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e Schedule of the HL-LHC

 The current Inner Detector and the ATLAS ITk Pixel
upgrade

e R&D On Pixel Mechanics and Services
e The RD53 Collaboration

 R&D on pixel sensors and modules:
* Bump-Bonding
* 3D sensors
* Planar sensors
* An alternative option : CMOS
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"~ End-cap semiconductor tracker

Current ATLAS Inner Detector

HL-LHC scenario implies significant changes that
affects the Inner detector w.r.t the current design:

« Peak luminosity: 5-7 x 1034 cm?2s' ~ x 5-7

* Average pile-up: up to <p>~200 ~x 8

* Integrated luminosity: 3000 fb-! ~x 10

» required radiation hardness: 2x10% n,,/cm? x 20

Same or better performance are
expected from the Inner Detector
in Phase-ll, in order to achieve this
goal, several aspects are
considered :

* Higher data rate capabilities for the
sensor readout and stave services

* Smaller pixel segmentation to reduce
misidentification and provide better
tracking in dense environment

* Increased radiation hardness of the
sensors w.r.t. to current technology

* Increased tolerance to SEU and TID for
the readout electronics

ATLAS ITk will implement an all Silicon tracker :

*  65nm readout ASIC with 5Gbps maximum data
rate (RD53)
Radiation hardened pixel sensors in 3D and
planar technology with small pixels

* New mechanics layout to increase Eta coverage
and minimize material budget and optimize
sensor cooling power

TIPP, 22-26 May 2017, Bejiing, China 4
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The layout of the ITk Pixel detector is currently under study by the Layout Task force to
identify the final layout to be implemented among the one under study by the
community, with different barrel and disk geometry and different Eta coverage.

See : Design of the new ATLAS Inner Tracker for the High Luminosity LHC, Jike Wang
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The layout of the ITk Pixel detector is currently under study by the Layout Task force to
identify the final layout to be implemented among the one proposed by the
community, with different barrel and disk geometry and different Eta coverage.

See :

* Design of the new ATLAS Inner Tracker for the High Luminosity LHC, Jike
Wang

Je eta

_!ncl;:ne * Expected performance of the ATLAS Inner Tracker at the high-luminosity
incl LHC, Jason Dhia MANSOUR
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Technology

Detector capacitance
Detector leakage
Detection threshold

In -time threshold

Trigger rate

Digital buffer

Hit loss at max hit rate (in-pixel pile-up)
Charge resolution

Readout data rate
Radiation tolerance

SEU affecting whole chip

Power consumption at max hit/trigger rate

Pixel analog/digital current

Temperature range

for HL-LHC will be submitted imminently

65nm CMOS

50x50 um?

192x400 = 76800 (50% of production chip)
< 100fF (200fF for edge pixels)

< 10nA (20nA for edge pixels)

<600e-

<1200e-

<10°®

< 3GHz/cm? (75 kHz avg. pixel hit rate)

Max 1MHz

12.5us

<1%

> 4 bits ToT (Time over Threshold)

1-4 links @ 1.28Gbits/s = max 5.12 Gbits/s
500Mrad at-15°C

< 0.05 /hr/chip at 1.5GHz/cm? particle flux

< 1W/cm?including SLDO losses

4uA/4uA

-40°C + 40°C

The RD53 collaboration is developping the tools and designs needed to
produce the next generation of pixel readout chips needed
by ATLAS and CMS at the HL-LHC. The first prototype of a readout ASIC

Increased radiation hardness using 65nm technology

First time using a fully synthetize digital part in a "sea of digita
Smallest pitch for hybrid LHC application so far , 50x50um?,
possibility for 25x100um?

Shunt LDO implemented for compatibility with Serial Powering
Highest data rate achievable per ASIC : 5Gbps

TIPP, 22-26 May 2017, Bejiing, China
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III

For ITK, the baseline is to rely on “traditiona
bump-bonding, however new challenges emerge :

* 50x50 um? pixels, same pitch as before but 5
times higher density

* Larger ASIC wafer size (12”)

* Larger sensor size (" 4x4 cm)

* Thinner ASIC and Sensors (<150 um)

Work is ongoing to qualify bump-bonding for Itk
pixel detector :

*  Dummy wafers with Daisy chain to test the
process at high-density, yield

* Stress-compensating layers or handling wafers
to cope with thin assembly bow

e Evaluation of Bump-deposition vendors on

12”wafers

* Evaluation of UBM deposition by sensor
vendors

e Evaluation of in-house flip-chip of modules for
cost-saving

* Evaluation of alternate bonding methods
(Indium, wafer to wafer bonding)
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B passivation

For the HL-LHC ITk Pixel detector B et
"1 oxide
upgrade , the 3D sensor technology, ~ pspray
originally developed and tested in the :"'S‘
n'Si
ATLAS IBL are the prime candidates
. Standard FE-I4 50x250 pm?2, 2E
for the inner layer where extreme 250 um
radiation hardness is required to o pr——
. Al connection column =
survive the dose foreseen. s
L,=67 uym ° )
: i IBL g
The main Cha”enges for this Recent results with 3D sensors, AUW

technology are the following :
* Smaller pixel needed (50x50 or
25x100 um?)
* Column themselves are not
efficient
* Thinner sensors considered
(<150um)
* Lower signal
* Lower occupancy

TIPP, 22-26 May 2017, Bejiing, China

50x50 pm?, 1E 25x100 pm?, 2E

50 um

o
)
o

dwng —

. o .
WEBEM TR

Beam test measurements of irradiated 3D

pixel sensors with 50x50 um? pixel size,

D.Vasquez, Trento 2017

partcle

11

vogudep



atLAas  Pixel detectors : 3D Sensors

EXPERIMENT

Small pitch Sensors Were (3‘ :I T T | T T T I T T T | T T T I T T T | T T T [ T T T | T T I:
. . . o 1 —]
investigated in test beam before 2 p .
and after irradiation up to 1.4e16 o 09F 3 -
ne,/cm?, showing excellent T - 3 i
. . . 0.8 = I
detection efficiency . Power - w .
dissipation has been investigated 0.7E -
for the new prototypes - .
0.6 &= 250x50um?  -m- 100x25um? - @ 50x50um? ]
In both case they perform similarly . g 05/  Threshold =1500e ToT = 10BC/10ke e
or better than the IBL generation S I O N B N B B
. 0 2 - 6 8 10 12 14 16
equivalent
HV (V)
Different 3D Geometries, 0 ° tilt

Power dissipation 1.5 mW/cm? at 5e15 > 180 A ! ! ! ! ]

Neq/cm?2(vs 3.5 mW/cm?2 for IBL generation) £ 160 —

5e15 neq/cmzp (KIT), -25 C, 1 week@RT anneal. > 140 :_ o _:

E 7781-W3-C1, 50x50 1E v - C _

§ e erweca s 1 120 __ S __

£ C F 7

§ 14ff —=— stana. FE1s ONM34, 50250 2 100 — ]

L g w0 i :

? 10 [ f/ 1 —&—— 50x250 2E, KIT, 1.5ke’, CNM34 |

% 8 60F iy —=— 50x250 2E, PS, 1.5ke’, CNM-NU-1 |

& 6 C f —e— 50x250 2E, PS, 1.5ke’, CNM-NU-2 3

40 - L “ —&—— 50x50 1E, KIT, 1.5ke, 7781-W3-C1 —

4 - : ) —%— 50x50 1E, KIT, 1.5ke, 7781-W5-C2 |

2 o0 = - —@— 50x50 1E, PS, 1.5ke’, 7781-W4-C1 ~ —]

05 SR ‘160‘ — ‘15;0‘ — ‘2(1)0‘ it ‘25150‘ — L e @ 50x50 1E, PS, 1ke’, 7781-W4-C1 .

Reverse bias voltage (V) ob ST S TR A S L

0 2 4 6 8 10 12 4
Beam test measurements of irradiated 3D pixel Fluence [10"° neq/cmz]
sensors with 50x50 um? pixel size, D.Vasquez, TIPP, 22-26 May 2017, Bejiing, China 12

Trento 2017



atLAas  Pixel detectors : 3D Sensors

EXPERIMENT
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atLAs  Pixel detectors : Planar sensors

EXPERIMENT

For the HL-LHC ITk Pixel detector upgrade, the
Planar sensor technology, used in the outer layers of
ATLAS Inner Detector and IBL are the prime
candidates for the inner and outer layers.

The main challenges for this technology are the

following :

* Low-Cost for the outer layer where a large
amount of modules are needed

* Large area as Quad Assemblies are foreseen to be
used in Itk

> Yield improvement needed

* Smaller pixel needed (50x50 or 25x100 um?)

* Punch-Through structure, needed for
improved yield is creating inefficiencies

* Bias line steal signal after irradiation

* Thinner sensors considered (100-150um)
* Lower signal
* Lower occupancy

» New improved design

B ]

T

FEI4 small
pitch

Quad PT Quad PT
standard standard

Quad
common PT

standar

Pixel

2 collection

‘ ‘ diode

. Competing
diode for

charge
collection

Pixel and Punch-Through structure design for

50x50 um? pixels



atLAs  Pixel detectors : Planar sensors
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CiS-4 n-in-p production FEI4 (250x50 um? pixels) was the only
available ASIC for testing smaller pitch

device, several structure were adapted
to the FEI4 to allow small pitch studies
and extrapolate to the performance
expected with the RD53 ASIC
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. = . 150
0 205 210 215 220 225 230 235 240 245

200
Long Side [uml Long Side [ul

150pm thick sensor, irradiated to 3x10'° n,,/cm?

250 Thin planar pixel sensor productions at MPP for the
m ATLAS ITk, A Macchiolo, Trento 2017
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When assembling large area sensors, yield is - . o
. .. 07? * | —— KEK109RJ3 th3000 float typeS 1000V
an important parameter. The biasing - $
L. L ¢ | —* " KEK111RJ3 th3000 float type6 1000V
structure on the sensors is important to o5l R T
identify good sensors before the bump- - %: —— KEK108RU1 13000 ot ypet 1000V
bonding This structure can lead to efficiency ] P S
loss after irradiation and careful optimization Long sidefum]
of these structure is ongoing to minimize this
2
Latest results from development of n*+-in-p planar pixel sensors and Proton Irrad 3x1E15 1MeV neq/ cm

LGAD devices by KEK/HPK, Y. Unno, Trento 2017
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atLAs  Pixel detectors : Planar sensors
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FEI4 (250x50 um? pixels) was the only

available ASIC for testing smaller pitch
device, several structure were adapted
to the FEI4 to allow small pitch studies
and extrapolate to the performance

. pxnected with the Rl A

See : br the

* Pixel Detector Developments for Tracker Upgrades of the High Luminosity
LHC, Marco MESCHINI

CiS-4 n-in-p production

Short Side [um]
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——— 08— N
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. . . S ¢ | —— oat type
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loss after irradiation and careful optimization Long sidefum]

of these structure is ongoing to minimize this
Proton Irrad 3x1E15 1MeV n,,/cm?

Latest results from development of n™+-in-p planar pixel sensors and
LGAD devices by KEK/HPK, Y. Unno, Trento 2017
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Planar and 3D technologies relies on Passive High-

Resistivity sensors * .D. 4 k-

Specialty foundries -> small production capabilities

(6” wafers) ~ Sensor FE chip
high-cost per unit Chip to chip
Small signal -> requires micro-soldering for DC coupling -> l bump bonding
large cost
~100 trans./pixel g ~100M trans.
CMOS Technology present many advantages *‘D‘ _D_ _D_ » * 'D' _D_
Large scale, low-cost production possible
In-Pixel amplification and logic possible (Well insulation Erl:g;; | | FE chip Diode + Amp + Digital
Wafer to wafer

Capacitive coupling to readout CMOS ASIC
Eventually, possibility to integrate full electronics in-pixel

bonding

§, g 1 g B FE-14 telescope - SPS data 2016 (=x*, 180 GeV)
> 80 FE-14 telescope - SPS data 2016 (x*, 180 GeV) - N AMS-H18, CCPDv4 samples
8 o AMS-H18, CCPDv4 irradiated samp]es 8 R 10]0] e T T
- () - = 5
g 70- g ™ . —-
£ F 5 el
W 60 :_ ........ L T o T |ty Ml [P
50 E o e 1.3 - 10" n,/cm?, proton - HV = 85 V - Th. = 0.07 V -
E 5-1014neq/cm2, proton - HV = 60 V - Th. = 0.09 V 60_— ........................................................ SSSS—
il L HV
40¢ —— 10" n,/ecm?, neutron - HV =85 V - Th. = 0.08 V B o v
30 = 15 2 40— . —e—— nonirradiated - Th.=0.07V ...
e | 5-10"” n,/cm®, neutron - HV =85V -Th. =0.1V N / - 1.3-10" neq/cm{ proton - Th. =0.07 V
20F- ool /. —*— 5:10"ngfem® proton-Th.=0.09V
Coie -/ ——%—— 10'"° ngfcm?, neutron - Th. = 0.08 V
[ H — A
10 & . - —6&— 5-10" ny/em?, neutron - Th. = 0.1V |
obLl N I B A A "% 20 40 60 80 100
0 6 8 10 12 HV [V]

14 16
BC [25 ns]

arXiv:1611.02669, M. Benoit et al. TIPP, 22-26 May 2017, Bejiing, China 17
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o |
‘LFHVMAPS FEI3

e s ® gme U ssm—n g e e Y sy Y ow—""

_CPI monsraor (VA) MonoPix Demonstrator
NWELL PMOS NMOS

speps DIOOE spegg  TRANSISTOR, TRANSSTOR o CMOS pixel development for the ATLAS

o experiment at the HL-LHC, Branislav
Ristic

« Capacitively Coupled Pixel Detectors:
From design simulations to test beam,

Mateus Vicente
TIPP, 22-26 May 2017, Bejiing, China 18
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atLas - Perspectives and Conclusion

EXPERIMENT

ATLAS Itk Pixel project propose an ambitious upgrade of the current ATLAS Inner Detector and is
moving towards the TDR at the end of 2017

» Peak luminosity: 5-7 x 1034 cm2?s1 ~x 5-7

* Average pile-up: up to <p>~200 ~x 8

» Integrated luminosity: more than 3000 fb' ~x 10
 Requested radiation hardness: 2x10' n,,/cm? x 20

All system aspects are being addressed to cope with the new conditions and deliver an

excellent Pixel detector for the Phase Il of HL-LHC

* Mechanics and services are being optimized to offer better n coverage, lower material
budget and more space points per track

» A new Readout ASIC is being developped to cope with the increased data rate, smaller
pixel pitch and higher radiation dose

« Multiple sensor technologies are being studied to cope with the conditions at the different
radii of the ITk Pixel detector

« Cost reduction strategies are being investigated for interconnect, sensor technologies and
assembly process to cope with the large scale production needed for this project

Thank you for your attention |

RIS R 5
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ATLAS

EXPERIMENT

Pixel Mechanics and Services

The layout of the ITk Pixel detector is currently under study by the Layout Task force to
identify the final layout to be implemented among the one proposed by the
community, with different barrel and disk geometry and different Eta coverage.
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; . - ; ~— [ T T ‘ T T T T [ T T T T o
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*  Pixel innermost detector replaceable.
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atrLAs  Pixel Mechanics and Services
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Forward Region

The forward region will be consist of four

layers of ring located a different radii and z

* Compared to disk, ring offer more
flexibility for maintaining hermeticity

* Eachring consists of a carbon core
containing cooling and electrical

Foam Core

. Locators._
services.
* Rings are built out of two half-rings, for
ease of construction
. Cooling Pipe
e  Modules are mounted on both sides of grip
each ring to allow overlap ,Bus Tape
— S . ) \
E 1400 ATLAS ITk Simulation —| onSkin ——
E [ STEP1 Layout concept: Fully Inclined 4.0 ]
1200[— n=1.0 ]
C ] End Closeout
1000} =
800_— n=2.0_:
600 —
400 —
E [ S B NN R n=30]
200: lllll“i [ il II | II II : _4;
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atrLAs  Pixel Mechanics and Services
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+ Demonstrator program : Evaluation and validation of a complete
SLIM Longeron
. mechanical integration, DCS + serial powering, multi-module
readout, electrical and thermal performance, system-test
+ SLIM Layer 2+3 longeron (1.6 m)
* 4 cooling lines:
*  One cooling line equipped with electrical modules
*  The rest with thermo-mechanical dummy modules (with

heaters)
. Dedicated stave-flexes for either electrical or dummy
modules

»  Serial powering scheme, stave-flex running inside longeron

*  PSPP chips and DCS controller emulator (FPGA) at both ends
. Multiple readout systems

* (O, Cooling

Serial powering scheme

Cable Fouting and connectics

= HV
Assembly jig design > Readout
ISP
- To DCS
compuler
DCS power
H Cooling pipe
Twinax
O Q0
28 AWG 30 AWG 34 AWG
(6m) (1m, 3m, 5m, 6m, 8m, 9m)  (1m, 3m, 5m, 6m, 8m, 9n
Twisted Wire Pair (TWP) Unshielded TWP
=
Hybrid Coaxial /
Cell integration @ Ny il !
SImAASTRE L e AT (im.sm) . - . .
TIPP, 22-26 May 2017, Bejiing, ChiHa DCS Chip testing fdserial

Data transmission scheme powering



atLas  Pixel detectors : CMOS Sensors

EXPERIMENT

ams 0.35 um/180 nm LFoundry 150 nm
Key features: | Pixel i | Pixel i1 Key features:
- Technology node 0.35 um/180 nm oS - Technology node 150 nm

| Cosus_omwen

- Wells Deep p-well (PSUB) to isolate n-wells I? w non-negligible
from deep n-well (collecting electrode). | :
Full CMOS electronics are possible in [} :

the sensor area.

- Wells No possibility of isolating n-wells from
the collecting deep n-well. No CMOS
electronics in the sensor area.

Can induce cross-talk.

- Metal layers 4/6 144m @ 100V (1080¢) - Metal layers 6

- HR 20 (standard value) — 1k Q-cm (since 2015/6) Depleted ] - HR 10 Q-cm — ~4k Q-cm :::‘L_we”

- HV -150 V<HV<O0OV ° - HV -120V<HV<O0V —1

- Depletion region 140 um thick P-substrate Not depleted - Depletion region ~170 um thick @ -110 V () deep N-well

- Ba.ckside biasing Not possible 1. Peric, NIMA 650 pp. 158162, 2011 - Ba.ckside biasing Poss!ble (G very deep N-well

- Stitching Not possible - Stitching Possible P. Rymaszewski, JINST 11 C02045, 2016
Prototypes: Prototypes:

- ams 0.35 um - Initial R&D developments, H35CCPDv1-2, H35DEMO, HVStrip, CHESS1-2 (strips) - CCPD_LF (VA/VB), LF-CPIX Demo. (VA/VB), MonoPix Demo., COOL, LF_ATLASPix, LFHVMAPS_FEI3

9.5 mm 9.5 mm 10 mm

E
E
o
-
MonoPix Demonstrator J LF_ATLASPix;
A e 2

- ams 180 nm - CCPDv1-8, CLICpix=CCPDv3, C3PD, MuPix1-8 (Mu3e), MuPix8/ATLASPix,‘{l §
_ =mTf |

‘ LFHVMAPS_FEI3

X FE-14 telescope - SPS data 2016 (x*, 180 GeV) T F —
3, AMS-H18, CCPDv4 samples > 80F FE-14 telescape - SPS data 2016 (", 180 GeV)
S 100 L4 e E AMS-H18, CCPDv4 irradiated samples
S [} =
TowerJazz 180 nm e r //PV . 2 70¢
W 8of- § % - o 6o |
Key features: NWELL PMO: NMOS - _g [ - 50 E ] e 1.3 - 10" n,jJem®, proton - HV =85 V - Th. = 0.07 V
- Technology node 180 nm = bt g TRANEISTOR, TRANSISTOR 60 g ;;@’ g -=++ 510" ngfem?, proton - HV = 60 V - Th. = 0.09 V
- Wells Deep p-well to isolate n-wells from C g 81 82 &5 84 W o 40 10" ? _HV=85V-Th.=
pp L HV V] E 10 n,/om?, neutron - HV =85 V - Th. = 0.08 V
p-epi layer. Full CMOS electronics 40— . ——e—— nonirradiated - Th. =0.07 V . 30 510 n,/om?, neutron - HV =85V - Th. =0.1 V
are possible in the sensor area. L 14 2
[ —=— 1.3 10" ngi/cm®, proton - Th. = 0.07 V
- Metal layers 6 r 4 A
- Gate oxide 3 nm (good for radiation tolerance) 20 | * 5 '110 Neg/cm”, proton - Th.=0.09V
_HR 1k — 8k Q-cm : r ——¥—— 10'"° ng/em?, neutron - Th. =0.08 V
~ HV 6V<HV<OV - .'; P~ epitaxial L - 5-10'5neq/cm2.neutron-Th.=0.1V [ AR UR R R |
i i J p substrate ol—L . L 5 159476
- Epi-layer 18— 40 pm thick T) standard Particle hit 0 20 40 60 80 10 BC [25 ns]
- Backside biasing Possible D. Kim et al., JINST 11 C02042, 2016 HV [V]
- Small n-well diode - low sensor capacitance (~5 fF) = higher gain,
. . . TRANSISTORS
better SNR, faster signal and potentially lower power consumption Sooe oe s
CERN-TJ modified process: B o ™ wu
- Normally, small electrodes produce weak fields under deep p-wells DEEP PWELL Fluence [neq/c Average Hit Efﬁciency
and signal collection after irradiation becomes difficult on edges
(efficiency drop towards pixel edges) N 13-1014 08 1%
. 17
- CERN-TJ = Add planar n-type layer to significantly improve lateral
depletion and charge collection after irradiation. Implemented in . 14 o,
Investigator test chip. . 5 1 0 99 7 /O
P CERN-TJ modified
Prototypes: H. Pernegger, Trento Workshop, 2017 1 . 1 015 99 7%

- ALPIDE (ALICE upgrade chip), MISTRAL, ASTRAL, CHERWELL, Explorer, Investigator, MALTA, MonoPix

- 15 -
TIPP, 22-26 May 2017, Bejiing, ina 97.6% 24



ATLAS

EXPERIMENT

ams 0.35 um/180 nm

Key features:
- Technology node 0.35 um/180 nm

| Pixel i | Pixel i1

PMOS.

- Wells No possibility of isolating n-wells from
the collecting deep n-well. No CMOS
electronics in the sensor area.
Can induce cross-talk.
- Metal layers 4/6 14 4m @ 100V (1080)
- HR 20 (standard value) — 1k Q-cm (since 2015/6) Depleted ]
- HV -150 V<HV<OV °
- Depletion region 140 um thick o Not depleted
e e L Peric, NIMA 650 pp. 158:162, 2011
Prototypes:

- ams 0.35 um - Initial R&D developments, H35CCPDv1-2, H35DEMO, HVStrip, CHESS1-2 (strips)

- ams 180 nm -> CCPDv1-8, CLICpix=CCPDv3, C3PD, MuPix1-8 (Mu3e), MuPix8/ATLASPix

Towerlazz 180 nm

Key features:

- Technology node 180 nm Sgepe

eS|

MuPix8/ATLASPix

NWELL
DIODE spacin,
e

PMO! NMOS
TRANSISTOR , TRANSISTOR

- Wells Deep p-well to isolate n-wells from
p-epi layer. Full CMOS electronics
are possible in the sensor area.
- Metal layers 6
- Gate oxide 3 nm (good for radiation tolerance)
- HR 1k -8k O-cm
- HV -6V<HV<OV
- Epi-layer 18 — 40 pm thick T) standard

p substrate

Particle Mtj

- Backside biasing Possible
Small n-well diode - low sensor capacitance (~5 fF) = higher gain,
better SNR, faster signal and potentially lower power consumption
CERN-TJ modified process:

- Normally, small electrodes produce weak fields under deep p-wells
and signal collection after irradiation becomes difficult on edges
(efficiency drop towards pixel edges)

- CERN-TJ = Add planar n-type layer to significantly improve lateral

depletion and charge collection after irradiation. Implemented in
Investigator test chip.

Prototypes:

D. Kim et al., JINST 11 C02042, 2016

TRANSISTORS
NMOS  PMOS

P CERN-TJ modified
H. Pernegger, Trento Workshop, 2017
- ALPIDE (ALICE upgrade chip), MISTRAL, ASTRAL, CHERWELL, Explorer, Investigator, MALTA, MonoPix

LFoundry 150 nm

Key features:
- Technology node
- Wells

- Metal layers

- HR

- HV

- Depletion region
- Backside biasing
- Stitching

Prototypes:

150 nm

Deep p-well (PSUB) to isolate n-wells
from deep n-well (collecting electrode).
Full CMOS electronics are possible in

Pixel detectors : CMOS Sensors

Cosun_onwew

B il = -
| non-negligible

the sensor area.

6 Top view of single pixel
10 Q-cm = ~4k Q-cm ’ \
-120V<HV<O0V

~170 pm thick @ -110 V ‘
Possible
Possible

' (D) deep N-well
very deep N-well

P. Rymaszewski, JINST 11 C02045, 2016

- CCPD_LF (VA/VB), LF-CPIX Demo. (VA/VB), MonoPix Demo., COOL, LF_ATLASPix, LFHVMAPS_FEI3

9.5 mm

9.5 mm

IX Demonstrator (VA)|

.TiD irradiation with X-ray

06 Linear short (0.9 um)
Linear long (1.5um) 50 Mrad
ELTs 7

107 10! 10° 10} 107
IO [Mrad]

Chips functional after irradiation,
but with 20-30% less gain

MonoPix Demonstrator

— 10 mm —
—— 10 mm ———

Neutron irradiation at Ljubljana + e-TCT

1205— Preliminary!-
“LFoundry

FWHM (um)

®
(=]
]
1. Mandic, RD50 Workshop, 2016

Full symb. no 8P
Empty symb. BP

B 20 40 60 80 100 120 140 160 180 200

Bias voltage (V)

T. Hirono, arXiv:1612.03154, 2016
T

TIPP, 22-26 May 2017, Bejiing, China

10 mm

! LF_ATLASPix

“—5mm —»

Time-walkcoliected charge ke-]

Sonl6 61 16.5 °

g

B o

: g

€ S

2 -~

= =

S =~

2 g

] 3

=

g g

2z ]

kS b
]

g g

. - €

000 005 010 015 020 025 030 035
Ampout [V

High threshold (2600 €7)
Low threshold (190 e7)

= 79% hits in-time
- 91% hits in-time

25



ATLAS

EXPERIMENT

Pixel detec

ams 0.35 um/180 nm

Key features:
- Technology node 0.35 um/180 nm

| Pixel i

tors : CMOS Sensors

LFoundry 150 nm

| Pixel i1

PMOS.

Key features:

- Wells No possibility of isolating n-wells from - Technology node 150 nm ) S
the collecting deep n-well. No CMOS - Wells Deep p-well (PSUB) to isolate n-wells non-nagligible
electronics in the sensor area. from deep n-well (collecting electrode).

Can induce cross-talk. Full CMOS electronics are possible in

- Metal layers 4/6 14 m @ 100V (10506) the sensor area.

- HR 20 (standard value) — 1k Q-cm (since 2015/6, - Metal layers 6

- HV -15(0 V<HV<OV ) ( ) e l - HR 10 0rcm - ~4k Q-em el

o deep P-

- Depletion region 140 pm thick o v - :‘;V et . -1]2.30\/ < H\l/1<l?éa/) 110V Newell

- Backside biasing Not possible . - Depletionregion ~ pm thick @ - ) deep N-well

- Stitching g Not :;ossible - Peric, NIMA 650 pp- 158-162, 2011 - Backside biasing Possible (G very deep N-well

Prototypes: B StitChing Possible P. Rymaszewski, JINST 11 C02045, 2016
Prototypes:

- ams 0.35 um - Initial R&D developments, H35CCPDv1-2, H35DEMO, HVStrip, CHESS1-2 (strips)
- ams 180 nm - CCPDv1-8, CLICpix=CCPDv3, C3PD, MuPix1-8 (Mu3e), MuPix8/ATLASix

Towerlazz 180 nm

Key features:
- Technology node 180 nm

NWELL
cing DIODE spacin
‘F‘ Ing pal 9

| Fetmy o]

- CCPD_LF (VA/VB), LF-CPIX Demo. (VA/VB), MonoPix Demo., COOL, LF_ATLASPix, LFHVMAPS_FEI3
9.5 mm 9.5 mm

10 mm

MonoPix Demonstrator LF_ATLASPix

Signal Size [e]
1600

T
1e15 n,/cm?

Y um]

20—

PMO NMOS o—
TRANSISTOR , TRANSISTOR L

T
25um Pitch

Y [um]

- Wells Deep p-well to isolate n-wells from o % = L
p-epi layer. Full CMOS electronics -20—
are possible in the sensor area. L
- Metal layers 6 I I I —
- Gate oxide 3 nm (good for radiation tolerance) -40 -20 0 20 X [um]
- HR 1k -8k O-cm .
- HV -6V<HV<OV /
- Epi-layer 18 — 40 pm thick T) standard Particle m\[ ENiea modified
- Backside biasing Possible D. Kim et al., JINST 11 C02042, 2016 §. 0.035.~ T ozf S
- Small n-well diode - low sensor capacitance (~5 fF) = higher gain, g Fovapeey Unraciated MPY = 18537 o1 0.122 mY g ;u | R——— S
better SNR, faster signal and potentially lower power consumption NWELL TRANSISTORS g oo fe14 neq MPV = 19.409 +/-0.147 mV. g s
DIODE NMOS  PMOS & , 1015 n6q MPV = 15904 +/- 0124 mV = 018 <
1737 . g ;-'l“/ ° c Uniradiated Poak = 16.67 sigma 1.96 ns - sigma/poak = 11.76 % | &
CERN-T) modified process: £ 0025 . | MPV = 19 mV pre-rad 2 0.6 fe14 neq Posk = 16.03 sigma 2,101 - sgmalpesk = 1310% | &
- Normally, small electrodes produce weak fields under deep p-wells K] L i ' | 16mV after 1.0:10% n_,/cm? E 0.141 pf reremea Peak= ”_”:";: ” "S”'“"“:’* e %
and signal collection after irradiation becomes difficult on edges 0.02 M- F 0= 1.36ns pre-ra £
F I v 0.12 2.78 ns after 1.0-10 n_ /cm? $
(efficiency drop towards pixel edges) N 0015 r T o1E- : * eql =
- CERN-TJ = Add planar n-type layer to significantly improve lateral : | m g
depletion and charge collection after irradiation. Implemented in 001 - o IRl E
n > 011 0.06
Investigator test chip. . CERN-TJ modified o3 ! i
Prototypes: H. Pernegger, Trento Workshop, 2017 0.005 0.021 il
- ALPIDE (ALICE upgrade chip), MISTRAL, ASTRAL, CHERWELL, Explorer, Investigator, MALTA, MonoPix B e T
"0 10 20 30 40 0 10 20 30 40 50

TIPP, 22-26 May 2017, Bejiing, China

P |
50 60 60 70 80 90 100
Signal [mV] Charge collection (Imejng



