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RD50-MPW1 (common project 2017-07)
ÁMain goals

To gain expertise, test the process (LFoundry 150 nm HV-CMOS) and 
test novel designs
Process regarded attractive because of HV, nested wells, access to 
HR wafers in MPW submissions and affordable cost

ÁChip contents
Tests structures for e-TCT and CDETmeasurements
Matrix of depleted CMOS pixels with 16-bit counters
Å26 x 52 pixels
Å75 ˃ m x 75 ˃ m pixel area

Matrix of depleted CMOS pixels with FE-I3 style readout
Å40 x 78 pixels
Å50 ˃ m x 50 ˃ m pixel area

Analog and digital readout embedded in the sensing area
One LVDS link per matrix
Fabricated on 500 ҠϊŎƳ ŀƴŘ мΦфƪ ҠϊŎƳ ǿŀŦŜǊǎ

Analog readout

Digital readout
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RD50-MPW1 ςCurrent-to-voltage characteristics

ÁI-V of central pixel (50 ˃m x 50 ˃ m)
ÁMeasurement done using a probe station with sensor in complete darkness
ÁVBD~55-60 V as expected from design, but ILEAKwas too high

ÁDespite high ILEAK, the chip worked
ÁThe issue was extensively studied: TCAD simulations + support from the foundry (we learned 

a lot)

Pixel 0
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RD50-MPW1 ςeTCT measurements
ÁTest structure

3 x 3 pixel matrix without readout electronics
Central pixel to read out, outer pixels connected together

ÁIrradiation
Samples irradiated at TRIGA reactor in Ljubljana (1E13 to 2E5 neq/cm2)

ÁDepletion depth changes with irradiation + acceptor removal effects seen

600 ʍcm
(500 ς1.1k ʍcm)

1.1k ʍcm
(1.9k ʍcm)

Central 
pixel

Outer pixels
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ÁXilinx Zynq-7000 SoC board
ZC706 (ZC702 possible too)
Dual-core ARM Cortex-A9
Artix 7 FPGA
2 FMC connectors, GbE, 1 GB DDR3 SDRAM, 
128 Mb SPI flash memory, SD card, USB, etc.

ÁControl and Readout (CaR) board
Development of Brookhaven National 
Laboratory
Provides common services like power supplies, 
voltage outputs, ADCs, I2C bus, TLU input, etc.

ÁCustom chip board
Provides chip specific features
To be developed for each new device

RD50-MPW1

RD50-MPW1 hit map
Mismatch between 
sent and measured 
hits in some pixels

Chip board
CaR

FGPA board

DAQ ςCaribou (common projects 2021-01, 2023-04)



28.11.2023 ςLast (43rd) RD50 Workshop @ CERN ςEva Vilella 9

RD50-MPW1

ÁCƛǊǎǘ ǇǊƻǘƻǘȅǇŜ ǿŀǎ ƴƻǘ ƎǊŜŀǘΧ

It had bugs

Á/ƛǊŎǳƳǎǘŀƴŎŜǎ ŀǊƻǳƴŘ ƛǘǎ wϧ5Χ

The technology process was new to us and we had to understand it

ÅWe did it the hard way

We developed all the IP from zero

ÅThis was a lot of work

RD50-MPW1 was a version zero chip

ÅYet ambitious chip

ÅIt implements advanced electronics (analog+ digital readout) in a very small 

pixel cell (50 ˃m x 50 ˃ m pixel), plus it has a digital interface

Small team
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Towards RD50-MPW2 ςGoal to minimise ILEAK

ÁThe issue ςwhat we learned from several discussions with the foundry (*)

Structures involving conductive material are added to the design files to prepare them for 

fabrication (in the pixels, peripheral readout electronics, I/O pads, etc.)

These structures contribute quite significantly to the high ILEAK

ÁThe solution ςsuggested by the foundry

Minimise the presence of these structures as much as possible

Wherever not possible, place these structures inside a PWELL

Conductive 
material
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The importance of TCAD simulations

Electron current density simulation
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Towards RD50-MPW2 ςGoal to minimise ILEAK

ÁThe issue

Some pixels can be quite close to the edge of the chip

Defects in silicon lattice due to dicing can become significant

Leakage current increases when pixel depletion region is near the defect region

ÁThe solution

N-ǘȅǇŜ ƎǳŀǊŘ ǊƛƴƎ ŀǎ ǎŀŦŜƎǳŀǊŘ ǘƻ άŎƻƭƭŜŎǘέ ƭŜŀƪŀƎŜ ŎǳǊǊŜƴǘ

P-ǘȅǇŜ ƎǳŀǊŘ ǊƛƴƎǎ ǘƻ ǊŜŘǳŎŜ άŎƘƛǇ ƭŀǘŜǊŀƭέ ŘŜǇƭŜǘƛƻƴ
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The importance of TCAD simulations

1) Without defects (ideal case)

2) With defects and no guard rings

3) With defects, and n- and p-type rings

4) With defects, and n- and p-type (with deep p) rings
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RD50-MPW2 (common project 2019-01)
ÁMain goals

To implement solutions to minimise high leakage current observed in 
RD50-MPW1
To test these solutions in a small matrix

ÁChip contents
Tests structures with depleted CMOS pixels
Matrix of depleted CMOS pixels
Å8 x 8 pixels (two pixel flavours)
Å60 ˃ m x 60 ˃ m pixel area
ÅAnalog readout embedded in the sensing area
ÅMatrix outputs are pixel amplifier and comparator (one pixel at a 

time), no digital readout
SEU tolerant memory array
Bandgap reference voltage
Test structures with SPADs and depleted CMOS pixels
Fabricated on standard, 100 ҠϊŎƳΣ мΦфƪ ҠϊŎƳ ŀƴŘ оƪ ҠϊŎƳ ǿŀŦŜǊǎ
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RD50-MPW2 ςCurrent-to-voltage characteristics

Lψ[9!YҨҨ

RD50-MPW1

RD50-MPW2

Ҧ ±ψ.5ҧҧ
όtb ǎǇŀŎƛƴƎҧύ

RD50-MPW1 RD50-MPW2
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RD50-MPW2 ςCrisis
ÁFabrication delay

Chip submitted in early 2019
Chip delivered in early 2020
Many months delay due to foundry refurbishment

ÁCovid
Many RD50-MPW2 measurements produced during lockdowns
People had test stands in their living rooms

{ŀƳΩǎ ƘƻƳŜ ƭŀō

Klemens + Patrick + 
Christian at MedAustron 

in Dec 2020
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RD50-MPW2 ςPixel matrix

Bias block
Configuration 

registers

Continuous 
reset pixels

Switched reset 
pixels

Analog
readout

Digital
readout

2 pixel flavours 
focused on 

improving the 
readout speed
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Pixel flavours ςContinuous reset

Injection circuit Amplifier + feedback 
loop for reset

Trimmable comparator

Comparator 
output

Source follower 
output
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Pixel flavours ςSwitched reset

Injection circuit
Amplifier + feedback 

loop for reset

Trimmable comparator

Comparator 
output

Source follower 
output

Additional, small current for 
faster return to baseline
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RD50-MPW2 ςLab measurements: matrix electronics
ÁMany measurements of active pixel matrix

In-pixel calibration circuit (S-curves)
Pixel gain and noise
Trimming DACs
Response to radioactive sources
At several HV, before and after irradiation

S-curves for all pixels with threshold variation

Trim DAC values adjustedTrim DAC value 15

RD50-MPW2 DAQ
Caribou
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RD50-MPW2 ςLab measurements: timing
ÁMain goal

To study time-walk dependence on pixel position

ÁMethod and results
Using edge-TCT setup
Measuring in-pixel comparator output
Evaluate average charge collection or ToT (L) and timing or ToA(R)

Evaluated volume: 50 µm x 
80 µm (W x H), starting 20 

µm below the surface
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RD50-MPW2 ςLab measurements: timing
ÁGoal

To study matrix and in-pixel time resolution

ÁMethod
Using edge-TCT setup (back measurements)
Measuring rising time of in-pixel comparator output 
and comparing it against laser pulse 

FPGA CaR

Laserlight

RD50-
MPW2

_̀switched = 211 Ñ45ps
_̀continuous = 227 Ñ27ps

Switched reset pixels have
slightlybetter time resolution

_̀switched = 250 Ñ42ps
_̀continuous = 267 Ñ56ps

Better time resolution under 
collection well

Matrix time resolution In-pixel time resolution
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RD50-MPW2 ςLab measurements: timing
Laserlight

ÁGoal
Timing measurements with 90Sr source

ÁMethod
Reference signal from 1 mm x 1 mm LGAD detector behind 
the CMOS chip
Trigger:sample+ LGAD
LGAD jitter of ~30 psnegligible in comparison with jitter of 
CMOS pixel
Lowrate: ~1 event/min
with 18MBqsource
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RD50-MPW2 ςUsed with TPA laser
ÁGoal

To study pixel matrix and setup equipment

ÁMethod
Highprecisionxyprobingof in-pixelstructure
Detailed map of the electric field

CERN setup

NWELL ring

CERN

Ljubljana
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RD50-MPW2 ςTest beams with protons
ÁMain goals

To integrate RD50-MPW2 into test beam data acquisition 
system and evaluate the chip with a particle beam

ÁMethods
Switched reset pixel
ÅToT in simulations ~30 ns (for all energies)

Standalone firmware (counter in FPGA)
Double sided silicon strip detectors as trigger
Triggered by coincidence with AIDA-TLU

Measurements (800 MeV 
ǇǊƻǘƻƴǎύ Ҧ ƛƴ ƎƻƻŘ ŀƎǊŜŜƳŜƴǘ 

with simulations

MedAustron(Austria)

Rutherford Cancer Centre (UK)
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RD50-MPW2 ςTest beam with ions

ÁAt RBI in Zagreb (ion microbeam facility)
To see SEU events
To measure pixel CCE


