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Monopix:

ERRmRIAZHIMAPSE A Zxazes

MAPS: Monolithic Active Pixel Sensor = f5/%2% + 152 H 5. B%

MIMOSAZ28 for STAR-PXL

(led by Strasbourg)

Flrst MAPS based vertex detector

STAR ALICE-LHC BELLE Il ATLAS HL-LHC ~ 2025
Upgrade Outer Inner

ALPIDE for ALICE-ITS MIMOSIS for CBM-MVD MuPix for Mu3e
(led by CERN)

ALPIDE

Fluence [n,,/cm?] 1012 1.7x108 7 X 101% ~5 X108 1012 101> 2x1016
TID [Mrad] 0.2 <3 ~5 ~10 0.4 80 > 1000
Required timing ~ 200 ps 20 us ~5us ~ 100 ns O(1 ps) 25 ns 25 ns
Hit Rate [kHz/mm?] 4 10 700 (peak) ~ 1000 250 1000 10 000
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LF-Monopix £ %]

KSR BT — tRER R SRS LF-Monopix1 LF-Monopix2

Electronics (full CMOS)
P stop PM_OS NMOS P stop

-—-—'

deep nwell

......

P-Substrate

v Pt
LFoundry 150nm CMOS . 2 - Pixel size: 50pm X250um - Pixel size: 50pm X 150pum
- VRPH + IENFE - Chip size: 10mm X 10mm - Chip size: 20mm < 10mm
- HFEPHE (> 2 kQ-cm) - Integrated column drain R/O - Optimized pixel design
- HBiR7E4E - Submitted in Aug. 2016 - Digital-on-top design flow
Irf - Submitted in May. 2020
‘ In!titugt; r[éflﬁrft?eclay
UNIVERSITAT sur les lois fondamentales

de I'Univers
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Columr;'élata bus

HEALLETI% . CSA + Discriminator
- 25ns time walk, ~ 20 pyA/pixel, 4-bit threshold tuning
“arER” B g => M RGE, IRE TR
- BT ATLASHIFE-I3:E:

8-bitf A& @40MHz (6-bit for LF-Monopix2)
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I TR TE AR R

(24 bit)
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Normalized ToT distribution for different X-ray targets

Pz
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"]
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X TID & 7 = £ 100MRad

A 2 FE TIDAZ 1, - LF-Monopix1

1.20
—m— CMOS CSA + V1 Disc.

1.151 —#— NMOS CSA + V2 Disc.
E —&— NMOS CSA + V1 Disc.
N 1,101
2
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Z
< 1.001 w
©
[G]

0.95 1
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0 103 102 107! 10° 10! 102
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I 7 FETIDAZ 4L - LF-Monopix1

—=— CMOS CSA + V1 Disc.
0.0137 _4— NMOS CSA + V2 Disc. L 220
—&— NMOS CSA + V1 Disc.
0.0121
— L 200 —
2 9,
% 0.0111 O
g +180 2
0.0101
160
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-140
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0 103 10-2 10! 10° 10! 102

e BRI B @ 1 X 1015 n, Jom?

Hit and In-time efficiency for LF-Monopix1 (1x10%ng,)

1.000 - %
° ¢ { *h
0.975 1 U M
\
A N I 7 S S N S . £
20.925 1
Q '_\'\‘ ""\‘ Ny,
S| A RIMBCE vs i E HE
(1 X108 n,/cm?)
@ Hit Eff. NMOS+V1
08507 A In-time Eff. NMOS+V1
08254 - "

80 90 100 110 120 130 140 150
Bias [V]

& F: 100 ym LF-Monopix1

fmEHE: 150V (100 pm 43D

MR 99.41% ( 4E 41 H799.61% )
In-timeiRMZLE (25ns) : 96.73% (GEHTRT97.42% )
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+ LF-Monopix2 E£&LELF-Monopix1 EiFHIRT a5 #EiERE
- FHITHRFESL, FitE/DARSSLF-Monopix1 [BEFRIESTERE

LF-Monopix2 Time-Walk (M1-4)
In-time hits: 99.31%

O EE: 100 um it Detection Eficiency: 99.51% - - 10°
fmE . 60V (100 pm &FE/2) = . 5 ol
B{H: 22364102 € g ——
BRI 99.51% F " S T

In-time®MAE (25ns) : 99.31%  ° ° “wames 7 0 N,

0 100000 0O 20 40 60
Counts ToT [40 MHz Clk]

Number of Hits

10°
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LFPassiveit i : {EREELEMISLF-Monopix2&LIfY "#a1=l" (EREE S H
— BEHKIZT (CMOS stiching)  — °siop
— WATLASSCMSEE/EAHL-LHCH R FIE
— REBBTERIZEREE (FBK, Hamamatsu) HIMERE P-substate

v
— JUABEIEES] > 2 x 107 n.o/cm? => LF-MonopixB 2R & RFEaE
: e e T T o et N Etflicie;ncy after n1|as[<inq of dgaq and noisy pix1els‘ ' :
e B L & :ﬁ\ 1: A. Cassese, iWoRID 2022 |
e o e 1? I —————
£ o8 ,},:’-”’;/ ’ \ :

g [ ,f"/‘ - [ . _
g 7 2X10% ng/em? !

12D6512: 25x100 DC, 1.0x10" neq.cm*2, DESY

96} /’I : 14C4512: 25x100 DC, 1.2x10' neg.cm*?, SPS
[ 4 —— 12D6S12: 25x100 DC, 2.0x10" neq.cm-2, SPS
[ - 12D6S12: 25x100 DC, 2.0x10"® neq.cm™?, SPS
951 i —- 9 tency
[ #
RN 34
G 4em X 4em 30 @0 @0 500 550 600
%24/ 50 pm X 50 pm -

25 um X 100 ym
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TJ-Monopix £ %]
/NEREIT TR - K. MEE TJ-Monopix1 TJ-Monopix2

Electronics (full CMOS)
PMOS NMOS

Low dose N implant
Depleted boundry

P" Epitaxial layer
Towerlazz 180nm CMOS T % - Pixel size: 36 um X 40 pm - Pixel size: 33 pm X 33 pm
vt - Chip size: 10 mm X 20 mm - Chip size: 20 mm > 20 mm
- RN/PIE -
N - 6-bit time stamp - Improved AFE
- RPHANE R - Submitted in July. 2017  7-bit time stamp
- 6ELEE - Submitted in Sep. 2020

A PLRE il A 3 HEA

- modified process by CERN & Towerlazz " @

UNIVERSITAT
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DR HEBE
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— N
1 S SRl 1 X105 n g /cm?
. N gap Electrostatic potential: )
_ PMOS NMOS . T 30um Epi: 98.2 % 30um Epi: 87.1% @ TH=500e"
70 T 100.0 a8 = 100.0
: 87.5 : 87.5
Low dose Nimplant 60 ; 60 !
98.31% : 98.25% 75.0 I 95.01% . 75.0
P Epitaxial | ) i 625 i 625
pitaxial layer Ta0 9 a0
ngap . 982% [ F'R87:4
230 : s ap . 375
1 1
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PMOS NMOS 10 i 125 10 : s
> @ > u = >« 1
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Low dose N implant
300um Cz: 99.2 % 300um Cz: 98.6% @ TH=490e-
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e b 60 I 87. & ] 875
- k 2 0 1 9 24% | 75.0 99.20% i 99.12% 75.0
M. Munker, * ; % i
3. Hi-R Cz substrate + 1 or 2 Cz+ i : o o
PMOS NMOS 3 [ 99‘1'”2 e 0 . 98{6‘ ““““ 5
5. | 375 i 375
e T deepp .\ 0] [=] I N, i e |
1 ]
Low dose Nimplant 10 E 125 10 i 125
1 1
E }g‘ E/‘J &@}%‘ - > Eﬁ E‘/‘J ,f_é‘ _l%" °C 10 2 3ommr:§[um]so @ 70 s ° °c 10 2 3'umlu':lno[um]sb o 70 a0 O°

Hi R Cz substrate
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BARTCMOSRERNEEFNASTIES. SREHSFARARE
MonopixZA S HSEIEE R ITRIRERNEECH => FFSATLASIEIRS
- ’Ef%iitlﬂ@’?’é

10"°n,,/cm? & 100MRad
= 25nsHj‘|Eﬂ bk

LF-Monopix: #ERRIIESTMERE, B2 x10'° n/cm?
TJ-Monopix: EEFXITE45; J?—?—*I]%ﬁ%ﬁ =SKAYNZFH, WIBELLE I

A |
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AN SYEEN T A N A RIS : PINIEL

Electronics (NMOS only)
NMOS

R. Turchetta, 2001 C Electronics (full CMOS) Electronics (full CMOS)
G. Rizzo, 2006 Nwmos PMOS NMOS |. Peric, 2007 PMOS NMOS
deep nwell deep nwell
P" Epitaxial layer f *
P-Substrate ; /P " P-Substrate : /P "
Electronics (full CMOS)
Jamie Alexander Ballin, 2008 PMOS NMOS
: T. Kishishita, 2015 Electronics (full CMOS)
E z E/] ’f% %lz P stop PMOS NMOS P stop
= o el
2 FLEG Th e P Epitaxial layer =
SR AT TS + 5 ol B
Enrico Giulio Villa 2003@ _ P-Substrate B s
’ Elect full CMOS ¥
W.Snoeys, 2017 S OMOS NWOS

Low dose N implant N !
Depleted boundry F

B¢ 2
éﬁ@ﬁ@@; P Epitaxial layer

(K

RUUBATRE ). RIE => FR + R BRI ae

DMAPS: Depleted Monolithic Active Pixel Sensor
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