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LHCb Run 2

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018 L H Cb p rOved ItS elf tO b € th € FO rward
o aomEsTev21em General-Purpose Detector at the LHC
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. 2016 (6.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 /fb
. 2012 (4.0 TeV): 2.08 /fb
® 2011 (3.5 TeV): 1.11 /b
2010 (3.5 TeV): 0.04 /fb
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LHCb Upgrade Motivation
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Present LO hardware trigger
(max rate 1 MHz) saturates at
high luminosity for hadronic
final state modes

LHCb Upgrade |, with installing in 2019-2020 (LHC LS2) and first
data-taking in Run 3 (2021-2023).

** Goal: increase statistics by more than X 10

+»* Raise operational luminosity by factor of five to 2 X1033cm-2s!
s Triggerless 40MHz readout (Full software trigger)

+* Necessitates redesign of several sub-detectors and overhaul of
readout (40MHz readout rate)

¢ Replace tracking detectors (finer granularity to cope with

higher particle density)

2019/10/26
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LHCb Upgrade |

Upgraded detector

New silicon upstream
tracker (UT)

New PIXEL
vertex detector
(VELO)

New scintillating

fibre tracker (SciFi)

ECAL HCAL

SciFi

a

New RICH optics and

photodetectors

RICH2

racker —

New electronics for muon and

M4 M3

All sub-detectors read out at 40 MHz for a fully software trigger.

calorimeter systems

2019/10/26
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LHCb Upgrade |: Tracking - SciFi

Current: IT & OT
3 stations with 4 layers each
— silicon micro-strips in innermost region
— straw drift tubes in outer region
— 130k + 54 k readout channels

Upgrade: SciFi

3 stations of scintillating fibres

— 2.5 m long, 250 um diameter
— read out with silicon photomultipliers
— 590 k readout channels g

x 3 =12 layers
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LHCb Upgrade |: Tracking - SciFi

Current: IT & OT
3 stations with 4 layers each
— silicon micro-strips in innermost region
— straw drift tubes in outer region
— 130k + 54 k readout channels

Upgrade: SciFi

3 stations of scintillating fibres
— 2.5 mlong, 250 ym diameter
— read out with silicon photomultipliers
— 9590k readout channels

1 channel

2019/10/26 FHJETPEMHCEET/ESI Ming ZENG



LHCb Upgrade |: SciFi




LHCb Upgrade I: SciFi

**Goal: increase statistics by more than X 10
v Operate at 2 X1033cm2s1 > 50 fb'!
v’ Triggerless 40MHz readout

+*»*Scintillating Fibre (Sci-Fi) Tracker T B e
v’ Fast, high efficiency (~99%) \m. T -
v" High granularity (250um)
v/ High resolution (<100pum) A | pigmes
v Low mass (<1% X/layer) DT R
v’ Radiation hardness (up to 35kGy) ‘ |

SciFi RICH2
Tracke:

Schematic view of the current LHCb detector
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SciFi — Fibre Mat & Module

= 250um diameter scintillating fibre wound 1nto a 6-layer 2.4m-long fibre mat
v one end equipped with a mirror
v read out by 4x SiPM arrays

= 8 x fibre mat + honeycomb = sandwich-structure 0.5m % 5Sm module

- ~ T

N

Half-panel ~
000060666 m«fﬁﬂ 4

)

cross section of the fibre mat
mirror

read out by
SiPM arrays

8 fibre mats
with endpiec

schematic of the SciF1 module
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Sci-Fi readout electronics (FE)

s*Tracker structure:
v’ 3 Tracking Stations
v’ 12 detector layers (X-U-V-X, 5°)
v' 144 modules

**Electronics design:
v/ ~340m? total active surface
v' 590,000 SiPM channels
v 12,000 PACIFIC chips needed
v 2,500 Frontend Electronic Boards

SciFl Module FE Box LHCb cavern ;Coun(lng house

GBT i
FPGA Optical links | :

i 5 to TELL4O

iy to TELL40

i o to TELL4O

1 module with 8 mats
"
°
£

iy to TELL4O

ADC data
128x2b@40MHz

Clusterization

PACIFIC

**LHCb China Group 2016~2018:
v' Co-design Sci-Fi Frontend Electronic Boards SiPM
v Manufacturing all Frontend Boards in China, testing a part
v’ Sci-Fi Readout Electronics Quality Assurance System (For chips and boards)
v’ Readout Electronics for Detector Performance Evaluation (>20 setups in Sci-Fi groub1

9

small boards

)

1 master board
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PACIFICS

**64-channel SiPM readout ASIC for the Sci-Fi Tracker S crmector, e concantator
**Current mode input 4

**Low input impedance (=50Q)

**High Bandwidth preamplifier (x250MHz)
+*Output: 8bit X 16pair@320MHz

**Main functional blocks: f
v’ Pre-amplifier(Current->Voltage, 4 different ()J\th gams)J\ T ——
v’ Shaper +HV A A A U
v Offset trim T DBG_PRE DBG._SH A DBG TH

v Integrators X 2 (20MHz)

4 Preamp Shaper Integrator
v’ Track & Hold \ ﬂzﬁt! g ] ,’—_’— >
v/ Digitization (with 3 comparatb‘rs) Q Z ’J S T 3b@40MHz

N PE=m] B

FHETEMHCYFET/ESIL Ming ZENG



PACIFIC Frontend Board

We decided to re-optimize the routing of the PACIFIC Frontend Board

» 4 x PACIFIC ASICs (196-pin BGA packaged)

> 4 x temperature measurement circuits (voltage divider circuits with NTC , 2 for
SiPMs, 2 for the ASICs)

» 4 x SIPM bias voltage measurement circuits (voltage divider circuits)

» 1 x BoardID IC (DS2401 64-bit unique, factory-lasered silicon serial number, no permanent

damage up to 140Gy)

http://radwg.web.cern.ch/RadWG/Pages/showExternal.aspx?GotoUrl=https://twiki.cern.ch/twiki/bin/viewauth/Main/Tullios
PreferredPartList

» 4 x SiPM flex cable connectors (Hirose DF12(3.0)-80DS-0.5V)

» 1 x FMC connector (ASP-134602-01)

re-optimised PACIFIC Frontend Board r4

2019/10/26 FHJETPEMHCEET/ESI Ming ZENG
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Redesign of PACIFIC Frontend Board

We decided to re-optimize the routing of the PACIFIC Frontend Board

vV V V V VYV VY

for a higher production yield

more strict routing constrains, to gain some margin for the sampling window size

4 pairs of PACIFIC Clock lines (CLKIN_0~3) : routing length match < 1mm

4 SYNC lines (SYNC_0~3): routing length match < 1mm

64 pairs of data lines (DATA_0~3_X) : routing length match <3mm.

well seperate the analog input signals and the output data lines, the CLOCK lines
from 8-layers to 14-layers

Calculate impedance for Halogen Free (TU-862HF), and keep thickness 1.7mm

The design has been complete.
For the first 250 PACIFIC Frontend Boards, we will assemble first 10 PCBs, check with the SciFi full
electronics (MB+CB) to make sure everything works fine after this optimization.

re-optimised PACIFIC Frontend Board r4

2019/10/26 FhETEMHCE T/ESI Ming ZENG
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Redesi
design of PACIFIC Frontend Board

L Untversity
PACIFICrS Carr i =
o A Des20M8
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BER test with SciFi FE

* Position: Master Board 0, PBs 2+3, old design

Common window:
Size At = 1.562ns
Center t = 4.077ns
=> Optimal settings: Course = 5, Fine = 3

* Position: Master Board 1, PBs 2+3, N€W dESign

Better uniformity among different ASICs

Common window:
Size At = 1.709ns
Center { = 4.004ns
=> Optimal settings: Course = 5, Fine =2

+.8 Of N g OF
% | 2
— 220 5 820
SN N
nE OF - @ E Of
S | £
~ 820 3 820
S | S |
©E 0f < E OF
£ | 25 |
— 220 5 Boof
SEN! N
~E Of 0 E OF
=% | 2|
= 200} 5 Boof
5 B = L
O - = Ly, o . Dol e
2000 3000 4000 5000 6000 2000 3000 4000 5000 6000
PACIFIC Clock Shift ¢ [ps] Result from D. Berninghoff PACIFIC Clock Shift ¢ [ps]
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Redesign of PACIFIC Frontend Board & Mass Production

2018.09 - First 250 PACIFIC Frontend Boards finished !
(for first C-Frame of SciFi)

2019.09 — Finished all 2,300 PACIFIC Frontend Boards !

2019/10/26 FHJETPEMHCEET/ESI Ming ZENG 18



First Setup of SciFi C-Frame

b Test with SiPM + Light Injection System

0.8
0.6

0.4

R

.-t*'hf.
.

0.2 e
.M‘

1 | I 1 L 1 | 1 1 M . . | .

50 100 150 200
Threshold [DAC]

O*I\\|\II|I\I‘\I\‘I\\I

First Setup of SciFi C-Frame
(Sci-Fi milestone of 2018)
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QA System for PACIFIC chips

+*Custom designed test DAQ, (PACIFICROB): [fully tested, 4 for Heidelberg, 3 for Barcelona, 3 for Valencia]

v’ Altera Cyclone FPGA (clock generation, ASIC configuration, data process, sensor readout ...)

v’ precision clock conditioner to fine tune the clock for each ASIC
v" (LVDS-SLVS convertor)

Power adapter board
v’ 8-channel, 12-bit ADC '
v/ USB interface to PC

*»*Socket Board:
v" 4 sockets to nip chips
v’ Connected with FMC & controlling cable
+*DC power supply
v Output 5V/3A at least
s*Linux PC

Mid connector

**Robot arm (Barcelona)

Mt

s MNMOM?“

O® ==8

Q°

Socket board

PACIFIC ASIC

Controlling cable

SR ELHCE TES Ming ZENG



QA System for PACIFIC chips

s*Custom designed test DAQ (PACIFICROB): [fully tested, 4 for Heidelberg, 3 for Barcelona, 3 for Valencia]
v’ Altera Cyclone FPGA (clock generation, ASIC configuration, data process, sensor readout ...)
v’ precision clock conditioner to fine tune the clock for each ASIC
v" (LVDS-SLVS convertor)
v’ 8-channel, 12-bit ADC
v USB interface to PC

*»Socket Board:
v" 4 sockets to nip chips
v’ Connected with FMC & controlling cable

+*DC power supply
v Output 5V/3A at least

*Linux PC

s*Robot arm (Barcelona)

BT EHCY B TSI Ming ZENG



[wrong_ASIC_version]  [current fails] [12C fails] [NReset fails] [LDINIT bad connection] [ERRORIGEN bad connection]

Startup : ] _ _
1) power OFF [data output bad connections] [DISACLK bad connection] [REFRESH bad connection]

2) mount the ASIC
3) power ON
4) scan ASICs QR

DISACLK = ‘1’
nReset = ‘0’
then ‘1 to apply
a digital reset.

[sync bad connection] [save DAC in database] [save DAC in database] [64 inputs bad connections]

Ifitisnot [trimDAC fails] [threshold DACs bad]l
Save results to database: possible to trim ~_

1) Test log (contains also V,. and V,epers Settings ) to DC baseline
2) V. scan results : plot V... (DAC value) + linear function LWithin £2DACS
3) Vietpcrs Scan results : plot Vs (DAC value) + linear function
4) trimDAC summary plots for all three conditions

v" 1-D histogram of DC baseline distributions

v'+ out-of-range channel indexes

PAC -1 C AS l C QA test rOUti ne | Raw data from all the scans will be save into one file to reproduce the results. I

BHmPEHCFE TAESI Ming ZENG



Main features of test results for one chip

Vref histogram

s - Prab 1
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Entries 3
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Entries 192
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finish all 15t batch 1420 PACIFIC5q test

final check the QA test routlne

Production Interface
Find by Barcode [ (sauar]

== Readout Box Productions

== Readout Box Components

PACIFIC ASICs
PACTFIC Boards

Readout Box Operations

== Quaroses

QuarosSystems
SiPMs for Quaroses
Adapter boards
Spiroc FEs

Power supply units
USBboards

Laser mezzanines
Spiroc ASICs

Upload Quaros fileses

Dimensions E Initial
Inventory|Origin Arrived Location [m | as
composition Tond

PACIFICS_ Q- 5015.05.26 2018-06-07
Adummy

PACIFICS_Q-
A2104 2018-05-26 2018-06-07

PACIFIC5_Q-

ere 2018-05-26 2018-06-07

PACIFICS_Q-
22106 2018-05-26 2018-06-07

L) E LHCY ) 3

CAF2

QA test running : 10 ASICs/run, ~100ASICs/hour

All results can be found in Sci-Fi Production DB
https://scifi.physi.uni-heidelberg.de/db/prod/

New PACIFIC ASIC (total: 1410 csv, scsv)

Confiqured 1: TFIC
Failure VrefDCFB rl: Raw data [.root]
[u]

zmana-w 15 45:46 by Xisoxus Hat

2013-06.07 18:48:60 by Xisoxue Han

2018-06-07 15:48:58 by Xisoxue Han

2013-06-07 18:48.05 by Xisoxue Han

Ming ZENG



QA test for 1%t batch of packaged PACIFIC50

05 T T T T ‘

0.45 With the current PACIFIC setting:

the common area of DC baseline across all 64-channels is less than 4DACs,

difficult to use common threshold for all channels

BUT if we don’t use common threshold for all channels or tune the PACIFIC settings,

these ASICs can be rescued

04

0.35

03

This is the first time we have a large statistical sample of the ASICs.
The test results were part of the evaluation of the Sci-Fi electronics
and would be very helpful for future classification of mass-
produced ASIC in near future.

15t batch of | o=
1420 chips | -2

0.15

2018 Summer

97% percent of these ASICs fails just because the initial current > 500mA
We will change this criteria to >600mA and re-measure these ASICs

_

’\B&a Ka\\g '0‘36 xﬁzﬁ \'o‘ab "&i\% '066
. 0?&0 U}g‘ﬁ(\\ c_x\e‘ée \(\Q\} 0&9\) \q'o \“B*‘
\3\‘“ \.@(e' ¢3®

0.1

0.05

o

P
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QA System for Frontend Boards

+*Custom designed test DAQ (PACIFICROB): [fully tested, 3 for Heidelberg (delivered), 3 for Barcelona, 3 for Valencia]
v" Altera Cyclone FPGA (clock generation, ASIC configuration, data process, sensor readout ...)
v’ precise clock conditioner to fine tune the clock for each ASIC
v’ LVDS-SLVS convertor
v’ 8-channel, 12-bit ADC
v/ USB interface to PC

**FMC connector intermedia board:
v’ Simple pin-to-pin adapter PCBs
v’ To avoid broken FMC connectors

**Charge injection board

+*DC power supply
v/ Output 5V/3A at least

s Arbitrary waveform generator
s Linux PC

SR ELHCE TES Ming ZENG



QA System for Frontend Boards

+*Custom designed test DAQ (PACIFICROB): [fully tested, 3 for Heidelberg (delivered), 3 for Barcelona, 3 for Valencia]
v’ Altera Cyclone FPGA (clock generation, ASIC configuration, data process, sensor readout ...)

v’ precision clock conditioner to fine tune the clock for each ASIC _
v’ (LVDS-SLVS convertor) External charge injection board FMC adapter board Mid connector

v’ 8-channel, 12-bit ADC
v" USB interface to PC

**FMC connector intermedia board:
v’ Simple pin-to-pin adapter PCBs
v’ To avoid broken FMC connectors :

**Charge injection board e .

: & J L 3 y. (s -Jihgwm&i (

**DC power supply 4 oo ke S
v Output 5V/3A at least —Eess =

s Arbitrary waveform generator

s Linux PC

External trigger Controlling cable Voltage sensor

SR ELHCE TES Ming ZENG



[current fail] [readID_fail]

if initial_current > ? fail If read boardID = . . . . _
voltageSensor_fail LDINIT bad connection nReset fails ERROR1GEN bad connection
switch off the power line OXFFF..FFF  LVOItad _fail] [12C fail] [ ] [ ils] [ ]
f)tart up: N [sync bad connection]  [data output bad connections] [DISACLK bad connection] [REFRESH bad connection]
power

2) mount the Board

3) power ON

4) read Board ID

5) scan ASICs QR

6) check all ASICs in DB are
working/trimdac_fail, to avoid
back ASICs on board !

[current fail] Loop over until DC baseline [trlmDAC fail]
if configured_current > ? fail well tuned |f there is any channel not fulfill
abs(Top-Bottom)<2
record number of failed channels

[64 inputs bad connection]

1) Save only the thresholdScan raw data for

PACI F I C Frontend Board QA trimDAC=default and trimDAC=final

Save results to database: 2) Save number of channels (Num_uniform_channels):

tESt routi ne 1) test log - baseline in the range mean+2

2) all parameters into a configuration file: PB_XX.conf, which can be read later by SciFi readout system.

3) after trimming DC-baseline distribution

v 1-D histogram of 0.5ratio-transition-DAC value for all channels (both Top and Bottom DAC) for each ASIC
v'_1-D histogram of difference of Top and bottom DAC within the same channel for each ASIC

BHmPEHCFE TAESI Ming ZENG



First 250 PACIFIC Frontend Boards Tested

*+86.0% Working

+14.0% Failed:
v’ Baseline too low
v No ideal DAC to trim
v ASIC database problem
v’ Input bad
v’ Current fails

H00% 86.0%

90.0% 86.0%
80.0%
70.0%

0.0%

200% 9.2%
9 0,
-— 92%  2.2% 18% 0.4% 0.4%
. 22%  18%  04%  0.4%
| 2] —

C g AS
\O O cga @ (\Q‘) &
W Cobge™ o
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Updated test result for 2" batch in Tsinghua

* Solved the current fail problem and retested several boards

* 362 boards:
* Working: 305
* Baseline too low: 54
* S-Curve problem: 1
(not uploaded to database)
* Welding problem: 1
(not uploaded to database)

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

84.5%

B o

Working Baselinetoo  S-Curve
low problem

0.3%

Welding
problem
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Updated test result for 3™ batch in Tsinghua

* Solved the current fail problem and retested several boards

e 250 boards:
* Working: 235
* Baseline too low: 13
* Input bad: 1
* Noideal value: 1

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

Working

5.2%
=

Baseline
too low

0.4% 0.4%

Input bad No ideal
value
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Test result for 4™ batch in Tsinghua

100.0%

* 250 boards: 90.0%

* Working: 232 80.0%

 Baseline too low: 14 70.0%

* Input bad: 1 60.0%

deal value: 50.0%

No ideal value: 1 10.0%

* Other failure: 1 30.0%

(SiPM connector possible defect) 20.0%
* Welding problem: 1 10.0% 5%’ 04% 04% 0.4% 0.4%
0.0% —_ —_ — —

not uploaded to database
( P ) Working Baseline Input Noideal Other Welding

toolow bad value failure problem
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Test result of 5 batch in Tsinghua: Total

100.00% -
* 400 boards: N i
* Working: 367 80.00%
e Baseline too low: 26  70.00%
e |2C fail: 2 p0.00%
. 50.00%
* No ideal value: 2
] 40.00%
* Current fail: 1 o
e REFRESH bad: 1 20.00%
* Voltage sensor fail: 1 10.00% = 0.50% 0.50% 0.25% 0.25% 0.25%
0.00% ,—\ . . : ° . : . °

Working Baseline too No ideal 12C fail Current fail REFRESH  Voltage
low value bad sensor fail
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Main features of test results for one chip

localVth2_ch58

localVth2 _ch58
Entries 256
Mean 101.9
Std Dev 68.67

800 1

700

600

500

400

300

200

DII|IIII|IIII|IIII|IIII|IIII|II
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LHCb Upgrade |: SciFi

Production:

From SciFi IB

PACIFIC Chip

100% produced and tested

PACIFIC Board

100% produced and tested

e

Cluster Board

100% prodcued and tested

Master Board

Preseries 50 MBs: ok
Main production (570 boards):

Batch 1: 96 MBs in July
Batch 2: 104 MBs in Aug
Batch 3: 100 MBs in Sep

Mechanical Parts

100% produced

~ -

Front-end boxes

Preseries (23) ready — frame1
Batch 1: 30 boards at CERN
Batch 2: expected this week

Congratulations to
« Tsinghua, Valencia, HD
* Clermont-Ferrand

FEB finishing determined by
MB schedule: Significant
delays, however in shadow of
delays of C-frames

Very detailed test of FEBs at CERN, progressing very well (Massa + students).

2019/10/26
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LHCb SciFi China Group
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» SciFi: 524,000 SiPM Channels
> PACIFIC — 64 channel SiPM readout ASIC

LHCb Upgrade I SciFi (LHCb China Group)

» LHCb SciFi China Group :

» Co-design the PACIFIC Board (with Heidelberg)
» Manufacture all 2,300 PACIFIC Boards (Finished in 2019)
> Test 1/2 of the PACIFIC Boards (another 2 @Valencia)
» Quality Assurance System for PACIFIC chip selection
(6 setups @Tsinghua, Barcelona and Heidelberg)

» Quality Assurance System for PACIFIC Board

(5 @Tsinghua, Valencia and Heidelberg)

Software: Build new sequence for SciFi specific processing of Testbeam data.

Commissioning in 2020 ......

2019/10/26 FHBFPELHCYFE TESW  Ming ZENG



Thank. 17014!

Questions?




Keferences :

. https://cds.cern.ch/record/2630472/files/passaleva-

iIchep%2007.07.pdf

. https://cds.cern.ch/record/2650584/files/181206 Kruger.pdf

. https://cds.cern.ch/record/2648754/files/grauges-L HCb-

NagoyaHfNPFP.pdf
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