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» Fully depleted MAPS N ole
» Target applications: smi cquisition)
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» medical imaging

» space applications

» HEP experiments
(ALICE timing layer)
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MD1 chip micrograph
100
Sensor ; 0
» Main Demonstrator (MD) with sensor array made ot
of 512x512 pixels with 25um pixel pitch ' Digital - [ 25um

» Embedded analog and digital frontend electronics A i v

» 3 engineering runs: 1st (mid 2021), 2nd (beginning
of 2022), 3rd (beginning 2023)

M. Rolo, Pixel layout
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Sensor concept

» Produced with commercial CMOS 110nm
process (LFoundry)

» High resistivity silicon substrates

» N-type epitaxial layer to delay the onset of
the punch through

» Operation in full depletion condition

» Independent frontside and backside
electrodes for the voltage bias
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Process add-on for timing

Foreseen Vi, between 30-40 V

Gain layer

pwell

deep
pwell

High Resistivity Si

L. Pancheri— EUROCON 2023

» Additional p-type implantation to create
the gain layer below the n-type collection
electrode

» Preliminary TCAD simulations to tune the
gain layer implant

» Four dose splittings for the gain layer with
3 wafers for each dose

» AC-coupled frontend preamplifier

» High voltage on the topside to enable
avalanche multiplication

29/09/2023 thomas.corradino@unitn.it - MAPS test structures with gain



Trento Institute for
Fundamental Physics
and Applications

Preliminary TCAD simulations
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Passive Test Structures
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» Passive TS chip
BRCED 1A PR-250R1 HFEEEH@
» Chip frontside electrodes > Pixel matrices w/o gain
» External pwell » Pixel matrices with gain
» N-type sensor nodes » Strips with gain 1
» Internal pwell » MOS capacitor, gated diode, ... S -—

» N-guard rings
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» Dips in the pwell current reference to extract Vpp
» Evaluate breakdown voltage associated to
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Electrical characterization — CV curves

x 10710

1.5 —~—W5N ——W24N-—--W32 |  » Pwell voltage set to OV as
e —~—W50 W24 E—--W63 ground reference
n-epi \ / nwell | puell ——W5H S ———W24 O—--W6 4
deep \gap/ ——WI13 N——W24 S
pwell .
= ——W13 S W31 » Voltage sweep applied to the
I;' 1E High Resistivity Si — front5|de nwe”
)
z
s Depletion of gap region » Data proved the gain layer
2 between gain layer and presence
8 0.5 - deep pwell
» Gain layer profile cannot be
PM250 G1 completely evaluated with
frequency 10 kHz CV curves
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Biasing scheme & Optical setup

» Viias applied to Py electrode
through PCB metal pad

> Vpix == Vn
> VNgr == 8V
> VPtOp - OV

» Infrared laser (1060nm) with < 100ps
pulse at FWHM (Alphalas)

» Hamamatsu C5594 external amplifier
(50 kHz - 1.5 GHz BW, 36 dB gain)

» Backside illumination through PCB hole
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IR laser - PM 250 G1
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IR laser - PM 250 G1
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PM250 layout comparison

H\ H\ » PM250 with layout Al and A2 have different
4 el | puai neep 4 vl | e terminations at the pad border

\ A\
deep deep
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IR laser scan — Sighal maximum
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IR laser scan — Sighal maximum
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IR laser scan — Collected charge
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IR laser scan — Collected charge
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Conclusions

» Demonstrated the feasibility of integrating a gain layer with a process add-on
» Absence of breakdown and punch through issues at the foreseen operating 1, and Vj; 4

» Evaluated effect of the layout of the pad border on timing and collection efficiency
performances

» New engineerig run with new gain layer profile will be submitted soon
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De Angelis, G. Dellacasa, N. Demaria, B. Di Ruzza, A. Di Salvo, S. Durando, D. Falchieri,
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Thank you for your attention!
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Backup
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Substrate types

Type A

i

| n-epi2

High Resistivity n-epi 1

p+ substrate

~~

Type B Type C
Lact . Lact v
100 pm| Lo 200 pm
High Resistivity n-type Si
v I ——
/ High Resistivity n-type Si
v N N

Both frontside and backside bias available
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IR laser scan -tz
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> V, =40V
> Vbias = —35V
» Focused laser spot

» Slower charge collection
near the frontside n-GR

» Layout Al resultsin a
slower charge collection
at the pad borders
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IR laser scan — Collected charge

x 104
16 - —PM250 A‘l N > Vn — 40V
—PM250 A2
14+
> Vbias = —35V
12

» Focused laser spot

s 10
E :
& gl » Higher amount of charges
[ ]
. collected in the inter-pad
= 6 Pad border 7 region for layout Al

\ w/o n-GR

2 o

0 \ \ | | \ |

0 50 100 150 200 250 300 350

Y position [pml]

29/09/2023 thomas.corradino@unitn.it - MAPS test structures with gain



