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For the slides about the activity in Trieste: thanks to G. Contin and M. Verdoglia!



® Activity on chips
APTS SF samples

O
NB: these are the names who have % of FTE in EIC, the work has also to be credited to
/ local ALICE ITS3 people!
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2. Bendine

® truly cylindrical “barr

® very close to beam pipe, low material budget

3.  Monolitic Active Pixel Sensors in 65 nm technology node
() * larger wafers, possibly thinner sensors (<50 pum), possibly a total material budget per layer < 0.05% X/X,
® higher integration density
/ * low power consumption (<40 mW /ecm2) that can be achieved with MAPS makes air cooling sufficient to operate the detector.
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G
- Exploratory chips: APTS, CE65 and DPTS

REERER R AR

HEF

APTS

(Analogue Pixel Test Structure) (Digital Pixel Test Structure)

Matrix: 32x32 pixels
Pitch: 15 um
Asynchronous digital readout
of central 4x4 submatrix Time-over-Threshold information
Two types of output drivers: Only “modified with gap” process
Source follower (APTS-SF) modification
. Very fast OpAmp (APTS-OA)
AC/DC coupling
3 process modifications

Matrix: 6x6 pixels
Pitch: 10, 15, 20, 25 pum
Direct analogue readout

S. Senyukov, ALICE Upgrade Week 2023
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CMOS VERSIONS

Split 1: Standard process without modifications

Split 2: First modification of the deep pwell to improve isolation between circuitry and sensor and prevent punch-

O through between deep nwell and circuitry
Split 3: Adding to split 2 the deep nwell adjustment in the pixel to allow full depletion

Split 4: Adding to split 3 an additional deep pwell modification to prevent potential wells created by the additional

in-pixel circuitry

These four splits have been produced with the three “variations” below (where appropriate):

NWELL nwell collection nwell collection
COLLECTION electrode electrode
ELECTRODE (=]

low dose n-type implant low dose n-type implant
depletion boundary depletion boundary

DEPLETED ZONE

Standard

Modified Gap

depleted zone depleted zone
DEPLETION BOUNDARY

P= EPITAXIAL LAYER ‘\\ L p- epitaxial layer p° epitaxial layer
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CURVATURE MEASUREMENTS

4 >=18.1 mm

Main source of indetermination:

* fake points due to diffraction

Circle Fit:

* the scan is sensitive to superficial | 5T

3.184e+08 * 2.463e+05

structures

—1.788e+04 + 6.902

* there is not perfect alignment between
the chip and the profilometer plane

expected value R ~18.2 mm
cylinder radius ~ 18 mm

Residual :

biadesive ~ 0.15 mm
chip ~ 0.05 mm
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DAQ board

Proximity board

Carrier board
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FLAT/BENT COMPARISON — 55Fe SPECTRUM

® Flat-Bent sensors comparison in [mV] @ V,, = -4.8 V (bias voltage of bulk)

ALICE ITS3 WIP

Fe55 source measurements
Plotted on 18 Apr 2023

APTS SF
AF15P_W16B105

pitch: 15 pm

type: modified with gap
split: 2

Visup = preﬂ'

Ireser = 100 pA

Ibiasn = 5 LA

Ibiasp = 0.5 PA
Ipiasa = 150 pA
Ibias3 = 200 PA
VJ’E‘SEI =500 mV

Relative frequency (per 1 mv)

[V _{sub} = -4.8, AF15P_W1EB3 FLAT

1V {sub} =-4.8, AF15P W16B101 LONG EDGE
[ V_{sub} =-4.8, AF15P_W16B104 SHORT EDGE
1 V_{sub} =-4.8, AF15P_W16B10% LONG EDGE

Seed pixel signal {mv)
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FLAT /BENT COMPARISON — CLUSTERS

® Flat-Bent sensors comparison in [mV] @ V,, = -4.8 V (bias voltage of bulk)

ALICE ITS3 WIP
Fe55 source measurements
Plotted on 06 May 2023

APTS SF

AF15P_W16B105

pitch: 15 pm

type: modified with gap

split: 2

Veup = pre[l

lreset = 100 pA

Ipiasn = 5 HA

Ibiasp =0.5pA

Ipiasa = 150 pA

Ipias3 = 200 A

Vieset =500 mV

1 Vbb = -4.8 V, AF15P_W16B3 FLAT

1 Vbb =-4.8V, AF15P_W16B101 LONG EDGE
1 Vbb = -4.8V, AF15P_W16B104 SHORT EDGE
[ Vbb =-4.8V, AF15P_W16B105 LONG EDGE

&
o

0.4

Relative frequency

5 6
Cluster size
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FLAT/BENT COMPARISON — CHIP-TO-CHIP
VARIATIONZ?

O e Flat Chip-to-Chip variation from W22 (W16 not available)
® Trying to understand whether chip-to-chip variation is dominant over the effect of curvature
* Systematics to be obtained on the same wafer

Fe55 spectrum
ALICE ITS3 WIP

source measurements
Plotted on 30 mag 2023

APTS SF

o
o
Y
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o
w
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Ireset = 100 pA
Ipiasn =5 WA
Ipiasp = 0.5 HA
Ipizsa = 150 HA
Ipias3 = 200 HA
Vieset = 500 mV

Relative Frequency

o
o
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Relative frequency (per 1 mv)

ELECTRON-CONVERTED ~°Fe SPECTRUM

®* Dependence on V,,

0.25

0.20 1

0.15

0.10 1

0.05 A

1 Vbb =
1 Vbb =
1 Vbb =
] [ Vbb =

-3.0 V, AF15P_W16B101
-3.6 V, AF15P_W16B101
-4.2 V, AF15P_W16B101
-4.8 V, AF15P_W16B101

0.00

10

20 30 40 50

60

0.005

0.004 4

Relative Frequency

0.002 4

0.001 4

0.000

Fe55 spectrum

0.003 4

[ B101, Vbb =30V
[ B101,Vbb =36V
[ B101,Vbb =42V
[ B101,Vbb = 4.8V

ALICE ITS3 WIP
Fe55 source measurements

Plotted on 05 giu 2023

APTS SF
AF15P_W16B101
pitch: 15 pm
type: modified with gap
split: 2

Visub = Vpwail
lreset = 100 pA
Ioiasn = 5 A

Ioiasp = 0.5 A
Ipiasa = 150 uA
Ibias3 = 200 uA
Vreser = 500mV

250 500 750 1000 1250 1500 1750 2000

Seed pixel signal (mv) Seed pixel signal (Cluster Size=1) {e")




IRRADIATED CHIPS TEST — LAYOUT OF CHIPS 4

rrsvell collection
MO edechnode

* AF10P_W22B57 — 10" n,_,

deap paell ) i

* AF10P_W22B58 — 10'5 n__
* AF10P_W22B61 — 2x10'5 n_,

low dose n-lype imglant

®* basic source follower structure G a p

®* 10 um pixel pitch

®* Modified process with gap

non-ionising, ionising, and combined doses were obtained by neutrons at JSI Ljubljana, 10 keV X-rays
from a tungsten target at CERN, and 30 MeV protons at NPl Prague, respectively
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IRRADIATED CHIPS TEST — COLD BOX

O ® Insulating walls box

® Cooled by a chiller — Peltier cooling

possible (not needed):

®* Need temperature of ~14°C

Cold box temperature Cold box humidity
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IRRADIATED CHIPS TEST — COLD BOX

O ® 55Fe source

®* Vbb =-48YV

*AF10P_W22B25: Not irradiated
*AF10P W22B57: 1el4
*AF10P_W22B58: 1e157
*AF10P_W22B61: 2el5

Seed pixel signal (mv)
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Analogfest pixel output

i
1<
= T0
x: 10 ns/div

Threshold A "\ 4 y: 50 mV/div

® For details, see paper:’Digital Pixel Test Structures implemented in a
65 nm CMOS process” arXiv:2212.08621v3, submitted to NIM-A
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For details, see paper:”Digital Pixel Test Structures implemented/in a

65 nm CMOS process” arXiv:2212.08621v3, submitted to NIM-A




. . — V4=200 mV Veasp=100 mV Veasn=150 mV
(] i i
InJeCt the d nalogue plXE| —— V4,=600 mV Veasp=200 mV Veasn=250 mV

0 — V3p=1200 mV Veasp=350 mV Veasn=400 mV
* Measure the response for different T T .
chip biases

* Provides a more intuitive
understanding of the chip
behaviour

lreset=1 PA ,&91 i 0 20 30 40 350
Time after charge injection (us)

Ireset=10 pA Ipias=100 NA |
Ireset=70 pA Ipias=700 NA

10 20 30 40 50 0 10 20 30 40 50
Time after charge injection (us) Time after charge injection (us)

For details, see paper:”Digital Pixel Test Structures implemented/in a
65 nm CMOS process’” arXiv:2212.08621v3, submitted to NIM-A
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For details, see paper:”Digital Pixel Test Structures implemented/in a
65 nm CMOS process’” arXiv:2212.08621v3, submitted to NIM-A
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