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Motivation

> A different approach, based on triple well structures, has been proposed to enable the design
of MAPS sensors (deep N-well, or DNW MAPS) with capabilities for pixel level sparsification
and time stamping

NMOS PMOs

»In triple-well CMOS processes a deep N-
well is used to isolate N-channel MOSFETs
from substrate noise

e Standard N-well
Deep N-well P
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> These features were exploited in the
development of deep N-well (DNW) MAPS

devices

P-substrate

> A DNW is used to collect the charge released in the substrate

» A classical readout channel for capacitive detectors is used for Q-V conversion = gain
decoupled from electrode capacitance

»NMOS devices of the analog section are built in the deep N-well

> Using a large detector area, PMOS devices may be included in the front-end design > charge
collection inefficiency depending on the ratio of the DNW area to the area of all the N-wells
(deep and standard)
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Fully CMOS analog and digital FE (more than a hundred transistors per pixel)



SDRO, a prototype DNW MAPS for the ILC VTX
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SDRO, a prototype DNW MAPS for the ILC VTX

Main design features and experimental results
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DNW MAPS 240x256 MATRIX layout: bottom and top tiers
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Migration to 3D processes: from SDRO to SDRI1

Digital section Digital .::ec‘rion

Analog section

DNW sensor

Analog §ection

DNW sensor

> Tier 1: collecting electrode (deep N-well/P-substrate junction) and analog front-
end and discriminator

» Tier 2: digital front-end (2 latches for hit storage, pixel-level digital blocks for
sparsification, 2 time stamp registers, kill mask) and digital back-end (X and Y
registers, time stamp line drivers, serializer)
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Analog FE and discriminator

shaperless FE (SFE) discriminator
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Analog FE performances

Main design features and simulation results
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Digital FE

> During the bunch train period, the SR FF (FFSRK) is set, and the relevant time stamp register gets frozen,
when the pixel is hit for the first time

» Upon a second hit, the D FF (FFDR) is set and the relevant time stamp register gets frozen

> Capability for double-hit detection and double 5-bit time stamp
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Token passing readout architecture
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Elementary cell layout: bottom and top tiers

Inter-tier Inter-tier
connections connections

Analog section and N-well Digital section and
discriminator NMOS discriminator PMOS
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Collecting electrode layout

» Moving most of the PMOS transistors to the top (digital) tier may significantly improve
the detector collection efficiency
» The DNW covers about 35% of the cell area in the SDRO chip, more than 50% in its 3D

release
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Sensor detection efficiency and cluster size

E.  Monte Carlo simulations on matrices of 3x3 DNW MAPS featuring the
layout of the SDRO and SDR1 sensors (10000 experiments, 80 um thick
substrate)

10

100 — SDRO
SDRA1

80

60

Sensor detection efficiency [%]
Average cluster size

40 . 2

SDR1

20 0
0 200 400 600 800 0 200 400 600 800

Discriminator threshold [e] Discriminator threshold [e]

3D Workshop, March 18t and 19t 2010, CPPM, Marseille, France



Digital FE detection efficiency
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Conclusions

> A CMOS monolithic pixel sensor for applications to the ILC VTX detector
has been designed in a 130nm, vertical integration technology

» among a number of test structures, a 240x256, 20 ym pitch matrix with token
passing sparsified architecture and intertrain readout has been submitted

» Comparison with a previous version of the detector in a planar 130 nm
CMOS technology points to a significant potential improvement in some
important respects

» increase in charge collection efficiency

» immunity from (or reduction of) cross-talk phenomena between digital blocks and
sensor/analog circuits

> increase in digital FE detection efficiency

3D Workshop, March 18t and 19t 2010, CPPM, Marseille, France



