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LHCb Upgrade

**Goal: increase statistics by more than X 10 The current Tracking Stations
\/Operate at 2 X1033cm=2s1 - 50 fp-1 (Gas Straw Tube Tracker + Silicon Tracker)

v'Triggerless 40MHz readout

<*Scintillating Fibre (Sci-Fi) Tracker e R e
v'Fast, high efficiency (~99%) - 0" | T |
v'High granularity (250um) il [T
v"High resolution (<100um) '
v'Low mass (<1% X,/layer) N2 : I
v'Radiation hardness (up to 35kGy) A . 1] i

Schematic view of the current LHCb detector
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LHCb Upgrade

**Goal: increase statistics by more than X 10

v'Operate at 2 X1033cm2s1 > 50 fb'!
v Triggerless 40MHz readout

**Scintillating Fibre (Sci-Fi) Tracker
v'Fast, high efficiency (~99%)
v'High granularity (250um)
v'High resolution (<100um)
v'Low mass (<1% X,/layer)
v'Radiation hardness (up to 35kGy)

........

Schematic view of the current LHCb detector
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Sci-Fi readout electronics (FE)

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

readout j
~ SciFl Module FE Box LHCb cavern :Counting house

Clustering
GBT
FPGA Optical links

SiPM i, to TELL40

SIPM

>.
>.

iy to TELL40

iy to TELL40

**Electronics design:
v'~340m? total active surface
v'524,000 SiPM channels
v/12,000 PACIFIC chips needed
v"2,500 Frontend Electronic Boards PACIFIC

**LHCb China Group 2016~2018:
v'Co-design Sci-Fi Frontend Electronic Boards
v"Manufacturing all Frontend Boards in China, testing a part ~
v'Sci-Fi Readout Electronics Quality Assurance System (For chips and boards) — 4smaliboaras
v"Readout Electronics for Detector Performance Evaluation (>20 setups in Sci-Fi group)

SiPM

1 module with 8 mats

iy, to TELL40

Cluster

ADC data data

=
L0 128x2b@40MH2

GBTx
Clusterization

SiPM

1 master board
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PACIFICS

+*64-channel SiPM readout ASIC for the Sci-Fi Tracker Clusterization

SiPM connector FPGA Concentrator

**Current mode input

“*Low input impedance (=50Q)

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

**Main functional blocks:

1 large board

v Pre-amplifier(Current->Voltage, 4 different output gains)JK I\ e

¥ Shaper +HV N U
v Offset trim T DBG_PRE A DBG_SH A "“"‘A"‘ A DBG_TH
v Integrators X 2 (20MHz)

T&H |Digitization

v Track & Hold le Preamp Shaper Integra+tor
v/ Digitization (with 3 comparators) — \ ’J*:'% = >
g P N Q 7 HIl ¥ | :’_ 3b@40MHz

]y i B o=
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Frontend (PACIFIC Carrier) 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? Goto Url=https.//twiki.cern.ch/twiki/bin/viewauth/Main/Tullios PreferredPartList

“» 4 x SiPM flex cable connectors (Hirose DF12(3.0)-80DS-0.5V), SLVS differential outputs of 256-CH
“» 1 x FMC connector (ASP-134602-01)

. 65mm ,
60mm .
front view of the PACIFIC Carrier Board back view of the PACIFIC Carrier Board
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A question raised in old Carrier Boards

«» Different offsets of the sampling window across all data output, reduce the sampling

window from 2.4ns to 1.4ns, tested by Daniel Berninghoff in Heidelberg
(https://indico.cern.ch/event/721309/contributions/3011775/attachments/1653078/2644967/ElectronicsStatus 0518 SciFiGM.pdf)
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https://indico.cern.ch/event/721309/contributions/3011775/attachments/1653078/2644967/ElectronicsStatus_0518_SciFiGM.pdf

Redesign of PACIFIC Carrier Board

“*We decided to re-optimize the routing of the PACIFIC Carrier Board
v'for a higher production yield S

v'more strict routing constraints, to gain larger size of the sampling window
» 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 separate 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

' Re-optimized PACIFIC Carrier Board r4
“*The design has been completed.

v'For the first 250 PACIFIC Carrier Boards, we have assembled first 10 PCBs, and checked with the Sci-Fi
readout electronics (MB+CB) to make sure everything works fine after this optimization.
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Redesign of PACIFIC Carrier Board
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Selection of the production companies

Company

ShenZhen Fastprint Circuit Tech

PCB standard

(PCB + Assembly)

IPC 600G class 3

assembly standard

[PC-A-610E CLASS 2

IPC-A-610E CLASS 3

delivery schedule

15 days (10 pcs ~ 2500 pcs)

20 days

On-site QA facilities

AOI for each layer (PCB)

flying probe test: shorts and continuity (PCB)

3D AOI (assembly)

X-Ray of BGA-packaged components (assembly)
values of all passive component (assembly)
thermal-cycling test (assembly, Fastprint)

PROs

AN NN N VNN

same manufacturer for CMS GEM frontend boards

v" Largest and first listed company of PCB manufacturer
v' thermal-cycling test

CONs

ANERN

IPC-A-610E CLASS 2 instead of CLASS 3
thermal-cycling test has to be done at Tsinghua

v" longer delivery time

2018/12/21
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Quality Assurance (QA)

[AOI: Automatic Optic Inspection]

3D-AOI+flying probe for the PCBs

production
company
on-site

thermal-cycling
L (same as clustering boards, but no powering) )

3D-AOI after assembly
A centers: ( . .
.Q CCILCLS . functional tests and parameter optimization
Tsinghua, Valencia X )

minimum speed: 500 boards / institute / month
<13mins/board
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Redesign of PACIFIC Carrier Board & Mass Production

Umver sttat Heidelberg -
Tsinghua University

PACIFICrS Carrier Board
rev. 4 06,2018 SCI F

2018.09 - First 250 PACIFIC Carrier Boards finished
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Check with Sci-Fi ROB cooling frame

First C-Frame of the Sci-Fi tracker
(Sci-Fi milestone of 2018)
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BER test with Sci-Fi FE

* Position: Master Board 0, PBs 2+3, old design * Position: Master Board 1, PBs 2+3, €W dESign
Size At = 1.562ns Size At = 1.709ns
Center 7 = 4.077ns Center 7 = 4.004ns

<= 0 => Optimal settings: Course = 5, Fine = 3 0 => Optimal settings: Course = 5, Fine = 2

g uUr = Qs ———
2% | ZE | ASICO
2 2ol = 20l

g2()_ ._]SZO_ ASIC 1
wE 0 [ 1 - Cé 0 - ————
el IVl ! ASIC 2
3 220 = 2

B20f = £201 AsiC 3
© % 0k ] - % 0E —
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PACIFIC Clock Shift 7 [ps] PACIFIC Clock Shift 7 [ps]

Result from D. Berninghoff
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Test with SiPM + Light Injection System

Ratio
I

o o o
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Sci-Fi Tracker readout electronics

Outline > QA system for Frontend Boards

QA system for packaged ASICs




QA functional test setup for Carrier Boards

+*Custom designed test DAQ (PAC| FICRO B)I [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 ) = T SRR e paene g .
v’ 8-channel, 12-bit ADC LI ‘ e T T - :
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

“*Arbitrary waveform generator
“*Linux PC
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QA functional test setup for Carrier Boards

+*Custom designed test DAQ (PAC| FICRO B)I [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
v 8-channel, 12-bit ADC e o
v USB interface to PC

FMC adapter board Mid connector

= e

+*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

“*Arbitrary waveform generator

“»*Linux PC

o

External trigger Controlling cable Voltage sensor
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Reference voltage configuration

Baseline trim DAC test and optimization




[current fail] [readID _fail]

if initial _current > ? fail If read boardID = : ) . . .
switch off the power line OxFFF.. FFF [Voltageﬁ(:r_fall] [Izc/fa:l] [LDINIT bad connection] [nReset fails] [ERRORI1GEN bad connection]
; Set nReset =1’
check initial Read 1-wire APply 30V on write then readback Set LDINIT = ‘0, then LDINIT = ‘1’ d S50 DG =
Vbias externally. ; ; and read read ERROR_counter
current and boardID ’ a single register readback Vthl common —
h d 48bi check the ADC vthl _common =10 Is it same as default value? back L RO oz = L
save fhe recor (48bi) value - ' vth_common Is pin ERROR1 = ‘1’ ?
f)t’;:v'v’g; OFF ad connection —
2) mount the Board s R = 0
3) power ON set SYNC = <0’ set SYNC = 409, _ no Set DISACLK = ‘1” et = 5
4) read E‘S’;'Ed IDR do BER tests with then set SYNC = “1°, S(;: DlI(S‘iI?ILK - write vthl _common = 10 Set Refresh = ‘0’ then Refresh = ‘1’
s i DB are ~IK events, Do BER tests with g ol —eommot readback read ERROR_counter
working/trimdac_fail, to avoid | Should all readback 0 ~10K events s —common =71 3 Is vth1_common =10 ? Is ERROR_counter =0 ?
back ASICs on board !
\
[current fail] Loop over until DC baseline [trimDAC fail]
if configured_current > ? fail well tuned if there is any channel not fulfill ~

abs(Top-Bottom)<2

[64 inputs bad connection]
record number of failed channels

1) Save only the thresholdScan raw data for

PACIFIC Carrier Board QA trimDAC=default and trimDAC=final

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

test routine 1) test log baseline in the range meant2

2) all parameters into a configuration file: PB_XX.conf, which can be read later by Scik1 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
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First 250 PACIFIC Carrier Boards Tested

100.0%

86.0%
90.0% 86.0%
++86.0% Working 80.0%
0.0%
60.0%
+*14.0% Failed: 50.0%
v'Baseline too low 400%
v'No ideal DAC to trim 30.0%
v'ASIC database problem 200% 9-92:{3 —_—TETE
. 0 2 o E s ¢
v'Input bad H00% . 22%  1e% iR om
v'Current fails oo e (,_ o R ok
o \O" | 0° 6@'@ o z&'
W e ‘\o ge® W
"5
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Sci-Fi Tracker readout electronics

Outline QA system for Frontend Boards

» QA system for packaged ASICs




QA functional test setup for packaged chips

***Custom designed test DAQ (PAC| F|CROB)Z [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 Power adapter board Mid connector
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

**Robot arm (Barcelona)

HMthim

Socket board PACIFIC ASIC Controlling cable
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[Wl'OHg_ASIC_VerSion] [Cllrrent faﬂS] [IZC failS] [nReset faﬂs] [LDINIT bad connection] [ERRORIGEN bad connection]

el el e "

>

ChCCk if — <)’ — <)
i check write then readback Set nReset and LN (3 J then Set ERRIGEN =0
4x ASIC inol . read back LDINIT = ‘1 read ERROR_counter (addr=0x153)
PACIFIC a single register ead bac Ic
current vthl _common = 10 vthl_common readback Vth_common Is ERROR_counter !=0?
5q! - - Is it same as default value? Is pin ERRORI =1’ ?

Start up : dat Tbad i - -
1) power OFF [data output bad connections] [DISACLK bad connection] [REFRESH bad connection]
2) mount the ASIC ™ ~ e o
3) power ON Set DISACLK = 1’ S BINRINGAEN = Pl
1) sean ASIC OR set SYNC =°0, Set DISACLK = “0’ v Set Refresh = “0” then Refresh = ‘1’

) sean ’ iz st SWNE = 1 < readback vthl_common < readback < read ERROR_counter (addr=0x153)

Do BER tests with ~10K events Is vthl_common =02? o _ 102 Is ERROR_counter =02
DISACLK = Svini_common = ¢ ERRORI =<0’ ?
nReset = ‘0’ 1 [sync bad connection] [save DAC in database] [save DAC in database] [64 inputs bad connections]
then ‘1’ to apply
a digital reset.
set SYNC = “0’,
do BER tests with ~1K events, ‘ ‘ -
Should all readback 0
Ifitis not [trimDAC fails] [threshold DACs bad]

Save results to database: possible to trim
1) Test log (contains also V. and V mcrp settings ) to.D.C baseline
2) V,scan results : plot V,; (DAC value) + linear function within £2DACs
3) Viencrs scan results : plot V. (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 IFIC ASIC Q A teSt r()utine I Raw data from all the scans will be save into one file to reproduce the results.
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Main features of test results for one chip

Vref histogram

Prob 1 DC-level distribution(default) common threshold DAC scan slope distribution
% L. 0 Entries 128 Entries 3
D C P 0662.5£6.1 14 -_ Mean 91.16 2 r Mean  -3.396
8boof- Pl -6.116 £0.160 F RMS 1847 s RMS 001353
St HE 1.8
(i ] . — forDAC<0 1.6
£ ! r s
[ ! 10~ 14F
] C n
400F- ! C C
r ' o 12F
u 1 r c
3 : : 2
F : 5 0.8f
— I -
200f ' r A
E ' aF 06F
100 E 04f
F ! 2~ o
S T B T P R C U 02
0 10 20 30 40 50 60 ol obn b b Db b b b 1
DAC 0 50 100 150 200 250 24 —38 36 -34 32 3 28 26 24 22 —2
DAC slope(mV/DAC)
VrefDCFB hIStOQram DC-level range local threshold DAC scan slope distribution
s F Prob 1 o F _ Entries 192
E P p0 7611+65 Sisof —Max  —Min F Mean 3499
T [ E F 061
IO~ Pl —6902+0172 ok RMS 0.0614
s F o :
- 1 -
600F 1 C
S 50
- 1 -
500F C
1 -
E ' 40
400~ 1 L
L 1 :
00k 1 *ed 30|
Eoo C
o ! C
200F | 20
- 1 o
o ! r
100 10
E 1 C
Foutl L 1 1 I I : -I
00"" T BTy oy N P T P fo| S N il IV 1| P P NN R Y N N
DAC 10 20 30 40 50 60 -4 -38 -36 -34 -32 -3 -28 -26 -24 22 -2

channel index slope(mV/DAC)
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final

== Readout Box Productions
== Readout Box Components
PACTFIC ASICs
PACIFIC Boards
Readout Box Operations
= Quaroses
QuarosSystems
SiPMs for Quaroses
Adapter boards
Spiroc FEs
Power supply units
USBboards
Laser mezzanines
Spiroc ASICs
Upload Quaros fileses

finish all 15t batch 1420 PACIFIC5q test

DESIGN OF THE LHCB SCI-FI TRACKER
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S Production Interface

Find by Barcode [ [searar]

X G

check the QA test routine

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/

Xiaoxue Han (Logout)

Hover prev

Show filter

New PACIFIC ASIC (total: 1410 csv, scsv)

rawData AsicOA ASICID PACIFIC5 Q-

Dimensions | . Initial | confiqured p—
[m x mn x| eloht Materlal | coment |current|current |Failure VEefDCFB| report  |Raw data [.root] A RIE
Somposition (mA ] [mA ] .pdf
0 0 0o o - ] 0

EPADOO0S  PI i’;&::f‘ffo' 2018-05-26 2018-06-07 12C fails Adummyroo Modify
2018-06-07 19:48:46 by Xisoxue Han
PACIFIC5 Q-
A2104 pof
20180807
PACIFIC5_Q- 20:21:10 by rawData AsicQA testsystem8 ASICID PACIFICS Q-
EPAO0010 PACIPICS.0- 20180526 2018-06-07 444 518 {mDAC fails 27 6 Xiscve Han  A2104 00t o Modity
2018.08.07 19:48:50 by Xisoxve Han
PACIFICS Q-
A2105.pdf
20180807
— 194855 [awData AsicOA ASICID PACIFICS Q-
EPA00011 Pl A2105 = 2018-05-26 2018-06-07 a1 5118 Workin 25 9 Xiaoxue Han A2105.root 0 Modify
2018.06.07 19:48:55 by Xisoxve Han
PACIFICS Q-
42106 pof
20180807
PACIFIC5_Q- 19:49:02 by rawData AsicQA testsystem8 ASICID PACIFICS Q-
EPAOOOT2  PI CIFIC5.0- 20180526 20180607 488 515 Working 29 9 Xisave Han  A2106.00t o Moty

2018-06-07 19:48:05 by Xiasoxue Han

READ-OUT ELECTRONICS AND THE QA SYSTEM YUYUE GAN




QA test for 15t batch of packaged PACIFIC50

15t batch of
1420 chiPs

2018/12/21

05
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0.05

o
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

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.

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

|
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Summary

**LHCb China Group (2018) finished:
v>1500 PACIFIC ASICs tested

v'Frontend Boards redesigned and verified
v'250 Frontend Boards manufactured and tested in China

v'6 Readout Electronic Quality Assurance System set up in
Heidelberg, Barcelona and Valencia

A 5 - 2019 To Do:
v'ALL 12,000 PACIFIC ASICs to test (with Barcelona group)
v"ALL 2,500 Frontend Boards to manufacture in China [in progress]

and to test (with Valencia group)
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Thanks for
Your attention!
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