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1 Sensor Development and Characterization

The overarching goal of the EIC Silicon Consortium is the development and
construction of a full tracking and vertexing detector subsystem for the EIC
detector(s) based on a new 65 nm MAPS sensor developed using the Tower-
Partners Semiconductor Company (TPSCo) process that is the same process as
used for the ALICE ITS3 upgrade. Participation in and co-development with
the CERN/ALICE based ITS3 silicon development project with branching off
towards the EIC specific efforts in the later stage of the development is the basis
for this R&D proposal. There will need to be multiple implementations of the
65 nm sensors for the EIC. The main series of Large Area Sensors (LAS) is
expected to be identical to what is planned to be used in ITS3 and is intended
to be used also in the barrel vertexing layers of the EIC project detector with
suitably adapted mechanics and services. EIC specific LAS variants of the 65
nm sensor will need to be developed for the outer barrel tracking layers and
the disks using the ITS3 development but reformed and modified in size to give
good yield over a smaller number of stitched sensors and optimized for the large
area coverage application at the EIC.

To be able to branch off EIC specific variants, the first order of business is
to align multiple EIC Silicon Consortium groups with the CERN based ITS3
effort on the design of the silicon sensor and their characterization, including
characterization of the test structures available from the already fabricated runs,
so called Multi-Layer-Reticle (MLR) runs, and future Engineering Runs (ER).
This participation has thus far been possible for the UK groups using seed fund-
ing from the (former) EIC generic detector R&D program and a larger in-kind
contribution from the UK by the UKRI Infrastructure Fund. Participation by
other groups, including silicon sensor effort in the U.S. in particular, is lagging
in parts due to the non-consistent and insufficient funding, as well as incom-
plete finalization of the required agreements porting on organizational and legal
aspects of sharing, reusing and handling technical data, respecting proprietary
rights and in compliance with regulations, including Technology Transfer and
Export Control. This proposal requests funding to continue and expand the col-
laboration with the CERN/ALICE based ITS3 development on silicon sensor
development and characterization in FY23 with the goal of ensuring readiness
for the EIC LAS in FY24. The R&D activities will thus necessarily extend
beyond FY23, even though this proposal focuses solely on FY23.

The proposal is organized as follows. In section 2, we report pertinent
progress thus far on silicon sensor development and characterization efforts.
Section 3 presents the goals and deliverables for FY23, while section 4 contains
our FY23 request and milestones, and the last section 4.2 provides justification
for the requested resources.

2



2 Reports on Progress to Date

2.1 Sensor Development

Participation in sensor development has thus far been limited by available re-
sources. In practice, progress towards EIC sensor development has thus far
been possible only at UKRI-STFC Rutherforward Appleton Laboratory, thanks
to UK funding and the EIC generic R&D project eRD25, and at Brookhaven
National Laboratory, thanks to LDRD funding. A very small amount of funds
remaining from the EIC generic detector R&D project eRD25 have been repur-
posed and thereby made it possible at Lawrence Berkeley National Laboratory
to work on necessary agreements and installation of the process development
kit. The remainder of this section reports on progress at RAL and BNL.

2.1.1 UKRI-STFC Rutherford Appleton Laboratory

The overall goal of sensor R&D to date has been to become involved with
development of the new MAPS based device for the ITS3 upgrade for ALICE.
The schedule for the ITS3 is available in several places, for example via this
link1, and initial R&D is being carried out under the umbrella of WP1.2 of
the CERN Experimental Physics R&D Programme2. Updates and recent test
results can also be found at this site.

So far, one tapeout has been completed and another is in progress. To date,
EIC related contributions to designs on these runs have been carried out at the
Rutherford Appleton Laboratory (RAL), and funded as an in-kind contribution
from the UK by the UKRI Infrastructure Fund.3

The first submitted run is referred to as MLR1. It contained designs by
many groups involved in ITS3 such as transistor test structures, pixels, band
gaps, VCOs, and other small circuits. RAL specific contributions were:

• A test loop for digital data comprising an LVDS (Low-Voltage Differential
Signalling) receiver and CML (Current-Mode Logic) transmitter. This
was designed to test the circuitry for data transmission between chips.
The loop has now been tested and demonstrated in excess of 1.5Gbps

The other circuits on MLR1 have also demonstrated the feasibility of using
the 65 nm process for ITS3 and by extension the EIC. Work has now moved
on to the next submission, which is referred to as ER1. The goals of ER1 is
to demonstrate more complex circuit blocks, and that a stitched sensor can be
manufactured with the required yield for detector construction. As a part of
ER1, the following work has been undertaken at RAL:

1https://indico.desy.de/event/24227/contributions/53047
2https://ep-rnd.web.cern.ch/topic/monolithic-pixel-detectors
3https://www.ukri.org/what-we-offer/creating-world-class-research-and-innovation-

infrastructure/funded-infrastructure-projects/
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• Building on the work done in ER1, design of a PLL in support of future
high speed data transfer circuitry

• Design of an I2C block for standardised slow control

• Development of the loop in MLR1 into a fully CML version to allow faster
speeds to be achieved

• Contributed to the design, verification and library development of high
yield logic cells to improve the yield of the large sensor in collaboration
with other ITS3 groups.

In the the coming period, the intention is to continue developing the circuit
blocks required for the future detectors. In this period, it is intended to focus on
blocks which are likely to be needed by the EIC, but which will not be developed
by the ITS3 effort (since their ultimate goals differ). One such area in which
effort could be usefully applied is powering, since ITS3 intends to construct
only the vertexing layers, but the EIC needs to build staves and discs, which
will require more compllex powering structures. Therefore, areas of focus for
the next period are planned to be:

• Completion of the high speed serialiser work already begun.

• Schematic design of a DC-DC converter to establish feasible performance.

• Schematic design of a shunt regulator for serial powering schemes to es-
tablish feasible performance.

• In collaboration with eRD104, evaluation of which of these is likely to
be more useful at a system level, and provide input for the system level
powering studies of eRD104.

• Completion of the full design of the most suitable architecture, and fabri-
cation on runs with CERN as these become available.

2.1.2 Brookhaven National Laboratory

Although Brookhaven National Laboratory (BNL) has not participated in
any fabrication run organized by CERN yet, FY22 was the first year during
which BNL could start working using the TPSCo 65 nm process. The efforts at
the Laboratory have been oriented on:

• Establishing access to the technical data and the TPSCo 65 nm Process
Design Kit for the usage by the ASIC designers at the Instrumentation
Division.

• Contacting the CERN’s ALICE ITS3 sensor development team to identify
the areas of development and R&D needs for the ALICE ITS3 development
that are most urgently needed and not filled with the sufficient workforce,
where contributions of the ASIC group could be made.
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• Growing familiarity of the TPSCo 65 nm Process Design Kit and un-
derstanding criticality and prioritization of a rich range of various layout
design rules for yield and compatibility with the selection of Design for
Manufacturability and recommended rules for yield built in the existing
relation between CERN and TPSCo.

• Commencement of the actual design work consisting in the development of
a mixed-mode block exploring the design flow and informed by inclusion
in the ALICE ITS3 development.

The TPSCo 65 nm Process Design Kit (PDK) was installed and configured
at BNL and is kept current. However, getting access to additional developments
undertaken by the CERN-concentrated team and to the design repository orga-
nized under the Cliosoft Design Management (DM) software by CERN, signing
of the Compliance Letters, has been requested by CERN. These letters are cur-
rently under review by the BNL’s Office of Research Partnerships & Technology
Transfer for Export Compliance. Should the letters be signed, the BNL team
expects gaining the required access to the elements such as:

• Modified standard cells libraries, whose alteration has taken Design For
Manufacturability (DFM) and recommended layout rules into account,

• Already developed ALICE ITS3 design database to carry out design of
blocks aiming at integration into the ALICE ITS3 sensors and then forking
the design effort for the targeted EIC design,

• Test structures already fabricated using the TPSCo process, test fixtures
and test equipment to carry out characterization of the structures at BNL
in for example Tandem 4 or NSRL 5 facilities for evaluation radiation
hardness or Single Event Effects (SEEs) immunity.

After having the Compliance Letters signed and assuming that other planned
overarching agreements between EIC (DOE) and ALICE (CERN) are in place,
BNL will be able to commit design blocks under development to the common
repository. Having in place the necessary agreements is a common goal for all
member institution of the EIC Silicon Consortium.

The design efforts using the TPSCo 65 nm PDK has commenced at BNL.
BNL has gathered already a portfolio of conceptual solutions and blocks for
readout circuits suited for fine-pitch and large-area pixel detectors for X-rays
as the base. Nonetheless, these circuits have been developed in the TSMC 65
nm process. Translation of these blocks, targeting their likely suitability for the
MAPS detectors for ALICE ITS3 and EIC, is one of the considered direction
to pursue by the BNL team. Comparative studies of the blocks carrying on
the same functionality, but developed in two different technology processes, is
helpful for the optimization of the ultimate solution proposed for the ITS3/EIC
MAPS. A few areas of circuit solutions in this category can be given as follows:

4https://www.bnl.gov/tandem/
5https://www.bnl.gov/nsrl/

5



• Readout controller, so called EDWARD (standing for Event Driven With
Access - Reset Decoder), allowing dead-time-less, highly-efficient, event-
driven readout of hit pixels, with its methodology of in-silicon implemen-
tation.

• Small-footprint (1000µm2), medium-resolution, self-clocked Analog-to-
Digital Converter (ADC) with programmable operation frequency and
non-linearity calibration, allowing spatially distributed location for for
processing signals in hybrid pixels or collecting data on vital functions
of the sensor circuit.

• Power efficient, line driver with programable pre-emphasis based on Delay-
Locked Loop and using Source-Series Terminated (SST) output stage as
alternative to CML stages for 1-2Gbps transmission on high-loss, low
material budget (low in Cu) transmission lines, for off chip or inter-sensor-
segment data links.

• High-resolution, high-speed, hybrid Successive Approximation Register
and Digital Slope, asynchronous Analog-to-Digital Converter (ADC) with
calibration, for conversion of radiation induced signals and high-resolution
monitoring of vital functions of the sensor circuit.

• Studies of in-pixel circuitry for charge-sensing, distribution of sensor bias-
ing, and grounding schemes compatible with serial powering and continu-
ous processing circuitry, allowing further reduction of power.

• Studies of coupling of data transmission lines, their coupling of input and
output data streams and slow control, as well as grounding and shielding
issues of LAS, translating to assembly methodologies for assuring compat-
ibility with serial powering.

Like other members of the EIC Silicon Consortium, BNL intends to focus on
functionalities and their implementation of blocks that are attractive to EIC, but
which will not be developed by ITS3 efforts, as on the one hand both initiatives
have different goals and, on the other hand, ALICE ITS is based on seasoned
architecture.

With a view onto contributing to the development work of ALICE ITS3
sensors, a discussion with CERN was initiated to obtain information on their
needs. Based on these discussions, the following areas of furthered developments
have been identified:

• Methodologies for handling IR (Current-Resistance) drops in powering of
large-area sensors made of stitched multiple reticles, including considering
developments of Low-Drop-Out regulators,

• Vital functions monitoring with ”slow and medium resolution” Analog-to-
Digital Conversion,

• Library of differential Input/Output (I/O) pads and minimal-size standard
cells including timing characterization,
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• Dual-port Static Random Access Memory (SRAM) compiler for on-sensor
memory blocks,

• Low-swing-low-power short-distance Gbps transmission,

• Functional blocks for data transmission and clocking of the MAPS sensors
operation, including Phase-Locked Loop, Serializer, Line Driver, and on
large-area chip clock distribution,

• Development of formal verification and building detector model merging
origination of signals in the detector, processing and data flows.

Undeniably, the portfolio of the required tasks, contained in the lists pre-
sented above, is very rich, although, it is not exhaustive, as it does not include
elements that are yet to be defined, as well those that will be derived from
outcomes from the related silicon detector efforts eRD104 and eRD111. Prior-
itization, taking into account collaborative efforts among the members of the
EIC Silicon Consortium and the results of the eRD104 and eRD111 (with which
eRD113 bring the whole together) will ultimately influence engagement of the
BNL team. Also, settling on the plans for stitching and optimal distribution
of reticles for LASes for the EIC is expected to entail other specific design di-
rections, requiring personnel even if the transformation of the sensors built for
ITS3 would be a promising starting point, after CERN shares its database.

The continuation of the efforts started in the UK and more recently in the
US is essential to a tracking and vertexing solution for the EIC. The timelines of
the construction of the ALICE ITS3 and EIC detectors influence the intensity
and scope of R&D and design work that both need to be increased. Therefore,
the teams from Rutherford Appleton Laboratory, Brookhaven National Lab-
oratory and Lawrence Berkeley National Laboratory will continue working in
collaboration with each other, as well as across the consortium as a whole, shar-
ing the tasks upon available personnel and funding. Considering the above, a
significant injection of funds is required early in FY23 towards realizing MAPS
detectors for the EIC. Taking into account the need of working closely with the
ALICE ITS3 team, this effort will furthermore rely on travel to and work at
CERN for part of FY23.

2.2 Sensor Characterization

2.2.1 INFN Istituto Nazionale di Fisica Nucleare

The INFN Bari and Trieste institutes are involved in the MAPS sensor char-
acterisation within the ALICE ITS3 project. They participated in the tests of
the first bent MAPS sensors and they are now carrying out the characterization
of the 65 nm CMOS digital and analog pixel test structures (DPTS and APTS)
in their laboratories and participating in the ITS3 beam test campaign. The
INFN institutes have welcomed collaborators from the other EIC institutes that
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are currently joining the testing campaign for a training in their laboratories.
The expertise in this technology is in this way shared within the EIC community
and the other groups are facilitated in getting up to speed with test procedures
and result interpretation.

INFN Bari and Trieste, with INFN Padova joining them in 2023 in this
effort, plan to continue the characterization of the test structures and the large
area sensor prototype now under production, with two specific additional goals:

• Validate the sensor performance in view of the EIC requirements,

• Contribute to the measurement of the production yield as a function of
the sensor area, in order to optimize the future variants for EIC large-area
use for reduced cost and construction complexity.

The INFN Bari and Trieste laboratories are equipped with copies of the test
systems specifically developed for the mentioned test structures. In view of
further testing, together with INFN Padova, they plan to produce a copy of
the test system now under development for the large area sensor and adapt the
ancillary test equipment to the new sensor size and characteristics.

Given the existing expertise in bending small and large silicon sensors, the
INFN institutes intend to develop setup and procedures needed to test the
stitched sensor prototypes in curved configuration.

2.2.2 UK institutes

UK institutes have been participating in the characterisation of test struc-
tures from the first 65 nm submission, the MLR1. Work is already advanced
in the characterisation of the IP block submitted by RAL, i.e. the test loop
for digital data comprising an LVDS receiver and CML transmitter described
above. The RAL and Daresbury laboratories have designed a readout system
for this circuit comprising of a Kintex UltraScale FPGA KCU105 and a carrier
board for the circuit, connected via SMA cables. Bit error rate tests have been
run and eye diagrams confirm the circuit works reliably up to 1.5 Gbps. X-ray
irradiations took place at CERN at the beginning of September 2022 and data
are being analysed. In addition to this effort, UK groups will participate in the
testing of the APTS and DPTS test structures from the MLR1. Liverpool and
Birmingham have recently received setups and are about to receive chips. Se-
tups have been requested for Lancaster, Daresbury and RAL, and these should
be received shortly. We plan to perform laboratory measurements, irradiation
studies at the Birmingham MC40 cyclotron, and participate in beam tests at
CERN. UK institutes plan to continue characterisation throughout the devel-
opment of the sensor, with the next structures to become available being the
ones from the upcoming ITS3 ER1 submission.
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2.2.3 Lawrence Berkeley National Laboratory and UC Berkeley

LBNL will contribute to both the chip test and IC design effort toward
realizing MAPS sensors that satisfy EIC tracking requirements.

On the chip test front, initial agreements have been made to participate
in the development of test setups for the ITS3 ER1 submission, and follow-up
is planned for the characterization of ER1 test chips in collaboration with the
ITS3 groups.

LBNL staff have investigated the possibility of producing additional test
boards (DAQ) for use within the EIC Silicon Consortium. Such a possibility
currently still appears to exist within the U.S. and is being pursued further in
close collaboration with ALICE colleagues at CERN. Thus far, key electronic
component shortages and other supply chain constraints have severely limited
the availability of test boards among institutions within the consortium. In
fact, LBNL only recently received its own DAQ board and a proximity board
for DPTS (Digital Pixel Test Structure) chip testing for current and future test
structure characterization with UC Berkeley students. LBNL will soon receive
DPTS test chips and plans to set up a full test bench.

A UC Berkeley postdoc and student have participated in ITS3 beam test
campaign. The 88” cyclotron at LBNL is planned to be used for single event
upset and latch-up testing as was done previously for the ALICE ITS2 ALPIDE
chip.

On the IC design front, LBNL requests funding to support 1 FTE of design
engineer in LBNL’s IC group to join the EIC Silicon Consortium’s sensor de-
sign effort. LBNL’s IC group has extensive experience in designing MAPS for
electron microscopy and highly pixelated readout chips for hybrid trackers such
as those used in ATLAS. A design engineer is planned to travel to CERN with
substantial stay to work with the CERN designers to understand the details of
the process selected for implementing the chips. Contributions to the functional
units required for the chip, such as ADCs and readout structures, are expected.
The engineer will work closely with the CERN team, the LBNL local team, and
the consortium. The LBNL group will bring in experience in large-scale pixel
arrays implementation and stitching to contribute to the EIC sensor design.
The contributions will come from several designers with various specialization
in the group, with the effort summing to an FTE total.

2.2.4 Oak Ridge National Laboratory

ORNL has a lab setup that currently includes a full ITS-2 Inner Barrel
Stave and associated Readout Electronics (ITS Readout Unit, Power Board,
FELIX card and associated server). ORNL is participating in the MLR1 DPTS
test structure characterization and for that purpose will receive a DAQ board,
proximity board for DPTS chips, DPTS carrier boards, and DPTS test chips
and is in the process of setting up a full test bench for DPTS testing. ORNL is
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also participating in the development of test setups for the Engineering Run 1
submission and will setup a test bench for characterization of ER1 test chips in
collaboration with the ITS3 collaboration.

2.2.5 Los Alamos National Laboratory

The Los Alamos National Laboratory (LANL) team plans to work on the
new ITS3 sensor characterization. Two silicon R&D labs have been set up at
LANL. One has been used for the MAPS ALPIDE sensor/stave characterization,
telescope cosmic ray tests and sPHENIX MVTX readout chain developments.
The other lab has been used for the Depleted MAPS (DMAPS) R&D, which
includes the single sensor characterization and readout development. Both labs
can accommodate new ITS3 type MAPS sensor characterization giving the sim-
ilar operation and readout scheme. R&D plans at LANL for the ITS3-derived
EIC sensor will start with acquiring the required equipment and set up a new
test bench for ITS3 sensor R&D. This will be followed by contributions to the
characterization of the ITS3 prototype sensors. Irradiation tests for the ITS3
sensor and related readout modules with the LANL LANSCE facility are pos-
sible as well, if needed.

3 Goals and Deliverables

3.1 Goals for FY 2023

This subsection addresses goals and deliverables planned for FY23. The
broader context is described in the subsequent section 3.2 in the form of a
plan, which aims at a holistic picture of requirements to realize the EIC MAPS
sensors ensuring readiness for the EIC LAS in FY24. The smaller subset of
goals planned for FY23 contains important elements for making the full plan
realizable later and is given by the following:

• Establish credibility within the ALICE ITS3 work-group and maintain
engagement by working with the ALICE ITS3 team to develop the wafer-
scale sensor that forms the reference and presumed baseline for the vertex
layers at the EIC

• Accomplish legal, organizational and export control agreements with CERN
to share design databases and be able to work with the ALICE ITS3
work-group using the TPSCo PDK and additionally developed shareable
technical data

• Progress in testing and characterization of test structures (ut DPTS,
APTS, blocks submitted to MLRs and ERs, etc.)
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• Contribute design of selected blocks and develop functional analyzes and
verification.

• Understand implications of changing stitching plans and make the plausi-
ble plan for LAS for the EIC, informed by knowledge on fabrication yields,
handling and feasibility of connecting readout resources.

• Evaluate functionalities and circuitry that are needed specifically for EIC
sensors (inter alia powering, in-pixel circuitry for reliability and others
listed in 3.2).

• Evaluate implications of adopting serial powering on the sensor biasing
with well defined reference levels - taking into account DC-coupling of
a charge sensing element to the in-pixel circuitry, bringing slow control
and coupling of data in/out links and develop appropriate schemes for
grounding and shielding methodologies.

Achieving the goals planned for FY23 will be possible only if the appropriate
level of support for both personnel is ensured for the performance of works
under the EIC Silicon Consortium, and covering the costs of fabrication. The
latter includes participation in submissions of the ALICE ITS3 sensors and
prototyping circuit blocks and functional solutions developed within the groups
collaborating within the EIC Silicon Consortium.

3.2 Overarching Goals

The ultimate goals of eRD113, extending beyond FY23, are as follows:

• Conclude across the EIC Silicon Consortium members on having signed
a set of various agreements, ranging, from Compliance Letters required
for having access to the technical data and fabricated test structures to-
gether with associated test fixtures, to Overarching Memorandum of Un-
derstanding, including the EIC Silicon Consortium addendum, between
the EIC (DOE) and ALICE ITS3 (CERN) for implementing the planned
development strategy of MAPS sensors for the EIC vertexing and tracking
detectors.

• Continue collaboration with the ALICE ITS3 team by:

1. Keep on growing the familiarity with the ALICE ITS3 sensor archi-
tecture, both on the functional and physical level,

2. Determine the level of the combined actual design efforts and direct
financial contribution towards fabrication required to ensure access
to the ALICE ITS3 design databases and other technical data for
EIC use, and feed this information back to the project seeking the
corresponding support.
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3. Maintain contribution to implemented functionalities and design of
blocks that are already underway and select new items that will be
committed through prioritization of the needs,

4. Continue submitting blocks suitable for the ALICE ITS3 develop-
ment and specifically for the EIC MAPS on tapeouts as they become
available,

5. Work on characterization of the test structures fabricated on MLRs
and ERs and maintain exchange of test results and other technical
data.

• In collaboration with eRD111, address design of LASes, by:

1. Determining internal functional and physical architectures and draft
floorplans of the LASes upon determination of the feasible topology
of LASes based on the available stitching strategies that are expected
to be informed by the ALICE ITS3 plans, development progress and
estimation of achievable yield levels,

2. Evaluating to what degree the development of the LASes can be
based on the rearranged ALICE ITS3 sensors (using the bestowed
ALICE ITS3 databases) and what new blocks and functionalities are
needed to be developed,

3. Developing abstracted and physical, i.e. close to mask design, floor-
plans of sensor chips, models, verification (preferably using UVM -
Universal Verification Methodology or parts of its formalism given in
the SystemVerilog standard) environments of the LASes for the EIC
to enable design steps,

4. Performing design of the LAses for the EIC.

• In collaboration with eRD104, address integration of the developed sensors
with DAQ and powering schemes tailoring them for the EIC needs through:

1. Performing studies of data flows with the organization of connec-
tions in mind, for selection of types of receivers and drivers and their
locations, assessing:

(a) the number, bandwidth/occupancy and power consumption along
with the distribution of drivers on LASes’ slabs depending on the
selected stitching option and the geometry of the sensors’ distri-
bution,

(b) the possibility of receiving data using possibly connections with a
low material budget, feasibility of assembling the entire system,
as well as data congregation of data at intermediate stages of
their transmission.

(c) the method of coupling of data transmission lines for input and
output data streams and slow control, as well as grounding and
shielding issues of LASes, with methodology for assembly method-
ologies for assuring compatibility with serial powering.
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2. Explore the design of integrated Shunt-LDO regulators and switched
capacitor DC-DC converters.

3. Perform conceptual and related design analysis of pixel circuits for
charge-sensing, distribution of sensor biasing, and grounding schemes
compatible with serial powering.

4. Investigate in-pixel circuitry for reduction of power dissipation.

• Strengthen collaborative efforts among the members of the EIC Silicon
Consortium to share design efforts for the best usage of the available re-
sources.

4 FY23 Request, Milestones and Request Jus-
tification

4.1 Request and Milestones

The goals of the eRD113 project are fully dependent on the relationship with
ITS3. Management of this relationship at the EIC/DOE/CERN level is critical
to the eventual success of the silicon effort. This is because it is planned that
not only should the ITS3 chip itself be used in the vertexing layers, but also
that it should be possible to adjust its design to make a chip suitable for the
staves and discs. Gaining this access is not straightforward. It is likely to
require considerable negotiation over the terms, including dealing with complex
IP issues. These issues are beyond the scope of the eRD113 institutes to solve,
since they must be resolved at a higher level - although the eRD113 institutions
can provide advice and support. It is, furthermore, anticipated that a significant
contribution to the fabrication costs associated with ER runs will need to be
negotiated and made to ITS3. A core component of our request is, therefore,
that the project seeks ways to expedite a path to solve these issues, liaising with
the EIC Silicon Consortium. The goal of this is to ensure optimal alignment
between the pertinent EIC institutes, the project, and ITS3 in order to ensure
common goals and timely progress. This overarching request aims to mitigate
risks and is separate from the specifics for FY23 presented in the remainder of
this section.

The eRD113 R&D request for FY23 serves to enable significant representa-
tion of the EIC Silicon Consortium for the development of the EIC sensors and
make sizable progress. Institutional participation in sensor design and charac-
terization is given in Table 4. Table 1 lists known in-kind contributions, while
Table 2 presents the request for FTE support by function category. The costs
associated with this request are given in Table 3.
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Table 1: Known in-kind FTE contributions by function category and M&S.
Note that the UK contribution is in-kind on a best effort basis - not costed to
project. The UK contribution is funded via the UKRI-STFC Infrastructure
Bid for EIC R&D.

Institution Scientific PD Design Electrical Tech. M&S [k$]
Staff Eng. Eng.

UK Institutes 0.2 2.0 1.0 1.2 1.0 100 (design)
20 (char.)

INFN 0.3 0.2 0.3

Table 2: eRD113 requested support for FTEs by function category.

Institution Scientific PD Design Electrical Tech.
Staff Eng. Eng.

UK Institutes
INFN 0.25
BNL 1.5 0.5
LBNL 0.75
ORNL
LANL

Table 3: eRD113 requested FY23 funding support for effort, travel, and M&S
in FY23 k$. It is, furthermore, anticipated that a significant contribution to
the costs associated with the ER runs will need to be made to ITS3. This
is currently estimated to be at 10%–50% of the run cost, and will be needed
above the funding requests in this table. For FY23 specifically, it is expected
that UK funding can contribute up to 100 k$ to this run cost, but not fully
cover it.

Institution effort travel M&S Total
UK Institutes 0
INFN 20 10 30
BNL 962 22 984
LBNL 375 15 390
ORNL 7 7
LANL 5 5
+Total 1,357 37 22 1,416
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Deliverables and Milestones for this work are as follows:

• Deliverable - I: Complete Serializer Work.
Institution: RAL*.
Milestone: Report on serializer design.
Deadline: January 2023.

• Deliverable - II: Complete DC-DC Schematic Design.
Institution: RAL*.
Milestone: Report on DC-DC Schematic Design.
Deadline: June 2023.

• Deliverable - III: Complete Shunt Regulator.
Institution: RAL*.
Milestone: Report on Shunt Regulator.
Deadline: September 2023.

• Deliverable - IV: Design of small-footprint, 10-b medium resolution ADC for
on-a-chip monitoring with systematized and assimilated design rules for manu-
facturability and recommended rules for yield in accordance with the procedures
adopted for ALICE ITS3 CERN.
Institution: BNL.
Milestone: 1) crossverified report for DRC design rules, 2) development of
Schematics, Verilog-A model of the ADC block, design report.
Deadline: 1) December 2022, 2) June 2023.

• Deliverable - V: Assessment of remaining and uniquely EIC-suitable design
needs of functional and physical components established in updated review of the
needs with the ALICE ITS3 team, development of design specifications as IEC
SC to ITS3 sensor design and to be carried over to the EIC sensors and achiev-
ing conceptual readiness. Work initiated as RD will be continued as project
engineering development.
Institution: individual efforts or, if achievable, shared between RAL*/BNL/LBNL.
Milestone: 1) Review of ALICE ITS3 design needs, 2) draft of design speci-
fication of the identified blocks or functionalities, 3) report on development of
identified design items 4) EIC-ITS3 agreements and IP and, when necessary,
Export Control compliance review.
Deadline: 1) December 2022, 2) February 2023, 3) September 2023, 4) January
2023,

• Deliverable - VI: Analysis based on the ALICE ITS3 experience of stitching
methodologies for sensor layout, abstracted hardware description, and physical
floor-plans of sensor chips for the EIC LAS, including distribution of on-a chip
resources and methodology for grounding and shielding. Work initiated as RD
will be continued as project engineering development.
Institution: from each - RAL*/BNL/LBNL.
Milestone: 1) obtaining ITS3 technical data, conclusion on studies of rear-
rangement of ITS3 sensors, stitching and data flows - report. 2) report on
stitching and architectural organization of EIC LAS.
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Deadline: 1) January 2023, 2) June 2023.

• Deliverable - VII: Initiate conceptual design of EIC LAS adapted for serial
powering, including I/O interfaces connections and methodology of biasing of
sensor charge collection volume with serial powering.
Institution: RAL*/BNL/LBNL.
Milestone: 1) report on initial assessment of resources, feasibility of serial
powering and sensor biasing and modification with respect to sensors powered
conventionally, 2) draft of specification and report on design choices allowing
serial powering of EIC LAS.
Deadline: 1) April 2023, 2) September 2023.

• Deliverable - VIII: Results of test and characterization of test structures fab-
ricated on MLR1 and ER1.
Institution: UK - Institutions.
Milestone: report on assessment of design readiness of structures developed
for final submission.
Deadline: September 2023.

• Deliverable - IX: Results of tests and characterization of structures, such as
DPTS, from the ALICE ITS3 efforts and development of dedicated test setups.
Institution: LBNL/ORNL/LANL.
Milestone: established test environments using provided by ITS3 boards and
test equipment; further development of dedicated test environments.
Deadline: September 2023.

*Note that the UK contribution is in-kind on a best effort basis - not costed to project.

The UK contribution is funded via the UKRI Infrastructure Fund.

4.2 Request Justification

The dominant component in the scope of work covered by eRD113 is de-
signing MAPS circuits which, apart from being radiation sensors, are primarily
ASIC-type integrated circuits, whose role is to process the signals and allowing
reading out analog or digital data.

Carrying out the design of a single block of an integrated circuit with its
functional and physical verification or implementation of desired functionalities
that often rely on complex interwoven connectivity inside an ASIC (vide readout
protocols), preparation of comprehensive documentation, making it available for
integration of developed elements in a full system or prototyping in a form of
a test structure of such a functional block requires a time of not less than 6
months and the involvement of no less than one ASIC designer. In addition to
the mentioned pure ASIC design work, there are also the necessary reviews and
meetings. For reference, about 30 designers typically participate in the weekly
meetings with the ALICE ITS3 team.
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In short, the time-investments necessary to meaningfully contribute in sensor
development are significant. The eRD113 FY23 request, consisting of funds pri-
marily for design effort with associated support, travel and M&S based on past
experience, will serve to demonstrate engagement and credibility of a meaningful
scale towards readiness for the EIC LAS in subsequent years.

By comparison smaller amounts of support for workforce and associated
M&S are requested in the area of sensor characterization. INFN requests funds
to be able to support a postdoctoral researcher to work on EIC specific char-
acterization tasks for a fraction of 25% of their time, while in kind support is
provided for scientific staff, engineering, and technician time. A commensu-
rate amount of M&S is requested for electronics board design modifications and
production specific to the EIC effort. LANL requests support at the level of
10% of a staff scientist and 20% of a postdoc to take part in characterization
efforts and M&S to acquire the necessary test board. The ORNL M&S request
is for a high-speed differential scope probe for planned EIC characterization and
associated development.

4.3 Institutions and Contacts

Table 4 provides a list of the institutions involved in the eRD113 efforts and
institutional contacts. It covers both areas of eRD113 interest for FY23, i.e.
sensor development and sensor characterization. As EIC specific structures will
become available and additional institutions will join the efforts, we anticipate
further delineations in particular in the area of characterization.

Table 4: Institutions involved and institutional contacts
Topic Institution Institutional contact
Sensor Development RAL Iain Sedgwick

BNL Grzegorz Deptuch
LBNL Carl Grace

Sensor Characterization INFN Domenico Elia
UK institutes Laura Gonella
LBNL Yuan Mei
ORNL Jo Schambach
LANL Xuan Li
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A Project Engineering and Design (PED)

We propose to pursue project engineering and design tasks directly related and
in conjunction with the proposed R&D, as indicated in Section 4.1, towards the
next project readiness stage. We request PED funding for these tasks. The
Deliverables and Milestones are aligned in time with the anticipated results of
the RD efforts. Specifically, the Deliverables and Milestones for FY23 PED are
as follows:

• Deliverable - I: Design of functional and physical components established in
updated review of the needs with the ALICE ITS3 team, development of design
specifications as IEC SC to ITS3 sensor design and to be carried over to the
EIC sensors and achieving conceptual readiness.
Institution: individual or, if achievable, shared efforts between RAL*/BNL/LBNL.
Milestone: Review of ALICE ITS3 design needs, EIC-ITS3 agreements and IP
and, when necessary, Export Control compliance review.
Deadline: September 2023.

• Deliverable - II: Submission of developed structures for fabrication / fabricate
suitable designs for testing.
Institution: from each depending on advancement - RAL*/BNL/LBNL.
Milestone: Generate DRC and LVS clean GDS files; EIC-ITS3 agreements and
IP and, when necessary, Export Control compliance review.
Deadline: Fabrication dependent on ITS3 and ER2 timeline.

• Deliverable - III: Initial functional descriptions in ASIC CAD tools and phys-
ical floorplans of sensor chips for EIC LAS, including distribution of on-a chip
resources and methodology for grounding and shielding.
Institution: from each - RAL*/BNL/LBNL.
Milestone: obtaining ITS3 technical data, conclusion on studies of rearrange-
ment of ITS3 sensors, stitching and data flows - report.
Deadline: September 2023.

*Note that the UK contribution is in-kind on a best effort basis - not costed to project.

The UK contribution is funded via the UKRI Infrastructure Fund.

The necessary PED resources associated with these Deliverables and Mile-
stones are summarized in Tables 5 and 6.

Table 5: PED FTE needs by function category in FY23.

Institution Design Electrical Tech.
Eng. Eng.

BNL 0.8 0.5 0.25
LBNL 0.25
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Table 6: FY23 requested PED funding for effort and M&S in FY23 k$.
Institution effort M&S Total
BNL 671 100 771
LBNL 125 125
Total 796 100 896
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