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% Outline

* LHCDb and the future upgrades

 Sensor design and tests
 R&D of Module and stave

e Summary
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% LHCD : what it looks at present

« Removing the hardware trigger
* Increase luminosity by a factor of 5

e 4% 1032 cm?2st > 2x 1033 cm?st
« Upstream Tracker (UT):

4 layers silicon strips detector
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 To fully explore flavour physics potential

* In LS3: enhancement work (Upgrade Ib)
 For ECAL, RICH, DAQ,...

HL-LHC
Upgrade | Upgrade Il

Run 1 Run 2 Run 3 Run 4 Run 5
« Upgrade Il operates at HL-LHC ~ 16F- .
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% LHCb Detector at Upgrade ||

Challenges:
* Pile-up: ~1 > 5 (Upgrade I) > 40 (Upgrade 1)
« High multiplicity, hence high occupancy

» Higher requirement on radiation hardness

Upstream Pixel Detector (UP)
A MAPS based pixel detector proposed

Side View

Muon

Magnet &

Magnet Stations TORCH PicoCal

Mighty ,__ RICH2
Tracker — -

Run3: pile-up ~ 5

2000 tracks

Run5: pile-up ~ 30

LHCb Upgrade Il

Vertex Locator (VELO)
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Why we need UP detector

« Upstream and downstream tracks, UP is crucial in

 Tracking efficiency

« Reduce ghost rate

e Momentum resolution
 Improvements for long tracks: with low ghost rate, better momentum resolution
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% CMOS Sensor : Specifications

Fluka simulations performed, better insight

Pixel size, square < 85 x 85um?
2
» NIEL: 1 X 1015Neq 1MeV/Cm2 rectangular < 50 x 200 um
Substrate thickness < 200 um
> ;
TID: 63 Mrad Max. particle rate 74 MHz/cm?
hit rate 150 MHz/cm?
» If we take the safety factor as 4: T ———— 2 bite
> NIEL: 4 X 1015Neq 1MeV/Cm2 Transmission rate N x 1.28 Gbps
Overall efficienc > 96%
> TID: 250 Mrad Y ’
In-time efficiency > 99% within 25 ns
Noise rate(end of life) < 400 kHz/cm?
Rad-hardness(NIEL) 4 x 10*°n,, /cm?
(TID) 250 MRad
Power consumption < 200 mW /cm?

Chip candidates: Radpix, COFFEE, MightyPix, ...
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% CMOS Sensor : RadPix

> Development of Ya-size Radpix1 using Lfoundry 150 nm Cos0-MPWa . ofthe el R iy 150mm _ Full g RADPIX wh 9o aenstive s
Lfoundry 150nm 4—64 columns—p 4——256 columns x 80um =20,480um———p

progressing well, target to have results ready by TDR 2026

» Optimization of Pixel Matrix for power (150 mW/cm?) and
speed (99% in-time efficiency) requirements with the different
pixel flavors

» Ongoing:

1 4

536 mm

m—

)

Step 2
scale up
To full sensor

=

Step 1- upgrade
from RD50-MPW4
to RadPix

2.1724cm

2.1724cm:

256 rows x 80um=20,450u

1 - ‘lail;: H 64 x 64 pixels
> Design of readout periphery for compatibility with LHCb " 2*" N P
protocols, and power budget (BOUMXBOMT) 0, (BOBTXE0UT)
» Analog blocks (LVDS transmitter & receiver, power-on- Tested s

Submission Q1 2026
DRD3 shared project

Meet the RD50
requirements

Submission in 2027

reset, voltage regulator)
» Design verification and FPGA emulation

RD50-MPW4 latest results
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% CMOS Sensor : COFFEE

COFFEELX: validate the low leakage process Submission Time Time line

2023.8 2025.1 2025.11 2026 (V4 of the full size) 2027 (full matrix)
COFFEE2: exploring and verifying the process characteristics aF I

e e e
COFFEES: verifying different readout circuit structure and core  correex COFFEE3*  Process modification

Fully functional design

performan ces * COFFEEZ2: exploring and verifying the process characteristics;

** COFFEES: verifying different readout circuit structures and core performances;

In future : fully functional small size - fully functional full size

COFFEE3:
Architecture 2: for future

a small prototype to implement two complete readout pixe| dcmeiewe! process CHOS

design in-pixel

PMOS NMOS
.

P-stop or raos

VDD

-
o l_ .
Dnwell '

i
k-
AN

g H
T charge collection node |

i Architecture 1

array scalable for larger chip;

Architecture 1: for current

triple-well process, NMOS

chip submitted in January and received in end May

design in-pixel

LVDS driver/receiver

A lot of encouraging results have been obtained COFFEES design
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% COFFEE2: Irradiation Study

- | T ) -

» Proton irradiations at CSNS (China Spallation Neutron Source)

> Under an irradiation fluence of 1 x 10%neq/cm=2,

the chip can still maintain normal operation, proving strong radiation tolerance
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COFFEE2 chip

e .
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e & | Carrier
e Board

ToT vs Threshold (Irradiation 1 x 10 ngg/cm?)

MFQ [¢] ?i ] |rradiation 0 § HV=-0V
— R %01 3 dotont 2104 et g ! w0l 3 = o P [ {
Charge Injection ‘ 500 ; } E Pt ool 1] I | . } - {1
| ! { * i * 250 * * % * * % + {
SFOut 2 Pl - 2 }}{EI}
- - } i I ! — 200 } }
st et 5 300 i 1 t Popobd 5 f f {
B = F 150
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» Breakdown voltage ~70 V
Leakage ~ few tens pA
» LVDS transceiver supporting 1.28

Gbps data transmission
» Delay Locked Loop(DLL) delivers

Leakage(A)

. (50keV)

~Breakdown.voltage: 171V LV AB2QWzalork |, U DI z| STead SE0 e
T output with 40 MHz
Reverse Voltage(V) inpUt

clock phase decay as expected

: Pe 20 s o~ s
= T A RO O e Ve
Fo 1.0 T freq 4000 o0 10 -
LVDS diivetisceiver ﬁ .............................................................................................................................................................
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» CSA(charge sensitive amplifier) working as expected with charge

Injection

> End of column readout function validated

NMOS-only in-pixel digital design:

lower power consumption in pixel

A i
I-r-\ H
| Charge collection node |

{ Architecture 1

Architecture 1: for current
triple-well process, NMOS

design in-pixel
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CSA output for an ol CSA+Comparator
e > In-pixel CSA and comparator working as design
| Simulation » With laser irradiation, clear CSA and comparator

T A output

T, L > Typical TOT of laser signal 1-2 us, agree with

ot B TR T simulation

- * - > Pixel also response to Fe55 signal (X-Ray)

aéy,&rchitecture 2: for future

s quadruple-well process, CMOS Fu” readOUt Chaln

v
Laser on
o o

i B :idesign in-pixel

2 (ma =} | i Full readout chain verified with laser test: |

: i ‘E E Geep el ' comparator | | i
(E __________________ i E """" P-Substrate - A e E ] figital Hit Valid hlt on the only unmasked pixel Se n30r 9 I n‘pIXEI CSA+C0mparat0r9 end E
R EL L ulmmd'im mnm T T T E

+ CMOS digital circuits within pixels. ' 8 umnnumwunmnnnmmwmummmnmmmummmmu of column readout circuit i
«  Fully exploiting the advantages of the 55nm |ty Packet Empty packet i
process. Integrate TDC within pixels.
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% Module and Stave : Design

Three designs under consideration,
will converge on a design following an evaluation process based on requirements.
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odule prototype

UP.E.v2 design:
» Prototyping on Module and Bare stave are ongoing

» For the dummy module, wire bonding test also performed

Prototyping of the other designs also carried out, ongoing.
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% Module and Stave : Thermal Simulations

» Chips thermal power: 200 mW /cm?

> flex power: 40 mW/cm?

» UP box temp: 26.8 °C

> CO, input temp: -20°C, Thermal resistances of flexes dominate

> Pressure: 2 Mpa *  Controls AT for the full stave and module

Static Temperature (mixty

-re)
€]

1212
1275
1338
-14.01
1465
-15.28
-15.01
1654
4747
4781
-18.44

* Aside: if use honeycomb only for core, AT increases significantly

AT /|~ Ren@ for MODULE ~ 4.292 °C
— for FLEX ~ 4.020 °C
forBARESTAVE  1.695 °C

e Tit;mium Cooling Pipe for INTEGRATED STAVE _ 10.007_°C e AT
EE =

—20°C CO,

» Thermal studies w.r.t different detector designs kicked-off

» Input for evaluating the detector designs

2025/11/25 Kai Liu, LZU 16



% Module and Stave: Readout Flex

70cm

A\ *
«m‘m\‘\\\\\\\\
;lm"ﬂﬂmﬁ’f:ﬁﬁ“mrﬂ , P .
Solder Mask S nnnn ,. v
copper e :
— & T — 0.018 mm
PI — —== ) L . A
4'7’* 0]l mm
copper
0.018 mm
Solder Mask
0.02 mm

ST e N f
| rv A [\f“\ fV“\/C - . )
fa Test time ~45 min
* 'w( lw' W 8
\( TN AN N bits 3.4 x 10*2
S | Sl ' NUM. Error bits 0
time, nsec Bit Error Rate (95%CL) <8.8x 10713

» Single differential pair with impedance 100 Q
> Balance between signal integrity and material budget

» Test the maximum length of differential pairs
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% Summary

» LHCDb detector faces challenges for the Upgrade Il phase with high-luminosity.

» Upstream Tracker will be upgraded to Upstream Pixel detector (UP)
»UP detector R&D studies progressing well

» Good results on chip development, module/stave design and prototyping, software studies.

Thank you for your attention!
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