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HEP group of the PSI lab for particle physics
• HEP group is one out of 7 groups of the Lab for Particle Physics
• Head of the group since 10/2020 is Lea Caminada (who leads in addition a group at UZH)
• Present staff: 10 scientists, 3 PhD students (1 ETHZ, 2 UZH) + 1 technician
• Close collaboration with UZH and ETHZ 
• Main activity CMS

 Development and construction of hybrid pixel detectors
 CMS pixel barrel P0, lead institute for pixel barrel P1
 Building/testing modules for TEPix (P2)

 Operation of pixels in CMS
 Analysis of CMS data
 Chip development for timing layer (bump bonded to LGADs)

• Generic sensor R&D  presently 4 persons→
• Competences

 Chip design
 (In house bump bonding)
 Sensor design
 Integration
 System architecture (readout systems, testing, …)



08.01.2025PSI Center for Neutron and Muon Sciences3

PSI Activities in DMAPS R&D
PSI started this activity after finishing of CMS pixel layer 1 
replacement (~2019) in collaboration with ETHZ
● DMAPS considered to replace hybrid pixels
● Experience in mixed signal design and system architecture
● Prototyped chips in two technologies

— Small fill factor: MoTiC (LF 110)  Ali’s talk (Jul. 16, 2024), thesis of S. Burkhalter (ETHZ)→
— Large fill factor: TSI-R4S (TSI 180), now LF 150

Make technology available to smaller experiments (e.g. at PSI)
● Low data rates (compared to CMS)
● Moderate timing requirements (0.1 – 1ns)
● Basically no radiation hardness required
● Thin (low energy particles)
● „Low power“ (operation in vacuum, low material)



08.01.2025PSI Center for Neutron and Muon Sciences4

DMAPS Flavours

Large fill factor (area of collection electrode)
● Large sensor capacitance
● higher noise, high power needs (for fast amps)
● Shorter drift paths, homogeneous electric field 

 +for timing (< ns), + rad hardness
● X-talk issues from electronics into collection 

node (improved by an isolated n-well)
TSI 180 (discontinued), AMS, LFoundry 150 

Small fill factor 
● Small sensor capacitance
● less noise, low power needs (for fast amps)
● Longer drift paths and low field regions 

 -for timing (<10ns), - rad hardness
● Need to find new ways to form fields

LFoundry 110, (ESPROS), TowerJazz 
LF110  Collaboration with Arcardia, INFN Torino

deep nwell

nw pwpw

-HV

p substrate

pmos nmos

signal

LV

deep pwell

pw nwnw

n substrate

pmos nmos

GND

p+

full depletion

signal

p-iso



08.01.2025PSI Center for Neutron and Muon Sciences5

TSI 180 prototype (“TSI-R4S”)

● Prototype run shared with KIT 
● p-iso-well is not standard in this 

techonolgy (p-MOS transistors)
●  P-substrate, resistivity ~370 Ωcm (spec)
● 20 × 20 pixels
● Pitch: 50µm × 100 (150) µm
● Simple R4S like architecture
● 4 bit trimmable discriminatiors in each pixel
● Narrow timetable: 

● Submitted 05/2022
● Wafers received 12/2022
● Diced (and thinned) chips received 05/2023
● Test beam 06/2023

● Chip desinged by Hans-Christian Kästli
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Pulse height calibration with X-rays

● Use X-ray tube with inserted targets
● Random triggers with a predefined rate
● Copper line (8.0 keV / 2200 electrons) is 

clearly visible
● Iron line (6.4 keV / 1800 electrons) also 

visible but spectum likely cut 
● Threshold < ~1800 electrons
● Cross talk to the charge sensitive node 

at any digital activity  chip was set →
insensitive for readout

● Response of readout chain linear within 
the range of the targets

● Saturation for large signals (above 
~10000 electrons)
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Testbeam set up at DESY

DESY test beam beam line 22
● 4.8 GeV electrons
● 6 layer Mimosa telescope «Duranta»

Data taken using discriminator
● Bias scan at perpendicular incident angle
● Angle scan (not shown here)

With external trigger
● «Long» run at perpendicular incidence angle
● Bias scan at 80 degree incidence angle

Results
● Chip works
● SNR needs to be improved

● Higher bias voltage (improvment of GRs)
● Higher resistance of bulk material
● Less cross talk, lower threshold



08.01.2025PSI Center for Neutron and Muon Sciences8

DMAPS chip „Panther“
Bosch bought TSI and closed down the 
process on short notice in Dec 2023

 → We continue with LF150
● Similar
● Used by many others (Bonn, Paris, RD50,…)

Chip „Panther“ submitted in May 2024
● Pitch 75µm × 75µm, 48 rows, 3 × 14 cols
● 3 types of preamps optimized for either 

timing or power or SNR
● Tunable discriminator in each pixel (zero 

suppression)
● 1 TDC per col (~200ps)
● Trigger output
● Assuemed power consumption ~400mW/cm2

● Available from Jan 2025
● Testbeam at DESY in June 2025
● If successful  plan for a larger demonstrator chip in →

2026

Main DMAPS chip

E
dg

e 
T

C
T

GRs

Sensor
Var



08.01.2025PSI Center for Neutron and Muon Sciences9

Possible use of DMAPS in PIONEER

Upstream detectors/DTAR
● Several parallel plains (simple?)
● Material not so critical (active cooling possible?)
Tracker
● Geometry challenging (especially end cap)
● Power needs/cooling have to be considered
● Very good spatial resolution (alignment?) 
● Simulation study is needed 

● What are the KPPs (spatial and time resolution, rate 
capability, efficiency, geometry …)?

● How much inactive material can be tolerated?
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Summary

● PSI HEP group is developing DMAPS chips
● A full size demonstrator might be available in 2026
● We are looking for applications in low and medium energy 

physics
● For Pioneer DMAPS might be suitable as

● Upstream detectors/DTAR
● Tracker

● Simulation study needed
● In case feasibility is shown, we would like to contribute, but 

collaborators are needed
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Backup slides from Mu3e
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4th Mighty Tracker Workshop 2024 Thomas Rudzki – Universität Heidelberg

Low mass pixel detector

Detector composition:

● High-density interconnect (HDI) + HV-MAPS (50 µm thin)
● HDI = Aluminium-based flexprints
● X/X

0
 ≈ 1.15 ‰ per tracking layer

12

Aluminium vs. Copper

Radiation lengths
X

0
(Cu) = 12.86 g/cm² → 1.436 cm

X
0
(Al) = 24.01 g/cm² → 8.897 cm
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Construction challenges for the pixel detectors

● Thin chips
○ Post-processing and qualification
○ Handling
○ QC

● Thin Aluminum-Kapton HDIs
○ Both electrical and mechanical integration
○ Reduced number of lines, no electronic components

● Compact design
○ Cabling and routing

● Helium cooling system [not in this talk]
○ ~250 mW/cm2

○ Helium plant
○ Flow control

10

Mu3e Vertex Detector

Vertex collaboration:
Uni-Heidelberg, Uni-Zurich, PSI

[Luigi Vigani, Uni Heidelberg at Pixel 2024]
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