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RD50-MPW series oo
https://rd50.web.cern.ch

e Four DMAPS prototypes designed by former RD50 CMOS group
e All fabricated in LFoundry 150 nm HV-CMOS process

RD50-MPW1 (2017) RD50-MPW2 (2019) RDSO MPW3 (2021) RD50-MPW4 (2023)

1}

N R T
AERERRRRERERARARAENENY

i

From C. ZhangA

e Large 64x64 pixel matrices and LVDS dlgltal readout (640 Mb/s) since MPW3
e RD50-MPW4: new guard rings for higher V> 600 V
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RD50 HV CMOS: Large collection electrode IRD50
Large charge collection electrode (deep n-well or DNWELL in p-substrate)

In-pixel readout electronics embedded inside DNWELL

Deep p-well (PSUB) for shielding = CMOS electronics can be used in pixel

Can bias substrate with high voltage to improve NIEL radiation tolerance

High voltage applied from the top side or back side after back side processing
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From E. Vilella et al 2025 JINST 20 C03044
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RD50-MPW4 ~RD50

3 kQ-cm (nominal) wafers thinned to 280 um ‘
3 wafers with topside biasing

2 of these wafers are backside processed

64 x 64 pixel matrix + digital readout periphery

62 um x 62 um pixel size

analog and digital readout inside pixel
double-column architecture — i
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RD50-MPW4 in pixel electronics

e Charge Sensitive Amplifier with injection circuit
e Comparator with 4-bit trimDAC
® Processing time (¥ ToT) for a 25 ke- signal <200 ns .
e Triggerless column drain readout architecture
e 8 bit pixel address for row (pixel) and column (EoC)
e 8 bitleading and trailing edges give ToT R o i sen s gyouapna vaasagie-
Analogue readout Digital readout e
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From C. Zhang
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RD50-MPW4 readout and data acquisition

e |2C protocol for slow control configuration
32 End of Column (EoC) that serialize data
Data is sent out through a 640 Mbit/s
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RD50-MPW4 |eakage current after irradiation
100 p
e Unirradiated samples: Leakage current
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Reverse Bias Voltage (V)

From B. Pilsl et al arXiv.2504.15730
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https://doi.org/10.48550/arXiv.2504.15730

Efficiency of irradiated RD50-MPW4
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Test beam at DESY with 4.2 GeV electrons
10 sensors were tested
Sensors were annealed at 60 °C for 80 min.
Efficiency degrades with higher fluences as

expected, especially in pixel corners
RD50_MPWx_0 Pixel efficiency map
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In-pixel efficiency

RD50_MPWx_0 Pixel efficiency map
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RD50-MPW4 efficiency vs bias and threshold FRoso
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e An efficiency > 99% was reached for fluences between 1e15 and 2e15 neq/cm2
e Backside biased sensors perform mostly better than topside biased sensors

Fake hit rate: acceptable up to Cl>eq=3-’IO15 neq/c:m2 and noisy from d>eq:5-1015 neq/cm2
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RD50-MPW4 spatial resolution RD50
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TPA lasers can be used for 3D
imaging of semiconductors

They are available only in a limited
number of HEP institutes: CERN
(CH), JSI Ljubljana(Sl), IFCA (ES),
NIKHEF(NL), Lancaster (UK), Oxford
(UK), Manchester (UK)...

At the CERN Solid State Detector lab:

e Backside illumination —— 1! k'«\\ % L,
e 1550 nm 400 fs pulse laser | 1exapodstage g 5‘; . Vl’/“ o=
e Non-backside processed sensor gy " 4" i '
e Hexapod stage for XY and Z Sensor and — T

e Injection 0.25 nJ / pulse front-end settings: ° Threshold 940 mV
e Shot rate 1kHz o V. _=-90V

bias
Jory Sonneveld TIPP 2026 — RD50-MPW4 HV CMOS 2026-02-05 1



Xz-scan, y = -1.522mm (Hexapod stage)

Depletion depth of RD50-MPW4

Reflection at metals\

—— Periphery, x/y = -0.019/-1.518

—— Center, x/y = 0.011/-1.522
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X [mm]

Xis scanned from O to 62 um Y=85 um

Z is scanned from O to 264 um
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https://doi.org/10.1109/TNS.2020.3044489
https://doi.org/10.1109/TNS.2020.3044489

Signal amplitude at different pixel depths

XY scan of 280 um thick sensor:

e Metal affects signal response. Electronics visible at the top.
e Edge of depletion region reached at -245 um.
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Summary and outlook

e The RD50-MPW are a series of monolithic High
Voltage CMOS pixel sensors

e With breakdown voltages over 600 V the
RD50-MPW4 can be fully depleted

e The RD50-MPW4 has high radiation tolerance with
high bias voltage and backside biasing

e The RD50-MPW4 has > 99% efficiency for fluences
up to 2e15 neq/c:m2

e A 3D image of the sensor was obtained using a
TPA laser

e R&D with LFoundry 150 nm continues within DRD3
with RadPix sensor towards LHCb Mighty Tracker

i
il
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Additional material




Leakage-Current (A)
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RD50 MPW4 behavior after irradiation FRD30

From Bernhard Pilsl
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Reverse Bias Voltage (V)

Reverse Bias Voltage (V)
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RD50-MPW4 |eakage current after irradiation " RD50

e Unirradiated samples: 1575
Leakage current O(10 nA)
atV _ ion= 190 V 104+
epletion .
e Sudden leakage increase = L
— ot irrad.
between 350 V and 450 V g 107 Not irrad.
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Nt

DESY Testbeam S0

e Adenium telescope with 6
ALPIDE planes

e AIDA-TLU for synchronization

Peltier based cooling setup

down to "0°C Up-stream  RD50 MPW4 Down-Stream
Telepix2 as ROl and timing layer

Data acquisition EUDAQ?2 | I90pm
Analysis using Corryvreckan
Allow distance between _

reconstructed track position and ) ngi?;'\r/]'fé’vﬁig't Telepix2
detected cluster at DUT of ™1.5x

pitch
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RD50-MPW4 ToTl and cluster size

From DESY test beam:
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RD50-MPW4 in pixel electronics

e Configuration registers:

- Each pixel has a serial-in 8-bit configuration register;

- Data sent in from the bottom.

Jory Sonneveld

PIX127

RD50
[
SER_IN ——i 7
: " . i l SER_OUT
; T: T wiu
SHIFT_CK
SHIFLEN ,  Write/read
PIX126 LD[0] / LD[1) /: LD[7] /
1 B
bit Name Description
0 INJ_EN enables the injection circuit
1 | SFOUT_EN | Enables SFOUT
2 TDACI0 trim-DAC configuration bit[0
3 TDAC|[1 trim-DAC configuration bit[1
4 TDAC|[2 trim-DAC configuration bit[2
5 TDAC|3 trim-DAC configuration bit[3
6 MASK Masks discriminator output
7 HB_EN Enables Hitbus
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RD50-MPW4 in pixel electronics

 Priority chain:

Digital readout

Top pixels have higher priority.

Pixel raise its Hit Flag after detecting a particle hit;

Hit Flag is sent to the following pixels using a OR chain;
Only the pixel with a Hit Flag can send out data through data bus;

Hitin Read bus
FREEZE (from previous pixel) TS(7:01 [23:0)
Hit Flag
WiLE /Readint
L———{LE TS RAM (8-bits) e
MASK TE MWITE :
- r = e ReadEn I :
Edge [ e Y a1
detector | g /Readin] Reag| O™ ———/—TETSRAM(B bits) E
j |-—RB oe—rD AWTE |—-RB cg| — {
ADDR ROM (8-bils) —]
ReadEn |_
RE OB IWILE
SR Q Hit Flag v v
Read HitOut
Joneilousl
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Multi-ring guard ring structure "“RD50
NR GRI1 GR2 GR3 GR4 GRS ER SR
& | P-well \
Matrix \ N-well P~ substrate
Deep n-well

e N-Ring (NR) formed with deep n-well implant
o three n-type implants with different depths in different colors
e n+p type ring structure for floating Guard Rings (GR1to GR5)
o different depths of the n-well
e Edge Ring (ER) to use the p-well implant
e ER electrically connected with the Seal Ring (SR)
e Total multi-ring structure width: 278 pum
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