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Thanks for the discussions with Tianyang Wang@ LF-MONOPIX and Hui Zhang @ ATLASPIX
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> Q1: &FFEPHE, signalfllsensorZ|dcross-talkXHi& it 454 R9 8500 ;

IFFHV-CMOSK BB RIRNEE, HTERENEFEEMEsensorNZp, HESKEH, 8
L2 BB AMEES, Xsensorf=4Hit, BEEXMESHAR, —EeAXREHENEE
EEAEM OB, METCSTZA/NERAER, FHXEEMULA,
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p-substrate ‘\e p-substrate or p-epi.

- Large charge collection electrode - Small charge collection electrode
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Guard-rings

HV-CMOSTR M85 ;i F A ZREAY:

Mupix8 versus ATLASpix_simple

Pixel Periphery | e

MuPix8 1. %&Z—\i’ldl()de ’

BNMMRERIRI AT AR ERESIJEED: mini-cactus;
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mini-cactus: #=afdiode, FEFISMNE (reported @ CEPC workshop 2024.4)

Cross-talk )&

_TYPICAL WAVEFORMS OBSERVED DURING TESTBEAIVI
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= Ringing on
Digital Output
due to
coupling from
the digital
buffers
(known problem
from in-lab tests,
negative impact
- onTW
L corrections from
digital ToT)
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MuPix®%1: #RIMRE, tbRarEES5MNE

Signal Line Crosstalk - MuPix8
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* Point-to-point connection

* Capacitive coupling to
neighbouring lines
(increases with lenght)

* Crosstalk can induce additional
hits

> Not easily distinguishable from
charge sharing

> Additional Readout load

Signal Line Crosstalk - MuPix8
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triple crosstalk
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row / pixel

Triple Crosstalk:
hit induced in both neighbouring lines

row address,, ., ; [Pixel]

150

00
row address,

Routing Optimisation - MuPix10

Equalize but reduce crosstalk

- miminise the length that two line are
neighbouring

(V4 of total length, 2cm)

~12% triple crosstalk expected

Make Crosstalk easily detectable
- neigbouring signal lines are not neigbouring
pixels

Crosstalk can be removed, possibly already
during the data taking

Even more improvement expected for
MuPix11



ATLASPIXERF]: MFHE, HRBEGEN, BIISMFCH R
KITEVA O A EB537E0R A RPBE, A ARIERIT, B/ ERPHEIR e A

ATLASpix_simple B ITEIRL 2 [Ecross-talkf it 1k

Isolated PMOS Isolated NMOS
A B
otk sl i Note, discriminator
| i o Deep n-well S i
Collection electrode IS Implemented
in pixel!
NMOS discriminator
= g P-Substrate
LFEJ .?.Si Isolated PMOS Isolated NMOS
e
]:{ P-implant
Deep n-well
Collection electrode
IsoPMOS — CMOS discriminator
y £ P-Substrate
30 Vertex2019, 15. October, 2019

André Schoning, Heidelberg (PT)



RD50 MPWZ %I . LF-MonoPix&%!|: #iFm=, SEXNfmeiia® (FE-1349%0)

4

RD50-MPW3 noise hitmap UNIVERSITAT
i o Observation in LF-Monopix 1: LF-Monopix 2 with improved pixel layout:
Small cross-coupling signal No sign of cross-coupling coincident with R/O digital
- coincident with switching of READ inR/O switching while carrying signals from pixels across column
* Pixel matrix hitmap. ol _ Inj. Pix:[24,32] Mon. Pix: [24,70]
S0 Injection
+  No injected signal (only noise). i, gos
*  Chip default configuration. z J K f( \— Ampout
*  Threshold 300 mV above baseline (900 % e f
mv). g NS—=" :
- 0 i. — [Hit_Or ||
e Shutter window of 2s. :él \_/ .
+ Bottom part of the matrix is noisier. % — » e : B TOKEN
Pixel matrix noise hitmap g e FREEZE
* Confirmed by S-curves of pixels . - k] 4] READ
corresponding to different rows. - IR (o< <cv NIRRT TR R
* Noise coupling from digital periphery. fos Time stamp YOOOOO0O000000000
o o ) S s I
+ Digital ground shared by digital W - 0 [ —— 10 LE _
periphery and digital part of pixels. 5 i) | - :Z: Pixel on row 33 " e TE n
Ej : : ges Tok;n out | |_l|
* Simulation confirms that noise is G it ENC: 2398 e- 00 reeze 14
minimised by separating digital S | S Ao : T lomeww ¢ Read I -
periphery and digital pixel grounds. o of =411
con Amplse (i efecton Al (] From J.DINGFELDER, VERTEX, 2021

S-curves for pixels on row 63 and 33 for the same column.

From Zhang, 41** RD50 Workshop, 2022.

EHIET 3% Noise 15 | LF-MONOPIX1H &I T ¥ HMcross-talk, 7
LF-MONOPIX25{&1E (&3 iY FEFI AR Bi%it)

BERLYTE: HV-CMOSTE L, %=
NERELMNBFE, BRIIEH!




> Q1: XA RPHE, signalflisensorzidcross-talk¥ i it &R 8500 ;

L2

1R B RPHHFAZEHV-CMOSERERNENE XN E T FINEE R AR T TTHYEDL;

2. GRE AR ML RFNIRIT T UK E L8 (NMOS, CMOSSF, DLLF-monopix1/2891RIT45) |
3. WA RPHH M AT E AR ANBEELEM (by KE)

A BFRITBERREFERE, FEEENKRERT (Ssensorfy&EL, ®RITTELEGEKN, FTESHE NI
2% (LF-MONOPIX) MRITARERDHERE) , BFHEMRE D NEHERIE/ layoutik

5. K& layoutB ik R FEZE H BB AIAT[E) (2 month at least! For our case) ;

6. Coffee2MiIXIREF, WMREXIHBIL, EEFELEEMIRE, BEHEE, HZElayout;



> Q2: COFFEE-3it i R~ F% ik B #x;

Stepl. TR UES A

ZAllcoffee2 (Y EFRRN T,
1-2M"MPWH/NEFR, B
RTFRERRITHE

FEFIRF AYIER
Step2 YA EER, XARE1/4

NS
R, %
BRI

Step3. &R~

Final-design




> Q3: MHEMIRITIIEREIRF manpower?

wh e

Top integration & verification
Sensors & Guard ring
In-Pixel
Amps;
Discriminators,
Threshold tuning;
Test/musk structure,
Memories;
VCDL,

/. Fine-time stamp control unit;,
Pixel matrix (Double-column) :

1. Column-rain, Token-ring & fast or

2. --addr. /TS bits / readout method for minimize cross-talk
SenseAmp: at matrix bottom, for large matrix. See next slide
DLL:
Readout Control Unit: readout logic, 64b/66b, Serializer
Current DAC: spec. to be decided
Voltage DAC: spec. to be decided

R Ll A

. Configs.

. Slow control interface: 12C or SPI;

. LVDS: driver & receiver (1.28Gbps)
. PLL: for LHCb

Could have different flavors for Radiation
tolerance/Gain/power/timing - optimization

Pixel| |Pixel
col. || col.

Pixel

T 1

-

| Gray counter + Sense amplifiers + EoC logic |

Serializer +
output driver

H [ Col /Pixel config.| | DACs |
|

Config. registers _-||-—"

otfenip LT

Output data

R/O controller

Serial Config. data

Example: MONOPIX architecture



- EASFR H EYHFES, FRA,
{55 XsensorBy#L 30,
- #EfiNsense amp, RIUEEFINERREGANE

Why sense amp?

AP

A <3

>

SHRE;

EXIETTITRTER,

A IUARSE, BENEFbufferikz
matrix A 2%, BUBJKEBHIsense amp? f&]
EH KM AIHV-CMOSIE . Maybe

we could try in sub-matrix.
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FE output
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Time (ps)

VIV

o

Injected HIT pulses

TOKEN

bottom — top

FREEZE

READ

Data bus

NN -
o X Y W

,' m EH :H :H SenseAmp Vg1
[ ]

Latched data bit

MonoPix Xt F FEY G E



> Q4: —EZITHEHR (tbd)
& % Hallpix squared 5 EMIPS N B3 % F7ECOFFEE S B R A BB i AR AU B2 1550 by Z= K14

Seed pixel charge (coffeePixel)
seed_charge
5 Entries 2011
@ r Mean 2553
2 StdDev  2.022
{
2
2
1=}
i 5
£
z
20 H
M 0
H || . 0 2500 5000 7500 10000 12500 15000 17500 20000
> *EF %1%% EE:'IEI% Signal [e]
% RS a— Fig. 16.  ATLASpix3 tested in 3-GeV clectron beam. Signal s spee cetru
obtained by measuring ToT and by calibrating ToT with th J ctio uit.
By CERN seed charge [ke] High-voltage bias was —50 V.
B AR
COFFEE/L\H‘TEE-?ZE% ATLAPIX3ex il 1z gn

ZITERAFIREX:
> AREMERTREESEENSE . ARUEImRITT . NES2ZEEREMEIIL. TOTRIEXIESE
El. EEERERFNESES (TR, 3/)) , FEERF IR m LR SR HKE,
> ACOFFEE2E R ETRNFRMARBHFENRER: FERNKER, ANTERBELIZSH, HMUEHIR
REtREETENHESR,
> BENNTCADHEMEE,



> Q4: —Yi5I1THIEHR (thd)
€ RIELHCb UT AYhit densityitE L BN ITHAZRIN T TMH by skEE/E

A & E B ACEPC trackerFILHCb UTHZR A B ¥R, HEThit density73E LHCb UTHZRIiz X FCEPC
FI3ETR, BEWIESFIRHAOMELRZRES YU RmER, Kol MUSENTTE,

g )
s

/cm?/ BX

* The target luminosity for LHCb in
Upgrade ITis 1.5 x 10** cm™2 s7! which

_ Hits
3

represents a factor 7.5 increase compared

Y [cm]
/ cm?/ BX

to the current situation.
o S>UTHIE, thimlEH6 hits/cm?/Bx

* Recent update®*: &7 HNFZITEE

Hits

1075626 30 40 50 60
R[cm]
(d)

1

10" :

10°%""56 26 3 40 50 80

R[cm]

A TR B A= X

Peak luminosity (1.6-51.3-51.0)x10% o= 5" + RiF A RMEIMIR 2 EFERE FE Mdigital pile-up;
RS B35 2 5 14 2 4 hits/cm?/Bx - AEXRITEIRE SO REE
s C RENBRRIEE: readfSSEE. MK
“Jianchun Wang, “brief Introduction: scoping of the LHCb o HFEIBRADEALLTE: 6bit or 8bit in matrix

Phase Il Upgrade”, LHCb U2UT meeting, April 9, 2024
© BEFINEBIBERFFIFORE;

« SREHEZERFER



> Q4: —EiRiT4E4R (thbd)
© B RATFER . GENAN IR A AR by BB, TR

@i RRA NI EATI RN I BN S —, BN S EFE-BEMN— P TEMMEL B IR eg. 180nm
TT, mEARTHABCIDI% (40Mhz) TIFESOMW/em?: FRF% IHA55nm T2 T BA MRS L, B
BERGRNE SRR EEE

B BRI X

BIFERIE T RETR:

o FHEASSNnmM I Z 0] B & RN (B &
k%ﬂumﬁ,%ﬁéﬂ%ﬁmﬁ;
RS (B BT HI A8, BT

EE

> 10MEXIR A (URIhEER S nu
> 1 AHFESRE (coffee2d 2 [

BT
> 2 A BEREREIT

HE'JHT%FPE}IXZJJ EﬁcﬁTs,b\z)%%Eaﬁ =)
H—ERAT D AN IThFE

> 3-10AVerilogfT AR IR AELR, nu 1. R+ LR AR+ R T RDAC, i ke = P N .
> AMEE (TRBTRIEIRGIE | S G - FERBPEHEBEETSTIBIERIZFM,
TR EERTREETEE A o GSiEre Eon e W R EHEFIEIR A B B TS, AR
= . 4. = ; IC, N
EERERID EN TR, AN AR R =B L T 17T AYAURD B £
4 B .
EN Z: T e A, BEHELMRE
. ZHAY (8] g gk HUFE ;
] R jitter, zim RSB BRI AR
"“’%] ‘control unit 10. P £ R R PSR R AR E IEj #:F* }%FZ_W (<3n5)

#(E: COFFEES AT /T RITRWIE 4.1
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