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LHCb Detector
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% Upgrade strategy CNEN
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Presently LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

Low-level trigger based on calorimeters and muon system
Signal rates for hadronic channels saturates below the
maximum luminosity

Read-out of complete detector limited at 1 MHz

-Software High Level Trigger

xclusive kinematic/geometric selection

Upgrade

Full software trigger : U’

Readout and event reconstruction at 40 MHz Buffas avants ta disk berform onfliie
Tracking system replacement 2

[ Full event reconstruction, inclusive and ]
e S

detector calibration and alignment

Effects on yields O

Luminosity x 5 on all channels r \
Efficiency x 2 on most of hadronic channels Add offline precision particle identification
and track quality information to selections
- - Output full event information for inclusive
LH(_:b will be a general purpose detector in forward triggers, trigger candidates and related
region primary vertices for exclusive triggers
\ b,

Main areas: Electroweak studies, exclusive central Uy O -Uy
production, heavy lon collision, top physics .... 2-5 GB/s to storage
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% LHCb Tracking System Upgrade 22
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LHCb tracking system

Upstream track
T T2 73 Tracks reconstructed by
linking segments from one
or more detectors
Ut | | — .
VELO | L—  Long track Three tracking detectors:
""@'“ ~ Vertex Locator
VELOl\track ] Downstream track Precision tracking near the
\_// Interaction region
: T track
- - TT—->UT
Track reconstruction before
\ the magnet
VELO TT IT+OT « IT+OT — SciFi
Vertex Locator Tracker Turicensis Downstream tracking Track reconstruction after the
Silicon strips Silicon strips Silicon strips + straw tubes magnet. Imp_ortant for_
recconstructing long lived
Up@de Up@de Up@de particles
PIXEL VELO uT SciFi All the tracking detectors will
Vertex Locator Upstream Tracker Downstream tracking be upgraded after LS2
Silicon pixel Silicon strips Scintillating fibers
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% Upstream Tracker upgrade INEN
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The Upstream Tracker will replace the current TT detector:
5x luminosity

Finer granularity and improved coverage

Increase of detector occupancy 0 d
40 MHz readout

Increase of radiation level Improved radiation hardness

UT in the LHCDb tracking: S AR AN RS AASS LA LR LA

140--(gj . ! LHCb Simulation

Intermediate measurements between VELO and
downstream tracking — ghost tracks reduction 120p

A Goodtracks

¥ Ghost tracks no UT

Ghost tracks with UT

-
(=]
(o]

i

Fast estimate of the particle momentum

— 0(P1)/P+~15% VELO+UT momentum resolution

— sufficient to measure the sign of tracks and suppress
low-momentum tracks

— 3x reduction of the time required by the forward tracking
algorithm

Number of Tracks

>
o

)
(=)

Increase reconstruction efficiency of long lived particles:

B J_ H H ’ f H :
100 200 300 400 500 600 700 800
Number of VELO Tracks

e.g. Kog— m+1m-,A— p11-. 00- :
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The UT Detector @
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e 4 planes (x-u-v-x) of single-side Si microstrip detectors |
* Finer segmentation in high-occupancy region TR EGERE L sl
 Inner-most sensors with circular cut-outs to maximize the . R i = |
acceptance near the beam line
e 0° and £5° strips providing stereo information
e Low mass flex circuits provide electrical connections between
dedicated front end ASICs (SALT) & near detector electronics (PEPI)
e Hybrid-sensor modules mounted on both sides of a “STAVE” to
achieve full coverage
16 or 18 staves per UT detector layer

| 'RICHI
UT/

Locator

1719 mm

1338 mm

1528 mm
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Stave and module design
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Stave composed by:
* Rigid core

e thermal and structural foam sandwiched between carbon fiber sheets Flex circuits terminate at PEPI| | %

e Single cooling pipe
e titanium pipe, 2mm diam.
* bi-phase CO,: 20 bar operative pressure, T=-25°C evaporation temp
e “snake-shaped” pipe under each group of ASICs
e 4 flex cables loaded with Si-hybrid modules

. Up to 16 hybrid modules
silicon sensor
e front-end ASICs (SALT) and hybrid
* ceramic stiffener
e thermal interface

Si-hybrid module

EXTERIOR

AIBRID:RIEA (FULL-LOADED STAVE]

ASICs Nt

BEAMPIPE
cuTouT

________ Modules are glued on both
Boron nitride sides of the staves to
stiffener achieve full acceptance

DATA-FLEX

Flex circuit

October 23, 2018 The 27th International Workshop on Vertex Detectors




Silicon sensors C(INER
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Four types of sensors —A, B, C,D:

Full size: 99.5x97.5mm? — Type A,B
Half size: 50x97.5mm? — Type C,D
Circular cut-outs near the beam line

+ 320um (A) and 250um (B,C,D)
—1 Type B thickness

10?4 p-in-n technology in the outer region
SRR — reduced cost

* n-in-p technology in the inner region
— better radiation hardness

90um pitch for Type B,C,D sensors
195um pitch for Type Asensors

Sensor Technolo # of — embedded pitch adapter
Type 8y sensors

A p-in-n 728 - Top side biasing scheme and

R n-in-p 160 passivated backplane

B n-in-p 48

C n-in-p 16

Sensors Type B, C, D are only ~ 10% of the detector

D n-in-p 16

October 23, 2018 The 27th International Workshop on Vertex Detectors 8



Sensor characterization
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Sensor tested in various Test Beam campaigns :
* Performances before and after irradiation
 Irradiation up to 4*10*3 1-MeV N/cm2
(twice the nominal dose)
* n-in-p vs. p-in-n technology
* Mini and Full size sensors
* Performances near the circular cut-outs
*  “Top Side” vs. “Back Side” biasing scheme
e Study of embedded pitch adapters
e Fan-in and fan-out
* Design optimized

Fan-in, top-side bias Fan-up, top-side bias
Main results: £ Ll -5 A T
. > P N = =
e High efficiency of A ] ot LT -
* No evidence of inefficiency sk 4 s s A s
e near the circular cut-outs for Type D minis and full EY mildoe 3 kA “ rominldoe
size sensors | T 1 AT
100 2000 300 400 100 200 300 A0
* near the Fan In and optimized Fan Up pitch adapter Bias voltage (V) Bias voltage (V)
. . . .. Fan-in, back-side bi Fan-up back-side bi
* No difference between top side and back side biasing s g S S e I v avcesioni o v |
z 1 z I I g 5|
scheme T | 1,.%—7_-_#--%—; f,,(}*T;{
e S/N ~ 24 for mini sensors after nominal dose i R A E = i
e S/N ~13 for full size sensors (320um thickness) at twice £ A — it e ( iy
the nominal dose £ e BT
. . . ot 00 200 300 200 T » £ 20
All results organized in a production database 1 Bias voltage (V) P Biasvlugev)
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% Sensor (Hamamatsu) production status C!NEN
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* Type A sensor

first 80 type A sensors produced and tested

all sensors are optically scanned and pattern recognition software used to find defects/marks
performance according to specifications

2nd batch of 150 A sensors received in August, tests are in progress
e Only one sensors failed specs (breakdown voltage), so far
» production will be completed by February 2019

* Pre-series type B,C and D sensor
e prototype B and D type sensor produced and tested

e all sensors ordered, masks approved on May 21, 2018.

e dicing diagram approved

* 10 B prototypes have been delivered last week and tests are starting

_ Typical leakage current Two depletion voltages (same batch)

g 85_ _; g 104?' — — T - é § 8;—' — _;
3 TF ER- 3
< 6F E 5 0L N Z 6F 3
E 3 ) E E E E

SE E 1 : SE E
af E 10 E 4F E
SE E L 2 3 3
2:_ 3 - 3 2F =

2 3 e, E 12 —|—‘ 3

1t E 0 200 400 600 obdy o | AT
T — Bias [V] 210 220 230 240

V. [V

1(250 V) [nA]  [V]
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Front-end ASIC: the SALT chip 22
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Ch 27 P Ch 0 128 chanmels
b A 6 & links
< ==
e . =55 -
LS 128 inputs =5 § Preamplifier Shaper . @ e
................. .l | Serlaliser :..uuh:fut
nooo oooo NN 27O : N F el ADC . DSP 1298
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82 |I838| g | T DIL] [ Mo
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: . TRCcmd e — g
. . Conf i
' $35353IS 9 - “Regsters [*1 ~| PLL
= =Yy 3 0 F — Biasing DACs
0 = = = [2C or SPI
oo----- OODo- - -0ood - - - - - oo fdide i
I

1
i1 Digital sup. 1 Analogue Digital sup.
1

:& Slow signals | T T T T T

supply & Fasl signals |

“Silicon ASIC for LHCb Tracking”

e 128 channels, 130nm-TSMC ASIC
* Wire-bonded to sensors Input pitch 80um R rErrrve i
e 30 MRad radiation tolerance

Ean_—' IR e '—_

* 40 MHz rgadqut _ %20%— 128 ch. superimposed é
* Fast shaping time/return to baseline 2 ]
e T peak<25ns =" E

e <5% after 2 T peak UE,: 0g

* 6-bitADC mE 1
e DSP featuring pedestal and common mode subtraction, - ]
. . -201 ]
éero-hs.uppressmn, data formatting 305 SALT-2.5 measurement (cal. pulse ~1 MIP) £

* n-c Ip memory i U__ I IZJDI I IiflvlillI . IEli.".lI I I8.!}I I J1lll}IJI I I12.|’D. I I1¢|IEII I I151‘.']I J l15.|iIZI|I I g‘.‘l]
e SLVS e-links (up to 5, typically 3-4 active) Time + Offset [ns]
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SALT ASICs version 3

The SALT ASIC went through a few design iterations:

SALT-1, first 128 channel, Fall 2016

e several problems found in all components (analog/mixed mode/digital), major redesign
SALT-2, second submission, Nov 2017

* some of the issues not resolved, new major issues found, especially in analog performance
SALT-2.5 (SALT2-intermediate redesign)

* new metallization to address problems associated with potential instability of the charge sensitive

preamplifier + two test ch. connected to input pads 0 and 127 to allow probing of analog processing chain

e still unsolved problems
SALT-3 submitted last week after an in-depth design review (http://asic.fis.agh.edu.pl/salt/reports/)

e phase margin of the preamplifier improved (removal of Krummenacher DC stabilization)

* decreasing the |,,. swings, considered source of the oscillations observed in the analog section

* improved power supply rejection ratio

e power distribution network with maximum isolation between the analog and digital domains

ut) [dB]

30

20

10

Signal Height [LSB]

-10

-20

-30

(=)
T

Ll

SALT-2.5 measurement (cal. pulse ~1 MIP)
(low-power mode, bias-current/4)

NN ARAANRRAANAN

nin

o

Lot

L 1 L L 1 L 1 L 1 1 L | 1 L L | L L 1 | L L 1 ‘ L 1 1 ‘ 1 1 1
20 40 60 80 100 120 140 160 180 200
Time + Offset [ns]

(UL AL BRRLEL Bl EERl Rl R R R Rl |
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Flex Hybrids CNEX
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oL
j—ﬂQL num §

qu 201 SD'I. 2

Top Layer 3D view

Two different hybrid prototypes (4 ASICS configuration) have been designed, produced and used to test SALT ASICs
without and with Si sensors
* multilayer flex technology, copper (18 um) on kapton

Ver. 1
e four layer stack-up design for signal integrity with “min” copper thickness
e clock distributed symmetrically to “east” and “west” side of the hybrid
*  “minimum size” traces (100 um)
e 100 Q differential traces for control signal and data readout (e-link)
* minimum number of capacitors for power/HV filtering
Ver. 2

e focused primarily on PDN optimization to reduce oscillations measured during SALT2.5 tests
e five layer stack-up with ground plane (top) to reduce plane impedance and increase shielding
e larger number of capacitors (for improved high frequency response of filters)

* Not optimized for manufacturability

October 23, 2018 The 27th International Workshop on Vertex Detectors 13



% Measurements in “detector configuration”
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Measurement performed on the hybrid (with up to 4 ASICs operating)

with D and A type sensor have shown that:

* Noise decreases substantially when PA grounds (analog) are directly

connected to hybrid ground (using test pads in front of chip)

e Similarly, better noise performances are achieved when HV return

line is also connected very close to the PA ground

e Oscillations are substantially reduced either by decreasing the
sensor capacitance (ex. Type D) or by operating the ASICs in low-
power mode (less change in current during ADC switching and

bandwidth reduction)

@ 30

> 20

ADC Value

Low power, high C -

Pedestal Asic 3

I I A M B
20 40 60 80 100 120

Channel ID

Pedestal Asic 2

10

1

L MR BRI
80 100 120
Channel ID

10°

107

w
T

Noise [LSB]
N
L)
T

Total Noise
CMS Noise

T R
80 100 120
Channal IN

Noise [LSB]
o)

o
- n

e
n

w
T

[
T

Total Noise
CMS Noise

TR AE R A
100 120
Channel ID

TOP Layer - GND fi&
Signal - Layer 3

Layer 2/4 - PWR

Bottom - Signal
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% S/N on hybrid .... as in test beam INETN

Istituto Nazionale di Fisica Nucleare
Sezione di Milano

Sensor Type D: ASIC3 has lower C, than other ASICs
Operating with: default bias, ADCs active on all ASICs
S/N: ~ 20, some oscillations

/ < paaanaee g
L ig PRTRL R LR )
AR R k3

(LI LR

maaEnn ‘-.i‘-f;,‘ i

AR LR

a1 gaEEd 0 - e

“Ground” for ASICO: noisier, inductive HY4_2[£§0123;93};0 oo W
T im dates _ o

' &

soNp TEST PAES =

Response to calibration signal ~1 MIP

8

. Signal Height [LSB]

W SRR AR L = maf @ 30~ -
: ASIC3 & y: g
= 5 E®E £® 2
E 1 & rC o o
g 5 I 2w, 2
3 2 = g g
0 2 __. 8 = 2
wE = ‘W:— — 20— | 20

e e e e e e e T e e e e e T e o e e TR e e R |
Time + Offset [ns] Time + Offset [ns] Time + Offset [ns] Time + Offset [ns]
T ¥ T a3 7 i
o | Total Noise G Total Noise | @ | Total Noise | @ ¢ Total Noise
o 250 CMS Noise @ 2% CMS Noise | ‘g2 CMS Noise | ‘g > CMS Noise
S i e 2 r
=T S I o I S .t
2 2 2 2 Z 2 Z 3
150 1.5F 1.5F 1-51

11 11 | 1 1 11 1 11 | | 11 1 ‘ 1 1 3y 11 1 11 11 1 L1 1 | 11 1 | 1

11 1 | 11 1 | L1 1 | 11 1 | 11 | ‘ 11 | ‘ 1 L1 1 1 1 1 | 11 1 | 1 e -
b 2020 60 80 100 120 R - T P G20 30 "0 80 100 120 %20 a0 60 80 100 120
Channel ID Channel ID Channel ID Channel ID
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% Data flex cables @
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Kapton flex cables: carry in/out signal, power, HV
* Data-flex cables: mounted on stave
* Pigtail cables: to connect to near-end electronics

PIGTAIL

Data-flex cable main requirements:

Three lengths with scalable design

100 Q differential input impedance traces

HV traces: able to withstand up to 1000V between
adjacent lines

Round trip voltage drop on power “traces”< 500 mV

Design specs reached in the 4™ generation: 3rd & 4th Gen. Cable: 3 Layers

Three layers stack-up 18um

360 um total thickness ~ Top:Signal + HV
18-34 um copper thickness 34um

Optical alignment marks for mounting - Inner: Power + HV

18um

I 5ottom: Signal + HV

Total thickness: 360 um ca.

/

Of which <70 um of copper

October 23, 2018 The 27th International Workshop on Vertex Detectors 16



Flex cables tests CINER
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Different test performed on Gen.4 cable

Metrology measure of alignment marks:
- optically measured on several samples

- 10pm-50um max displacement from design on X/Y
axis

Time Domain Reflectometry (TDR) measurements

* Less 10% deviation from 100Q design

* Discussion with the manufacturer to increase the trace
width

High Woltage and DC resistance test
- Up to 2000V applied between adjacent lines

* Round trip voltage < 500mV

Signal integrity maintained through flex in realistic
signal environment

Y
N
Yo mgmentmas )
— =
<+ > X
File Edt View Sstup Ukities Applcations Help [T65 Waveloms | Tekmonys | _ [ x|

S| 53| ||| & | Runvston | Aca blade [2verage 7] Trigintemal Clock. =] [200kHz 7] T ﬂ
[Puise =] [empitude =] et || e | e wne | ] | 5| - i e | 2 [=]w =
H % Meas:

W CHigh cs Sy
13945510

low cr Jy
60742190
aaaaaaaaaa
Max 6503310

b E088440

o 131.8%ma

glow cg Sy
B1.718750Q

) 8 2,000

vl 65080

2 S5310

{ 5 P W
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Flex cable production CNEN
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Data flex circuits have passed PRR and are being produced
» First batch of production-grade circuits are being shipped to Milano this week for testing
QA and QC procedure established and tested on prototypes

Pigtails, needed to bring signals out of the detector volume will be produced soon
e Thin line on multiple layers

» Prototypes successfully produced and tested

» Few vendors contacted to qualify multiple companies for final production

TDR test setup in Milano

Inspection, preparation + electrical tests
<10 min/cable

Electrical tests are done using an high
frequency switch matrix (not shown in
picture)

October 23, 2018
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Half-stave Test in the lab @
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hybrids

ADC counts vs channel
Pedestal, only

]

8

A2

ADC Value
ADC Value

A3 10°

0 ﬁ'lﬁllﬂl'hlﬂ Illlﬁﬂlrrlwi“fm;"i.\! 10 0 Ji!]"l,.;mﬁ,‘lvlvlﬂi'f -.rr:h:l\*fllilﬂﬁf‘:{}ﬂ ':

-20|
30 L ! L 1 1 L L L L
0 60 80 100 120 60 80 100 120
Channe! 1D Channel ID

3 3 ' '
s g .
Q TR "
fa] 10° [a] | "
< <

YA A

L L L 1
40 6 8 100 120 0 20 40 60 80 100 120
Channel ID Channel ID

Pigtail prototype
in test stand at
Syracuse
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Stave cooling @
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Finite Element Analysis simulation:

- T <-5°C
- AT= 5°C

Thermo-mechanical analysis
performed to determine thermal
deformations and vibrational modes

TRACI:
Multipurpose Refrigeration Apparatus for CO,lInvestigation

- Bi-phase CO, flows in a “snaked” titanium pipe

- Adummy stave is instrumented with heat loads and
temperature sensors.

ccessfully cooled down to -27°C

m—g 7

The stave has been su

L

October 23, 2018 The 27th International Workshop on Vertex Detectors
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% Bare stave construction C(INER

Side A with titanium
pipe mounted

Side B precision
fixture

Staves construction is almost finished

October 23, 2018 The 27th International Workshop on Vertex Detectors 21



Module construction & mounting

INFN

MILANO

Istituto Nazionale di Fisica Nucleare

Sezione di Milano

Module construction is in
progress:

Few staves constructed so far
using prototypes

* Type Asensor

e SALT 2.5 chip

e 4-ASIC Hybrid

* Gen 4 Dataflex

e Pigtail prototypes

Prepared for various test and
upcoming test-beam

All assembly tools,
infrastructure and procedures
have been built and tested

Modules are removable by
design, rework procedure has
been successfully tested

Dataflex glued on stave

4-ASICs Flex Hybrid

Full Module on stave

October 23, 2018

The 27th International Workshop on Vertex Detectors
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Detector box halves :
4 Service
(Each with 4 Planes) Access
: ! : side

PEPI chassis
4 yisible this side, 8 total

! (+ Earth-Ground Buss Bars)

X12 Maraton DC Chassis
located 17 to 34 m distant

Regulator boards

- Dedicated hardware in Service Bays
- Distribute LV to peripheral and front end electronics

Near detector electronics INEN

Istituto Nazionale di Fisica Nucleare
Sezione di Milano

PEPI electronics Chassis
Peripheral Electronics
Processing Interface

Staves connected to PEPI
through flexible pigtails

4 PEPI chassis:
- each chassis supports 3
backplanes.

For each backplane:

- 2 Master Control Boards
(MCB)

- up to 12 Data Concentrator
Boards (DCB)

October 23, 2018 The 27th International Workshop on Vertex Detectors
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% Near-end electronics @

Istituto Nazionale di Fisica Nucleare
Sezione di Milano

Power Breakout board-Inner

Primarilv DCB Slot DC Power Plgtall Power Breakout board
( b ) (Only 1 of 3 shown)

Power Breakout board-Outer Te|emetry Breakout Board
(Hybrid DC Power) (Only 1/3 shown)

Backplane

*12 DCB + 12 pigtail connectors each with
400 contacts (9,600 holes just for the
via-in-pad)

* 24 layers

* Baseline Footprint =276mm x 282.1 mm
(Size reduced slightly to accommodate
latest mechanical constraints)

12 DCB Slots

Each DCB has 6 channels of each signal

type allocated to the backplane

connector for TFC, i2C, ADC, REFCLKs,
and RESET

12 Pigtail Connectors

October 23, 2018 The 27th International Workshop on Vertex Detectors 24



INFN

Near-end electronics production

Istituto Nazionale di Fisica Nucleare
Sezione di Milano

Data Control Board

COMET main board with COMET GBTx and

GBT-SCA Daughter Board

e prototype built and tested in stave tests
preproduction completed

PRR completed in August 2018

full production is starting

Backplane
e Prototypes have been built and are being tested in

the instrumented stave test at CERN scheduled for
mid Nov. 2018

Power distribution boards

e Pre-production under way

e 10 boards are being integrated with
the instrumented stave being
prepared at CERN

October 23, 2018 The 27th International Workshop on Vertex Detectors
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% Transitioning toward construction ...
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~ MILANO
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Many activities are concurrently being pursued by the UT group (in 2018-2019):

consolidate QA of type A sensors
assess preproduction of type B,C,D sensors

submit SALT v3 for construction (MPW) = done, expected by end of 2018
review and finalize wafer test procedure to be ready for tests when SALT v3 is ready

review design and prototype new 4-chip hybrids = on-going
produce sufficient hybrids and “infrastructures” to assess performance of the ASIC as soon
SALT v3 will be available

perform test beam of type D sensor + SALT v2.5, real module, minidag2 & ECS [on-going]
instrumented stave test at point 8 (including 4 DCB, pathfinder prototype & realistic power
distribution and cooling) [mid November]

produce majority of flex cables and glue them onto bare staves

finalize pigtail production

Plan for installation and commissioning:

Step 1: on the surface at point 8 in transition cart
Step 2: in the experimental area

* Side Cinstalled in January 2020

* Beam pipe installation and seal in Feb.2020

* Side A installed in June 2020

October 23, 2018 The 27th International Workshop on Vertex Detectors 26



% Summary INEN
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The Upstream Tracker plays a critical role in the tracking for the LHCb Upgrade

- Itis a major upgrade with respect to the current TT tracker
- It will guarantee

- Finer granularity in the inner region

- Improved radiation hardness

- Fast readout at 40 MHz

Key components are

e Silicon sensors

e Readout ASICs: SALT

* Hybrids and dataflex cables
e Sensor staves and cooling

e Near-end electronics

—> SALT ver. 3 should address the existing problems in the signal detection and processing
- A new and optimized hybrid will be produced on time with the arrival of SALT v3

October 23, 2018 The 27th International Workshop on Vertex Detectors 27



	Slide Number 1
	LHCb Detector
	Upgrade strategy
	LHCb Tracking System Upgrade
	Upstream Tracker upgrade
	The UT Detector
	Stave and module design
	Silicon sensors
	Sensor characterization
	Sensor (Hamamatsu) production status
	Front-end ASIC: the SALT chip
	SALT ASICs version 3
	Flex Hybrids
	Measurements in “detector configuration”
	S/N on hybrid …. as in test beam
	Data flex cables
	Flex cables tests
	Flex cable production
	Half-stave Test in the lab 
	Stave cooling
	Bare stave construction
	Module construction & mounting
	Near detector electronics
	Near-end electronics
	Near-end electronics production
	Transitioning toward construction …
	Summary

