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LHCb Upgrade Il @1.0 x 103*cm™2s™1
Installation expected 2034-2035

BATEISHEE > AIX % 25 ns R
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R FXIIE ¢
© BIESPE < 10 um
. BIEERHE > XS 23 nsHH

EYIRE. KT
KEFR > ~ 20 m?
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AGORA Detector concept for CEPC / FCCee
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FREIJIEHN LT EEFRISTERES ?

Sensor size 2cmx2cm
Spatial resolution <10 um " S " .
| | EEERNZEEEREEK
Time resolution 3~5 ns
NIEL 3 x 10% ng,/cm?
: 2
Max hit rate 100 MHz/cm Yoke
Power consumption < 200 mW/cm? Muon AN\
Magnet =
m:z?\:: g‘muuns TORCH HCAL
ECAL
OTK
\"ll“:.!‘, TPC
ITK N
VTX ’
Lumi
B | Ik | ‘ Beam pipe
LHCb Upgrade Il @1.0 x 103*cm™2s™1 AGORA Detector concept for CEPC / FCCee
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COFFEE Timeline  »rarswrowssans

CHIiR
C FFEE-H'R Cmos sensOR IN
COFFEE 2 ( 0 I es) FiFTy-FIvE nm PROCESS
First HYVCMOS 55nm - Validation of
prototype chip process
- Breakdown at -70V modification _
_ - Key design Quarter-size
- Responsive to laser, feature chip submission

X-/beta-ray sources

T 002 Y 2023 o oo2d 2025 %2026 2007

Submission timeline

COFFEE3 .
COFFEE1 - Two pixel arrays with ar’?i
- Prototype in LL data-driven readout g:’gﬂ%gge
process - Designed for good timing D 9027

resolution and moderate

- Validation of deep _
power consumption

N-well structure

SKIT

Karlsruher Institut fur Technologie



COFFEE3

= Prototype in 55nm HVCMOS process with
two readout architectures for fast timing

* 4 mmx 3 mm
* 'CMOS matrix’ : digital TDC in pixel

X 'NMOS matrix’ : limited design flexibility
PTTIEEnR . [ & - _ yet no crosstalk using 3-well process

48 row x 12 col = . .
SE R g3 oS manix Passive diodes for sensor study

32 row x 12 col

Passive

e IP validations: PLL, DLL, LVDS driver/
36 um X 90 uym .
Pixel Column
Pixel Column TOA/TOT sample & Memory o| csa | cMp+DAC Eixcl
o [ csa | empipac | Fol venr C‘]’{‘egg‘ ROM || SRAM|| | Pixel 1 | csa | emp+pAC
1| csa | emp+DAC ]éf: VCDL Cﬁ'l?‘ ROM || SRAM 5 | CSA | CMP+DAC
2 | CSA | CMP+DAC 'é‘:r‘l" VCDL C‘l’(":‘g' ROM || SRAM
3 | CSA | CMP+DAC 'éfr‘; VCDL C;“fg‘ ROM || SRAM
A et i * CSA | CMP+DAC
. : Control
D I—I— I_V DS d rIVe r / 1 H g ’ Voltage Addr. CSA [ CMP+DAC
. Dlg ital peri phe ral Read/Token Config. TIMER n [ csa [ emp+pac EOC
receiver |
Other Pixel ‘ Readout control | | Memory readout | EOC Other Pixel L0 /O TfsampleleMemory
Col S Columns
| l e l [ l I I Peripheral Readout

| Timer, Data Package, Serializer ‘ | Timer, Data Package, Serializer

CMOS in-pixel circuitry NMOS-only in-pixel

circuitry 5



COFFEE3

CMOS matrix

48 row x 12 col ;
40 um x 145 pm ¢ NMOS matrix

3 32 row x 12 col
40 pm x 100 um

DLL LVDS d_river/ Digital peripheral
receiver
DLL

Input clock (320 MHz)
successfully delayed
by 6 phases to
achieve finer timing

Passive diodes

4000 —
3000
2000 -
1000 - |
0
~1000 |
—2000 [
~3000 [+
000 0 60 S50 40 =30 =20 <10 0

Bias Voltage (V)

Current (nA)
T T
2
p>
(Soowe ool iiinliiir

donlonln

IV:
breakdown at -70V, expected
for low-res (10 Q-cm) wafer

—

Capacitance (fF

500+ 1
450 & =10 kHz
400 200 kHz 7
350, 1 MHz
3001 4 3
2505 E
200F @0 with p-well 3
150 " E
“5’8 3 e without p-well |

0E n | - L I n E

1 P 1
0 10 20 30 40 50 60 70 80
Bias Voltage (V)

CV.
- Single pixel C ~ 50fF at -70V
- Higher with circuits (+ p-well)

LVDS

Both driver & receivers
function well with

640 MHz clock




COFFEE3 'CMOS array’ "~ /\*

‘——l Row & col select
= Readout chain of a single pixel successfully el LIPS > |‘ ’ |
demonstrated using laser %: %_@
Power Supgly I fgnr:pl)i:gt ;&r
_— - output of

comparator |

available

42-bit data
packets for

A valid transmission packet Correct row & column address
corresponding to a hit

empty packet valid hit empty packet

l 0000001,000




COFFEE3 'CMOS array’

= Readout of a full column successful
= Clear response to a laser spot moving along the column

’ ’ Laser moving step ~200 um, consistent with ~5 pixels
col 1 .
row 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
col 1 .
row 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
row 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
row 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
col 1 .

row 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47



>SFe test

= Single pixel response to >>Fe sources observed

* Pedestal position determined by Oscilloscope trigger; could improve with full DAQ

= Noise is large
e Combined with S-curve with laser: noise ~ 200e-

* Consistent with low-resistivity wafer (and shallow depletion)

COFFEE3 V2.0-1 Coll Fe55 HV=-65V COFFEE3 V2.0-1 Coll bkg HV=-65V

600 - 35
i 55 30 .
g With >5Fe Without 55Fe
25 -
400 -
2 £ 201
()] [}
D 300 b
15 -
200 1
10
100 - A
0 = 0 =~ II . T - T - T
0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.02 0.04 0.06 0.08 0.10 0.12 0.14

Values [V]

T Values [V]
Expected pedestal T K alpha

Efficiency
I o o
=~ (=)} o0 —_
T T I

o
o

bo .
Th (V)

S-curve with laser for one
design variation: ¢ ~10mV
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COFFEE testbeams - first results

= Two beamtest campaigns @ CERN SPS using hadron beams ~120GeV

* May 2026 with DRD3
* Jul 2026 with LHCb (finishing today!)

v~y » —
. % % - A-: |
- . e =

B\ ' s /&

. * ‘ . = / 7 \

¢ y th o o eye \

NN .. | L iy, & R : .

\ \ ! '. ‘, 7 .-.\ ‘

=

plal =

= Setup:
* COFFEE3 chip with scintillator up-
/downstream
* In May a tracking telescope with
silicon strips available

-~
~—

e e e

-
~ \
— -
-~ L\
~a\

o Strip ‘ Strip | Strip | o

= layers COFFEE jayers  layers =

8 vx X YX | YX & Beam
TB 10 1 Light proof 02 07 05 06

tape 11



COFFEE sees hits!

Arrival 11
o

threshold

Time-Over-
Threshold

TOA vs TOT with fit

Fit: TOA = p0 + p1/(TOT + p2)
¢ Data p0 = 0.44510
Fit center p1 = 3.20065
+ 30 band p2 =1.70757
+56band ©=026720 s
3t X?/NDF =57.618 /807 = 0.071
.

'\ Yellow : test pixel TOT

\
»,
B e T P P P P S— A LB

“JI\HIU;H l'l.| HH ll\ JH }

LE - TO [us]
»H

TOA=

il
'\'|'|l‘ |V

e R T

Timewalk effect clearly visible



COFFEE sees tracks

L)

Strip
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s Silicon Strip
telescope
109um pitch ‘

YX

Scintillator
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Hit map for TB10 Hit map for TB02
hist_TB10
% 1600 Entries 128077
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COFFEE readout working

= All pixels in CMOS-matrix turned on and
responsive to the beam

* The pixel map can be equalized by adjusting
4-bit TDAC — work in progress

= Results shown here are fresh and just to give a
flavour — more analysis to follow

Column 6  Column 7

Row 0
Row 1

Guess where
is the beam
centre ©

Row 2

Row 3

Row 4

Row 5

Row 6

Row 7

Row 8

Row 9
Row 10
Row 11
Row 12
Row 13
Row 14
Row 15
Row 16
Row 17
Row 18
Row 19
Row 20
Row 21
Row 22
Row 23
Row 24
Row 25
Row 26
Row 27
Row 28
Row 29
Row 30
Row 31
Row 32
Row 33
Row 34
Row 35
Row 36
Row 37
Row 38
Row 39
Row 40
Row 41
Row 42
Row 43
Row 44
Row 45
Row 46
Row 47
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First study on radiation hardness

= COFFEE2 samples were irradiated at CSNS /A Zhiyu Xiang etc @ CSNS, IHEP

4 2 . - L —
up to 1.6 x 10** nge/cm Y

-5

= Leakage current increase as expected

= Pixel array designed by KIT team working
after 10 ng,/cm? fluence

= More COFFEE sensors irradiated by DRD3

ToT vs Threshold (HV = -20V)
Irradiation 0
Irradiation 3.5 x 10? neg/cm?
Irradiation 1 x 10%* ngq/cm?
i ¢
pi ot
. 1 G 1 pixel (31) |
; t i t f f £ —1jn * 1.6E14 n,/cm® -]
C * 5.7E13n,/cm® ]
~1.5f . 49E12n,Jem?
F o 3.2E11 n,jem® ]
_2_llll lllllllllllllllllllllll—
-60 50 40 30 20 -10
Reverse Voltage [V]
0.40 0.39 0.38 0.37 0.36 0.35 0.34

Threshold (V)
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Limitation of current process

= No access of high-resistivity wafers
* Small depletion, large capacitance, low S/N ratio

= Triple-well process

* > cross-talk between sensor (deep-n) and PMOS
circuit (hence the NMOS-only matrix!)

1e0} :‘\\
400V @ L 3
. | >1k Qcm \ \ Depletion depth:
5, | 'm o
@ Breakdown: 20V \ . ~10um @ 200um @ ‘==
p_sub=6.63616e12 / 2k Q*cm @ 1 O Qcm >1 k Qcm m
¥ y Wossosero
p_sub=1.32768e13 / 1k*cm 10 Qcm 200
p_sub=2.65681e13 / 500Q*cm -200 -100 o 100 200
——p_sub=1.33344e14 / 100Q*cm
——p_sub=1.35849e15 / 10Q*cm

B w0 Crosstalk betw sensor &
digital circuit @ COFFEE2
16



Process improvement: CHIR

= Agreement with foundry by process modification

= CHIR (COFFEE-HiRes) design goal
* Priority: to validate the process with high-res
wafers

o 1k/2k/4k Ohm cm wafers available from two
manufactures

* Radiation effects of simple components (eg. MOS)
with or w/o radiation hardening

* Implementation of “Five-well process” : to
validate basic IP not affected by process
modification

P-type substrate.

P+
CONW CONW CONW
DNW DNW
Deep-PW

Very-deep-NW

17



CHIR1 chip(s)

= Can be diced into a number of chips serving various goals

» Passive sensor validation:

* (A) 20 arrays of 3x4 passive pixels with diff guard ring designs,
each can be diced into individual 1x1 mm? chip

* Pixel size: 38 um x 175 um

= Pixel array design
* (B) 9 variations of in-pixel frontend designs
* (C) main pixel array of 256 x 64 pixels; similar as COFFEE3 with
readout data format compatible with 32-bit UP spec
= IP validations
* (D) necessary analog Ips: PLL, DLL, LVDS transceivers ...
* (E) alternative small pixel arrays
* (F) digital modules and transistors for TID and SEE studies

= Submitted in Jan 2026

* First batch with 2kOhm cm wafer expected back in July
e Iteration within fab in ~2 months for the rest

= Future MPW planned in early 2027 if tests positive

~13 mm
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LHCb Upstream Pixel Tracker (UP)

= Collaborations from China, France, Mongolia and US

= Aiming to deliver Tracker TDR by Nov 2026

* Chinese groups playing leading role

Project Lea

der: Jianchun Wang / IHEP
Deputy: Tomasz Skwarnicki 7 Syracuse, Benjamin Audurier / IRFU

TDR preparation

WP.0 Marina / Syracuse

WP.1 |Simulation, reconstruction and performance qmo Yuan/ IHE?geve Blusk / Syracuse
1.1|Detector description and simulation software mu
1.2|Reconstruction and performance study Peilian Li / UCAS

WP.2 |Pixel sensor chip development d Wming Li/ IHE?FQbrice Guilloux / IRFU
2.1|Sensor chip design Xaomim e NPU, Yang Zhou / IHEP
2.2|Sensor chip evaluation Elisabeth Niel / LLR, Hui Zhang / IHEP

WP.3 |Module and stave Ray Mountain/Syracuseg Jiesheng Yu/Hmfymel Guittiere/Subatech
3.1|Design and prototyping (Xuhao Yuan / IHEP), Theo Bigourdarr+Subatech
3.2|Stave mechanical and thermal study Yi Yang / HNU, (Arnaud Cadiou / Subatech)
3.3|Module evaluation Charlotte Riccio / IRFU

WP.4 |Overall mechanics, installation and cooling Arnaud Cadiou / Subatech
4.1|Mechanical support Meriadeg Guillamet / Subatech
4.2 |Detector integration and installation Meriadeg Guillamet / Subatech, Bassem Khaniji / Syracuse
4.3|Cooling system Hangyi Wu / Syracuse

WP.5 |Data acquisition system Kai Chen / CCNU, Zijun Xu/IHEP >
5.1|Overal readout scheme (Jiachun Wang7 THEP]
5.2|UP-specific firmware (Kai Chen / CCNU)
5.3|Control and monitoring (Zijun Xu / IHEP)
5.4|DAQ system for evaluation and production (Marina Artuso/ Syracuse)

WP.6 |Electronics Kai Liu / LZUEhristophe Renard / Subatech
6.1|Design of FE electronics Zhi LZU
6.2|HV and LV systems Kechen Li/ HTU

::::;:::::z:g;le‘;.
ww 00<ZT~

ryy Yy ryyyry vy ryyyrvyyi

6.8 m? active area “Z400,,
in ‘middle-scenario’

Y Ka
ReasEdEfiTui g
wrience of Wigh Twergy Mipacs

Chnese Academy of Scvences

g

4 Jubate:
Laboratoire \Z £ ——
Lepr:n?er-‘R‘iJrllrg(uet *'(- = y

et

GRS

3 of Ol Acwdenry o Sclonon
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cy (Before Select)

Efficien

UP: simulation and performance

Standalone UP tracking possible with pixel sensors

. oo, o . . . v MP/FT Standalone (MT1)
More possibilities in tracking algorithms / =t
Long (UP required) | ]
* Forward alg.: VELO > UP / MT s psundatone | B3scomre | 1] 1 s e
e MatCh alg.: VELO + MT 9 + UP v/ TV Standalone //-j://:‘%(w o,wj\s. \\
. - 5 Tv)*(MT)-padd.Lf:i‘i’::g B . :
 Backward alg. (new!): combine all 3 standalone tracks Wi_— - D [
i <L N~
Mergmg all algorlthms give 1good performance (eff R ~~— | i E
~95%, ghost rate O(%)) as of now, under >8 times mo 1T =
tracks! \
Long Tracks by backward alg Long Tracks by all 3 a |gS after Clone klller
e M e e B 0 N o Eriiey
| = IEARR ' ' 450002 % e | | R l o +++++++++++ + ][ w0 & F :J —:50000§
ol ke ‘+ ‘W*HM‘*OOOOL é ox— » : : s LH +H ++H _500 g § 08 H ; GhOSt I'ate T‘g
an Efﬁmency Fssoo05 _+_ ‘GR before KF: 1230%(?)5 84T%) E [ L Eﬁ"uency 400 % LL g —Jaoood™
(J(x—i‘|1 e :Zozzzm oo ‘ ——+— GR atter KF: 6.62% (P>5: sany ‘ 0'6: LH |- LonaMTiroms: 88 4% (75: 9457 :3"“ § Oiﬁi L [ ] LonoT Reconstructbie —;30000
osf- - e . :: ::c :: ::: ':Iz:.v: 89.3%) 520000 e I S S— ............... | 04 : .gLongMT[lromBl Rec?nslructible _: 200 0.4 | \j . ...%20000
Ba EEET - Toehestme | ] F L 1 H e
; _; e LH;’;:* A A—;ZOOO 0-*“*:::,-"‘:‘:;-“_" ;fr_,-«_;,,ar,,mg *M 0 L ﬁ T P o % *:;mmmm—mfﬁgﬁ
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UP: design concept & prototyping

= Three module concept designs
* Unique gapless design proposed by Chinese groups; prototypes with

dummy chips :

* Mechanical prototypes of light-weight bare stave )

sssss L ) iona pads modules jx %
MODULE MODULE MODULE [ i = £

readout flex

I rid- e\ E‘E——‘E
ex }
CFRP facing )
hybrid-flex \
thermal interface
stiffener aterial (under, sensol
stiffener



UP: Sensor options

ightyPix e 4o HVCMOS
MightyPix N 5 & A
® & S AMS 180 nm ~
FONS X a o
s oo < ) O 5\
VP R v P
R n"@ @,‘/\'} & ,qu’ charge
SQQ’ 0"’6 > @ signal CMOS
Qg\q' electronics
CHiR I Yoo Yol o« s - HVCMOS
N A\ &0, & & & 55nm
COFFEE & s o S
( ) S i O © &
o ‘é\s* me ‘i\s},@/@ &&mg > Q\\Q‘ qu\
O ' ” €
- HvVCMOS
) 2
RadPix FIaRparT: e % e LFoundry 150 nm
(Q\ \¢)‘7\0 Q\b“\ ke%\) . \“J(,\ \K\)\
®) > e Y
2090 o @ o A S )
oV N ) @& S harg
0 b‘ Charge
& signal CMOS )
CMOS (CIS) IK _electronics )
MANTA (PAET 2 L kTl
* HOTE S *00 % i\ﬁ\ TPSCo 65 nm -
,\Qf} QS’ c_)\) @ & (,c,\ e . o(\ \\f,\ | p substrate )
PSP W ® ¥ RSN
NAIN G & S AN
S G 1) o 8 Q 2
$ R @V K92 6\;0 é\?'%
> >
TDR 11/2026 ¢ i

We start relatively late, but progressing fast - and using more advanced process!
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AGORA Inner Tracker for CEPC / FCCee

= Inner Tracker is a central part of CEPC Ref-Detector
tracking system

* Using HYCMOS pixel sensors covering an area of ~20 m2,

* With spatial resolution of ~8 um, ITK aims for good time
resolution to allow tagging of 23.1ns bunch spacing at most
demanding high-lumi Z operation

= 3 barrels layers + 4 pairs of endcap disks

2000 T T T T T T ]
Parameter Value 1750F T — 1 Yoke
o |1
Sensor size 2 cm X 2 cm (active area: 1.74 cm X 1.92 cm) 1500 ;&@?9_9/ _ Muon
Sensor thickness 150 um 1250 £ ss E Magnet
Array size 512 x 128 = TPC K 5 HCAL
Pixel size 34 um x 150 um E S ECAL
Spatial resolution 8 pm x 40 um T ] OTK
Time resolution 3-5ns E TPC
Power consumption 200 mW /cm? T ITK
Technology node 55 nm VTX
] Lumi

Beam pipe

Karlsruher Institut fiir Technologie




AGORA Inner Tracker for CEPC / FCCee

= Both barrel and endcap shares a common module design
* With 3 variations of pixel numbers

= Readout and power supply in line with common electronics

= Low-material budget for reduction of multiple scattering
* Aiming for <~0.7% X, / layer in barrel

FPC (Flex Printed Circuit)

40.1 mm
<

I_____l I_ _____________________

l Customized

|
I Data Data Optical )
I @‘ @H Interfa;e Array Fl ber CODI‘I::'laon
ip
: ‘ (FEDA) (FEDI) (0AT) |.|- [

|
S (NS | MY CUNIRE RSP ISR B e 8 4

i Cable
—| Power Management (PAL) [ Power

Front End Board

I
I
| Supporting Structure
I
I
I

Optical converter 2nd aggregation board
Data link

Se,




New prototyping initiative

6
6

X [ mmmonNwgen a4 ER
= Cables /services become challenge for large oo ke W
tracking detector system B
* Material budget! - deteriorating momentum )
resolution ,_ ::
* Space, installation complexity =S A = RN W
* Power consumption Material budget splitup of ATLAS & CMS silicon trackers

. . -chi -chi -chi
= An approach towards less cables: Serial powering ‘ -.:p \ ‘ -..:p \ ‘ -..:p \
* As pixels increases by N ™ C:fp ’ LC:fp - C:fp_J

chip chip chip

* Parallel power (or +DCDC) by N2 module module module
* Serial power by N

= Adopted by ATLAS/CMS Phase II trackers

module module module
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Serial powering development

= Design of SLDO for 55nm process aiming
IP for integration into final chip

* CHiR1.0 already implemented two

» Demonstrator of multi-
module tests

* experience using
ATLASPix3 chips

/ SLDO Failure:
A current / undershunt

Digital current

Current §
Source

3 mm

Voltage (V)

Analog current
Tt
I‘"; LEMRE
LDO
Ish t Ico
N
DI il
Shunt B3R

IV Curves - 4-chip Serial Powering (Analog)

120 140
Current | (mA)
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https://indico.cern.ch/event/1634258/contributions/7124302/

Summary

= COFFEE series chips are developed for the LHCb UP and CEPC ITK
requirements, using advanced 55nm CMOS process in China

* COFFEE3 tests show readout architecture functioning for the fast readout
* First testbeams successfully taking MIP data

* Process limitation understood and modified — CHIR designed & back soon
* Aiming for a full size chip in 2028

= Detector system progress based on the COFFEE sensors

* UP to deliver TDR this year
* CEPC Ref-TDR published

* New development such as serial powering ongoing

Thank you for your time & collaboration welcome!
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