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q Setting the stage
q The Monopix developments at UBonn (in coll. w/ CERN, CPPM, IRFU)
q Results on LF-Monopix1 and TJ-Monopix1
q The Monopix2‘s
q (Impressions on Bonn‘s new FTD) 
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TRACKER UPGRADES @ HL-LHC

− 2024/25++: Phase 2 ATLAS/CMS
completely replace their trackers
to face the very fierce environment

− ATLAS:
~ 165 m2 silicon strips 
~ 12 m2 silicon pixels (currently 2m2)

− CMS:
~ 220 m2 silicon strips 
~ 5-6 m2 silicon pixels (currently 2m2)

pixels
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FIERCE ENVIRONMENT AT THE HL-LHC (PP)
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Strip layers
• NIEL ≈ 1014 neq/cm2

• TID ≈ 10Mrad
• rate ≈ 30 MHz / cm2

• Large area O(100m2)
Outer pixel layers

• NIEL ≈  1015 neq/cm2

• TID  ≈  100 Mrad
• rate  ≈  300 MHz / cm2

• Large area O(10m2)
Inner layers

• NIEL ≈  5×1015 to 2×1016 neq/cm2

• TID ≈ 1 Grad
• rate ≈ 3-4 GHz / cm2

• Smaller area O(1m2)

Solution: pixels as much as possible / affordable / buildable in time

Dominating objectives to meet: 
Radiation levels, hit rates and 25 ns bunch structure

could be

CMOS pixels

-> DMAPS
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INTRODUCING DMAPS

Hybrid detector

Sensor

Readout

Sensor & readout

No need for fine pitch bump bonding between sensor and readout circuitry.

à Easier to produce and easier to test (one detector entity)

à Large cost reduction: sensor + R/O chip + BB à one chip

à Plus all the advantages that large CMOS Fabs may offer, including fast turn 
around, large wafer sizes, large throughput

monolithic active pixel sensor (CMOS)Depleted



Hybrid pixel detectors 

CMOS PIXEL DETECTORS
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RHIC
STAR

ALICE-LHC ILC / 
CLIC

HL-LHC
Outer Inner

Req. time resolution [ns] 110 20 000 350 / 156 25 25

Particle Rate [MHz / cm2] 0.4 < 10 < 3 100-200 2000

Fluence [neq / cm2] > 1012 > 1013 < 1012 1015 2 x 1016

Ion. Dose [MRad] 0.2 < 3 < 1 80 > 1000

Hybrid pixels -> DMAPS rejectedMAPS (e.g. ALPIDE)
HL-LHC devm’t: radhard (TID & NIEL) + fast response time + fast readout => Q coll. by drift  & full R/O arch.   

Malta

ARE THE FUTURE !
§ for particle physics
§ for high energy pp
§ for pCT
§ for imaging appl.     
§ other ... coming next: Belle II upgrade
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WHAT IS NEEDED TO REALISE (RADHARD) DEPLETED CMOS PIXELS?

from: www.xfab.com

“High” Resistivity Substrate (or epi) 
Wafers (100 Ωcm – kΩ cm)

Backside Processing
(for thin sensors and back side bias application)   

“High” Voltage add-ons
to apply 50 – 200 V biasd ⇠

p
⇢ · V

Multiple (3-4)
nested wells

(for shielding and 
full CMOS) kΩcm

~100 Ωcm

~10 Ωcm

I. Mandic et al., JINST 12 (2017) no.02, P02021

1

2

3

4

I. Peric, DOI: 10.1016/j.nima.2007.07.115
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LARGE VERSUS SMALL COLLECTION ELECTRODE (FILL FACTOR) 

CERN Seminar, 07.02.2020, N.Wermes

Electronics outside charge collection well
§ small electrode 

=> very small sensor capacitance (< 5fF)
=> lower analog power budget (noise, speed)
=> less prone to x-talk

§ on average long(er) drift distances and 
potentially low field regions 
à radiation hardness needs process mods 

Electronics inside charge collection well
§ large collection electrode

=> little low field regions 
=> on average short(er) drift paths
=> less trapping -> radiation hard

§ Larger sensor capacitance (pw & dnw!)
=> noise & speed/power penalty
=> possible x-talk (digital to sensor)

nw
deep pw

pwnw
NMOS

p-substrate

nw
PMOS

charge signal
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E.G. PROCESS MODIFICATION – TOWERJAZZ 180 NM CMOS
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nwell
Deep pwell

pwell pwellnwell
NMOS

pwell
PMOS

Spacing

Low dose N implant

P- Epitaxial layer

P++ Substrate

Depleted boundry

nwell
Deep pwell

pwell pwellnwell
NMOS

pwell

P- Epitaxial layer
P++ Substrate

PMOS
Spacing

Depleted

Modified process
- Additional planar medium dose N implant

=> depletion from two junction boundaries
full volume can be depleted
better charge collection in lateral direction

- Maintain small capacitance
- No significant circuit/layout changes

Standard process
- ALICE ITS type
- High res. p-type epi. (> 1 kΩ·cm)

=> thickness typ.  25 µm

- Quadruple-well
=> deep pwell shields nwell => full CMOS

- Reverse bias typ. -6V
=> enhanced (but not yet full) depletion
=> some charge collected by diffusion only => slow W. Snoeys et al. DOI: 10.1016/j.nima.2017.07.046

depletion boundary
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FOUNDRIES CONSIDERED & CHARACTERISED AT UBONN
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all feature sizes ≥ 130 nm

150 nm

180 nm

SOI 180 nm

130 nm

150 nm

130 nm
( )
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LARGE WORLDWIDE INTEREST IN DEPLETED CMOS PIXELS 
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design

Bonn  CEA/IRFU CERN  CPPM 
large electrode

LF TJ

small electrode

… and more
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5mm

5m
m

10mm

9.
5m

m

10mm

9.
5m

m

CCPD_LF
• Subm. Sep. 2014
• Fast R/O coupled to FE-I4

LF-CPIX (DEMO)
• Subm. Mar. 2016
• Fast R/O coupled to FE-I4

LF-Monopix1
• Subm. Aug. 2016
• Fast column drain R/O

LF-Monopix2
• subm. April 2020
• 50 x 150 µm2 pixels
• Full height matrix
• Fast column drain R/O

20
 m

m

10mm

LF-Monopix2

THE TWO DEVELOPMENT LINES

LF-CPIX
(Demon-
strator)

CCPD_LF LF-Monopix1
(Monolithic)

ALICE ALPIDE

5.
7 

m
m

5mm

INVESTIGATOR
• 2016
• 8 x 8 pixel 

submatrices

MALTA
TJ 
Mono
pix1

36.5x 36.5 µm2 36 x 40 µm2

MALTA (asynchronous) & TJ-
Monopix1 (column drain)
• subm. 2018
• large matrices
• fast asynchr & col. drain R/O

20
 m

m

18 mm

miniMALTA
• subm. 2018
• measures 

for rad. 
hardness

50 x 250 µm2 50 x 250 µm2

TJ-Monopix2

TJ-Monopix2
• subm. April 

2020
• 33 x 33 µm2 

pixels
• Full height 

matrix
• Fast column 

drain R/O

20 mm 10 mm
20

 m
m

CERN Seminar, 07.02.2020, N.Wermes



DMAPS
ANALOG FRONT END CHOICES
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Different electrode (large/small) approaches lead to different



• large electrode 
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ANALOG FRONT-ENDS - CSA VS. VOLTAGE AMPLIFIER
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B
ia

s
B

ia
s

THB
L

DAC

Thres. 
TuningCf

Preamp HIT

Charge Sensitive Amplifier
- Choice for large electrode design
- Gain (ideally) independent of CD

=> G ~ 1/Cf (typ. Cf ~ 5 fF)

- 𝜏#$% ∝
#'

()*#+
, 𝐸𝑁𝐶201234 ∝ 56

()

#'
7

8

=> requires larger gm (power) for large CD

=> typ. power 30 – 40 µW per pixel

- threshold trimming is advised and 
a standard in typical implementations
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ANALOG FRONT-ENDS - CSA VS. VOLTAGE AMPLIFIER
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AVDD

AVSS

IBIAS ITHR IDB

OUTA

OUTD

VCASN2
VCASN

VCASP

Vreset

pw
el
l

PIX_IN

M3

M2

M1

M0 M4 M6

M7

M8

M5

bi
as

Voltage amplifier (ALPIDE like)
- => Profit from small sensor capacitance

=> large voltage signal Q/CD @ input node
- Very compact design

=> amplification + shaping in one stage
=> simple inverter as discriminator
=> no threshold trimming used (see later)

- Optimized power for required timing
=> ~1 µW/pixel for 25 ns peaking time

D. Kim et al., doi 10.1088/1748-0221/11/02/C02042

• small electrode 
W. Snoeys, DOI: 10.1016/
j.nima.2013.05.073

𝑺
𝑵 ≈

⁄𝑸 𝑪𝑫
𝒈𝒎

~
⁄𝑸 𝑪𝑫
𝒎 𝑷

, 𝑷~
𝑸
𝑪𝑫

E𝒎



DMAPS
READOUT ARCHITECTURE CHOICES 
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- Small pixels
- High logic (memory) density

- Fast shaping
- High data transmission bandwidth

wanted
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WE CHOSE A “COLUMN DRAIN” ARCHITECTURE 
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Synchronous readout => time stamping in matrix

- Well established scheme in ATLAS – FE-I3 like (current pixel detector) 
- Demonstrated rate capability for the addressed goal (ITk outer pixel layers)
- Affordable in-pixel logic (storage & digital R/O)
- Challenges: preventing digital cross talk, pixel size, CD (for large electrode design)

LE

TE

D
at

a 
Bu

s

B
C

ID

To
ke

n
R

ea
d

Fr
ee

ze

Addr Pixel Logic

LE

TE

Addr

Column Controller

EoC buffers

PreampPreamp

- Hits read out sequentially, 
following a token passing 
scheme on a shared column bus

- Hit timing stamped in pixel
- LE: leading edge
- TE: trailing edge
=> Time of arrival: LE
=> Ana. info. from ToT

- BC ID (40 MHz) distributed in
the column
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WE CHOSE A “COLUMN DRAIN” ARCHITECTURE 
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Synchronous readout => time stamping in matrix

shown to be suitable for ITk OL rates
100 MHz/cm2

LE
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n
R
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ee

ze

Addr Pixel Logic

LE

TE

Addr

Column Controller

EoC buffers

PreampPreamp

- Hits read out sequentially, 
following a token passing 
scheme on a shared column bus

- Hit timing stamped in pixel
- LE: leading edge
- TE: trailing edge
=> Time of arrival: LE
=> Ana. info. from ToT

- BC ID (40 MHz) distributed in
the column
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ALTERNATIVE: ASYNCHRONOUS READOUT SCHEMES
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One to one connection Shared bus by pixel groups

DMAPS with asynchronous matrix => time stamping at periphery
=> Hits transferred to periphery immediately => calls for massive parallelism

A) B)

MuPix8

AT
LA

SP
ix

M
2

AT
LA

SP
ix

Si
m

pl
e

AT
LA

SP
ix

Is
oS

im
pl

e

o(400) lines in two metal layers; larger periphery

delay map
• Two high speed buses 

w/ short pulses (~1ns)
• Complicated balancing

for multibit data to arrive
simultaneously at bottom

• GHz synchronization 
needed

• Challenge: avoid data collisions



• Two large scale DMAPS chips were developed targeting data rates and radiation levels
expected at ATLAS ITk outer layers

– Following both, large and small electrode sensor designs employing two CMOS technologies
– and using the “column drain” architecture for the R/O matrix

• Simplified “downstream” data processing, e.g. no data buffering & triggering, no Gbps-link
link, …
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THE “MONOPIX1” CHIPS
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DACs

Config. registers

Col./Pixel config.

Gray counter + Sense amplifiers + EoC logic

Serializer + 
output driverOn chip

Off chip
Serial Config. dataR/O controller

Pixel 
col.

Pixel 
col.

Pixel 
col.

Output data

LF-Monopix1

TJ-Monopix1

Designed by:

Designed by:

~1×1 cm2

~1×2 cm2

36 × 40 μm2

pixels

50 × 250 μm2

pixels



RESULTS ON
LFOUNDRY 150 NM DESIGNS
q CCPD_LF q LF-CPIX q LF_Monopix1

Logic

- Pixel size: 33 μm × 125 μm
- Chip size: 5 mm × 5 mm
- Fast R/O with FE-I4
- Thickness: 750/300/100 μm
- Design by Bonn/CPPM/KIT 

- Pixel size: 50 μm × 250 μm
- Chip size: 10 mm × 10 mm
- Fast R/O with FE-I4
- Thickness: 750/200/100 μm
- Design by Bonn/CPPM/IRFU 

- Pixel size: 50 μm × 250 μm
- Chip size: 10 mm × 10 mm
- Integrated column drain R/O 
- Thickness: 750/200/100 μm
- Design by Bonn/CPPM/IRFU 



LFOUNDRY 150 NM
LARGE ELECTRODE (55% FF)
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LFA150: 
• LFoundry 150 nm process (deep N-well/P-well)
• Quadrupel well
• 7 metal layers
• Resistivity > 2 kΩ·cm
• Backside processing
• Voltages >  350 V

PW PWNW NW

NISO NISO

DNW

PSUB

PW PWnwell

P-substrate

Electronics
One pixel cell

Charge coll. diode
E

P+

~ 
10

0 
μm



24

LF-MONOPIX1: PIXEL LAYOUT
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- Pixel size 50 μm × 250 μm
• ~ 55% of “fill factor”
• “rounded” corner to minimize field

- Careful layout / precautions required to 
prevent cross talk from circuit layer to sensing electrode through psub/dnw capacitance

1. Separated analog/digital power domains
2. Digital “bulk” (in a separate pwell) is separated from digital ground
3. Full custom in-pixel digital design, optimising transient signal switching

250 µm

50
 µ

m

AFE Pixel conf. 
registers

Cc Pixel R/O logic RAM&ROM cells

DNW
NW
PW

active region

mim caps and routing



• Good radiation hardness of large electrode sensor proven in various prototypes
Passive sensor
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SENSOR IRRADIATION PERFORMANCE
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Bias voltage (V)

2×1015 neq/cm2

200µm fully depleted

I.Mandić, et al., 
DOI: 
10.1016/j.nima.2018.
06.062

LFoundry sensor structure

FE-I4

LFoundry
Passive sensor

LFoundry 150 nm CMOS
P-substrate > 2 kΩ·cm
Bias 100  - 400 V
7 metal layers

T. Hirono et al., DOI: 10.1016/j.nima.2016.01.088 
P. Rymaszewski et al., DOI: 10.1088/1748-0221/11/02/C02045

before
irradiation

after
irradiation

D.-L. Pohl et al., JINST 12 (2017) no. 06, P06020



PASSIVE CMOS SENSORS 
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− Cheaper

− High wafer throughput

− Exploit metal layers for
AC coupling and rerouting 

− WHY ?

LFoundry 150 nm + FE-I4

D.-L. Pohl et al., JINST 12 (2017) no. 06, P06020

->

1.14·1015 neq/cm2

AC

DC

100%

unirradiated

Results
• bias 120 V -> up to 350 V
• ~220 µm depletion depth
• same performance as standard planar sensors 

in terms of ileak and noise
• very high eff. after 1x1015neq/cm2

• in ATLAS ITk sensor market survey



IRRADIATED ACTIVE SENSORS  OF LF_MONOPIX1 

− Guard ring structure essential for high breakdown voltage (up to 300 V)

− Full depletion voltage @ 100 µm: unirr. Vdep = 7 V, irradiated Vdep = 130 V
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Active sensor

✓

unirradiated irradiated @ 1015 neq/cm2; 50 Mrad

unirradiated



• LF-CPIX X-ray irradiated to 100 Mrad
– Irradiated and measured at room temperature
– Tunable thresholds with almost unchanged dispersion
– Gain degradation <5%
– Noise increase ~25%

(probably largely due to ileak increase after irrad.)
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TID PERFORMANCE
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Normalized gain and ENC (LF-Monopix1)

Active sensor

Threshold dispersion (LF-CPIX)

T. Hirono, et. al, DOI: 10.1016/j.nima.2018.10.059

✓

tuned
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LF-MONOPIX1: IN-PIXEL DIGITAL LOGIC

29

• 8-bit time stamp & ToT @ 40 MHz 
(gray encoded)

• Full-custom digital circuit 

Time Stamp
HIT
LE
TE

Token Out
Freeze

Read
ReadInt

vd
da

B
ia

s
- H

V
B

ia
s

TH

HIT
TE

LE

EN
Q

Q

S

R

Q

Q

S

R

LE RAM

TE RAM

Addr. ROM

LE

TE

Token in
(from previous pixel)

HIT flag

Q

Q

D

EN

Time stamp
(8-bit)Read

ReadInt

Token out
(to next pixel) Column bus 

(24 bit)Freeze

ReadInt

R/O Logic

HIT

B
L

DAC
4 bit

Thres. 
Tuning

1st latch

Preamp + Discriminator

Cf

Preamp

LF-Monopix1 full column post layout simulation

Outputs of all CSAs

LF-Monopix2 full column post layout simulation

Output of one CSA
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LF-MONOPIX1: EFFICIENCY
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After  1015neq/cm2 (neutrons)

M. Barbero et al., 
arXiv:1911.01119, 
submitted to JINST

• High and uniform efficiency even after irradiation

Pixel 1 Pixel 2

Pixel 3 Pixel 4

Pixel 1 Pixel 2

Pixel 3 Pixel 4

~ 98%

Before  irrad.
- Noise occ. < 1.2 Hz/pix

< 10-7/25 ns/pixel
- 1% masked pixels
- Dry ice cooling
- Bias -200 V
- Thres ~1800 e-
- 𝜀 = 99.7 ± 0.1 %

- Noise occ. < 0.1 Hz/pix
< 10-7/25 ns/pixel

- 0.2% masked pixels 
- Dry ice cooling
- Bias -130 V (this sensor!)
- Thres ~1700 e-
- 𝜀 = 98.9 ± 0.1 %

99.7% 98.9%
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TIMING?

Beam

MonoPixScintillator

>40MHz

Delay = (Scintillator LE) – (MonoPix LE)

un-tuned!
2bins=83.0 ±0.8%

2bins=98.7±0.9%

Threshold: 1700 e-
Bias: -200V (0 neq/cm2)

-130V (1 x 1015neq/cm2)
DAC setting: Default
Temperature: cooled by dry ice

• >80% in-time efficient after 1 x 1015neq/cm2 .
Remarkable for CD ~ 400 fF and promising for new design with smaller CD

There is still plenty of room for improvement by tuning for lower thresholds and faster response
optimise CSA tune, discriminator settings, etc., ... higher bias voltage, backside bias

Two bins are “in-
time” efficient, as 

the absolute position 
of the scintillator 
signal is random 

relative to the clock 
edge



RESULTS ON
TOWER JAZZ 180 NM DESIGNS
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TowerJazz 180 nm CMOS CIS

- Deep pwell allows full CMOS in pixel

- 6 metal layers

- High res. epi-layer: 1–8 kΩ·cm

=> epi thickness: 18 - 40 µm
- Modified process to improve lateral depletion

Derived from ALICE development (led by CERN) 

nwell
Deep pwell

pwell pwellnwell
NMOS

pwell
PMOS

Spacing

Low dose N implant

P- Epitaxial layer

P++ Substrate

Depleted boundry

2 μm 3 μm



TJ – MALTA AND TJ - MONOPIX
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MALTA
MONOPIX1

asynchronous R/O
no clock distrib.
targeting low power

column drain
architecture

• Sensor design is identical
• Front ends similar (different biasing schemes)
• R/O architectures very different

Small electrode designs



• Pixel size 36 × 40 µm2

• 2 μm collection diode + 3 µm spacing 

• Separated digital & analog region, several 

• Full-custom digital design 
– 6 bit ToA & ToT

– Minimized area for small pixel size 

TJ-MONOPIX1: PIXEL LAYOUT

FE 
1 FE 2

FE 
3

FE 
4

Digital 
region

80 µm

72
 µ
m
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nwell
Deep pwell

pwell pwellnwell
NMOS

pwell
PMOS

Spacing

Low dose N implant

P- Epitaxial layer

P++ Substrate

Depleted boundry

2 μm 3 μm

112 columns

22
4 

co
lu

m
ns

Four equal sectors with different 
pixel/periphery designs 
(4 × 224 × 112 pixels



• Good noise performance 10 - 15 e-

-> Increased by ~10 e- after 1015 neq/cm2

• Thres. dispersion 30 - 40 e-

-> 50 - 65 e- after 1015 neq/cm2
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TJ-MONOPIX1 MEASUREMENTS (LAB & TESTBEAM)

55Fe spectrum (in ToT)

Long tail likely due to 
RTS noise in 

I. Caicedo et. al, DOI: 10.1088/1748-0221/14/06/C06006

Better noise & threshold tuning needed！
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CHARGE COLLECTION WITH SMALL ELECTRODES
− Epi thickness 20-30 µm 

− Field strength and shape under DPW in pixel 
corners is critical

Ø Full depletion under the DPW

Ø and operating at low threshold is essential

Ø Transverse field components in corners 
essential for radiation hardness Irradiated 1015n/cm2 @ 350e- threshold

2x2 pixel at 36 µm pitch 

nwell
Deep pwell

pwell pwellnwell
NMOS

pwell
PMOS

Spacing

Low dose N implant

P- Epitaxial layer

P++ Substrate

Depleted boundry

Unirradiated @ 
250e- threshold
2x2 pixel at 36µm 
pitch 
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OPTIMATIONS FOR RADIATION HARDNESS

MiniMALTA test chip
36x36µm2

after 1015 neq/cm2

M. Dyndal et al., ArXiv:1909.11987

1. Structuring underneath dpw

2. Lower thresholds and noise
-> mods to analog electronics

measures
1 plus 2

> 98%

> 98%
3. high resistivity substrate

(pCz … next slide)
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OPTIMIZATION FOR RADIATION HARDNESS
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Thres = 427e-

ENC = 9.8 e-
Thres = 260 e-

ENC = 12.7 e-
Thres = 226 e-

ENC = 14 e-

50%

100%

Efficiency

H. Pernegger, HSTD2019

MALTA Cz n-gap
2x1015 neq/cm2 

MALTA Cz n-gap
1x1015 neq/cm2 

MALTA Cz
unirradiated

e = 98.5% e = 97.0% e = 95.4%

n-irradiated (IJS) to 2x1015 neq/cm2 followed by DESY beam test
Full-size MALTA sensor with original front-end design on HR pCz (i.e. only measure no. 3)

preliminary
2x2 pixels



FROM MONOPIX1
TO MONOPIX2
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GOALS LF-MONOPIX2
Ø Smaller cell size ->  50 × 150 µm2 

Ø Reduce detector capacitance from 400 fF -> 250 – 300 fF
Ø Optimise digital design for minimum dig./ana. coupling
Ø New amplifier design (faster timing)
Ø Keep conservative and safe design (e.g. wide power metals,

guard rings) to ensure high breakdown tolerance

• 340 × 56 pixels
• 50 × 150 µm2



250 – 300 fF
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LFOUNDRY MONOPIX2 (LARGE ELECTRODE DESIGN)

Tape out: April 2020 • 340 × 56 pixels
• 50 × 150 µm2
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GOALS TJ-MONOPIX2
Large 2x2 cm2 sensor featuring

Ø Larger signal 
• high resistivity pCz material ? 

Ø More efficient charge collection
• modified sensor geometry (n-gap, extra dpw)
• optimum (smaller) cell size for given electronics

Ø Lower noise and threshold operation
• improved front end

gain increase 
RTS noise reduced 
less threshold dispersion 
threshold trimming 

18
-2

0 
m

m

19.8 mm

• 512 × 512 pixels
• 33.04 × 33.04 µm2
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TOWERJAZZ MONOPIX2 (SMALL ELECTRODE DESIGN)

TJ-Monopix1 TJ-Monopix2

Chip Size 1x2 cm2 (224x448 pix) 2x2 cm2 (512x512 pix)

Pixel size 36 × 40 µm2 33.04 × 33.04 µm2

Noise ≅11 e- < 10e- (improved FE)

LE/TE time 
stamp

6-bit 7-bit

Threshold 
Dispersion

≅ 30 e- rms < 20 e- rms 
(improved FE + tuning)

Minimum 
threshold

≅ 300 e- <150 e-

In-time 
threshold

≅ 400e- 250 - 300 e-

Efficiency ≅ 70 % (irradiated) > 95% (irradiated)

Tape out: April 2020
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q Development of DMAPS with full R/O needs time (and care)
q MONOPIX developments with large and small electrode  

can be considered as viable options for HL-LHC trackers
q Col-drain architecture meets Layer 4 rates with a (x10) margin
q Large electrode 

- high beak down voltage
- large signal
- high efficiency after 1015 neq/cm2

q Small electrode 
- low capacitance, low noise
- low power, large Q/C
- ways towards radiation hardness identified  

q Stay tuned for large MONOPIX2 chips



FTD BONN
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FTD = RESEARCH & TECHNOLOGY CENTER FOR  DETECTOR PHYSICS

ELSA

FTD building

cyclotron

• hosts 10 Groups from 2 institutes from 
- High Energy & Hadron Physics

- LHC: ALICE, ATLAS, LHCb
- Belle II, COMPASS, Crystal Barrel,

BGO-OD, ILC, PANDA
- RD42, RD50, RD53

- Photonics
• 2 local accelerators 

electron stretcher ring ELSA (3.5 GeV e-) 
cyclotron 15 MeV p (and ions)
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FTD BUILDING

lab area:  2010 m2 

• 4 levels + underground laboratory
• 360 m2 clean rooms (ISO 5 – 6)
• air flow / technique on upper most level

office area:  880 m2 on 4 levels
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TARGET TECHNOLOGIES AND APPLICATIONS

clean room and lab area

Bonding techniques 
& wafer tests

Flip-chip/3D assemblies
wire Bonding

chip tests

Micro/nano-
Structuring

Wafer Post Processing (…)
Photonic Metamaterials

fine pitch structures
high density interconnects

Kapton GEM foils

detector modules 

mechanics
QA

structure size

Pixel detectors (hybrid, gaseous, monolithic/CMOS)

Photonics

TPC detectors (GEMs) calorimeters

maximise synergies between development areas



49

EQUIPMENT

CERN Seminar, 07.02.2020, N.Wermes

Existing equipment (standard for microlabs) 
wire bonders (4)
wafer probers (2 x 8“ , 1 x 12“) 
laser test systems
rad. source test benches
microscopes
electronics meas. equipment (scopes, logic
analysers, function & pattern generators, 
network analyser, etc.)
... has been updated within FTD acquisition

Newly acquired (big) equipment for FTD 
A) New for micro electronics and detectors
B) Micro structuring (to try things out … simple structures at first)
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NEW EQUIPMENT: MICRO ELECTRONICS AND DETECTORS

CR: PacTech

Solder ball placer
up to 8“ wafers
pitch ≲ 100 µm
min ∅ = 40 µm

Flip-chip bonder
can do  25 µm (→ 10 µm) 
AgSn bumps with <1 µm accuracy

CR FineTech

Wafer saw
12“ wafers
autom. step-cut dicing

CR DISCO

X-ray inspection
precision < 1µm 
scan area (20cm2)

wafers, ball-bonding and inspection
CR: Nikon
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NEW EQUIPMENT: MICRO ELECTRONICS AND DETECTORS

X-ray cabin for TID irradiation
100 kV, 2 Mrad / h

Marta CO2 
cooling
machine

cyclotron  

15 MeV p irradiation
1016 neq/cm2

in about 2 hrs

irradiation and measurements

3D measuring machine
laser-based tracker
contact-less
1 µm resolution

ELSA testbeam
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MICRO STRUCTURING / POSTPROCESSING

2.2. Padenlargement Chips 23

(engl. Postprocessing) unterzogen, bei dem größere Metallpads auf dem Chip angebracht wur-
den. Am Fraunhofer Institut für Zuverlässigkeit und Mikrointegration (IZM) in Berlin wurden
insgesamt neun verschiedene Pad-Geometrien gefertigt, die in Abbildung 2.4 dargestellt sind. Im
Nachbearbeitungsverfahren wird zunächst eine 6 µm dicke isolierende Schicht Benzozyklobutan
(BCB) auf den Timepix-Chip aufgetragen. Auf diese Passivierung wird durch Sputtern eine 200
nm dicke Schicht Titan-Wolfram und eine 300 nm dicke Schicht Kupfer aufgebracht. Das Metall
dient als Startschicht für die durch galvanische Schichtabscheidung erzeugten, neuen Pads. Die
neuen Pads bestehen aus 3–4 µm Kupfer und werden an einer Stelle zum Bump-Bond-Pad des
Timepix Chips kontaktiert. Abbildung 2.3a zeigt den schematischen Querschnitt der nachbe-
arbeiteten Chips (engl. Pad Enlargement Chip). Die gefertigten Chips haben Pad-Größen, die
(1 ⇥ 1) bis (10 ⇥ 10) originalen Timepix-Pixeln entsprechen. Aufgrund der Tatsache, dass die
Bump-Bond-Pads der Timepix-Chips nicht die gesamte Pixelgröße ausfüllen wurde auch ein Chip
der Padgröße (1⇥ 1) gefertigt. Im weiteren Zusammenhang werden die verschiedenen Chips an-
hand ihrer Pad-Größe in Bezug auf die originalen Timepix-Pixel bezeichnet (z.B. (5⇥ 5)-Chip).
In Abbildung 2.3b ist die lichtmikroskopische Aufnahme eines solchen Chips zu sehen, dessen
Pads die Fläche von (5⇥ 5) Timepix-Pixeln überdecken.

Bump-Bond-Pads

BCB-Schicht

Timepix

neues Cu-Pad

a) b)

Abbildung 2.3: a) Schematische Darstellung des nachbearbeiteten Timepix-Chip. b) Lichtmikroskopische
Aufnahme der Oberfläche mit neuen Aluminiumpads eines (5⇥ 5)-Chips: Durch die bei-
den neu aufgetragenen Schichten aus BCB und Aluminium lässt sich die Struktur des
originalen Timepix-Chips mit (5⇥ 5) Bump-Bond-Pads pro neuem Pad erkennen. In der
Mitte jedes neuen Pads befindet sich die Durchkontaktierung zu einem Bump-Bond-Pad.

1x1
1x3

1x5 2x2 3x3 4x4 5x5 10x10 Kreuz

Abbildung 2.4: Die neun am IZM Berlin hergestellten Padgeometrien – Neben quadratischen wurden
auch streifen- und kreuzförmige Pads, sowie Pads mit mehr als einer Durchkontaktie-
rung angefertigt. In den Teststrahlmessungen kamen (1⇥ 1)-Pads, (2⇥ 2)-Pads mit einer
Durchkontaktierung, (4⇥ 4)-Pads und (5⇥ 5)-Pads zum Einsatz.

CMOS surface post
processing (e.g. pad 
enlargement, re-routing)

Structuring of
flexible 
materials (e.g. 
Kapton/Cu, 
GEMs etc.)

Complex structures
on top of CMOS chips (e.g. InGrid)

  

     

maXs20: 1d-array for soft x-rays  
� 1×8 x-ray absorbers 

� 250Pm×250Pm gold, 5Pm thick 

� 98% Qu.-Eff. @ 6 keV 

� electroplated into photoresist mold (RRR>15) 

� mech/therm contact to sensor by stems 
       to prevent loss of initially hot phonons 
 

� Au:166Er300ppm temperature sensors 
� co-sputtered from pure Au and high conc. AuEr target 

� Meander shaped pickup coils  
� 2.5 Pm wide Nb lines 

� Ic у�ϭϬϬŵ� 

� On-chip persistent current switch  (AuPd) 

250 Pm 

Au:Er 
on 

Nb meander 

low-T sensors
MMC, TES; 
SC structures,
SQUIDS

Plasma Etching

Maskless Aligner

Sputtering

Ion Etching

3 wet benches for chemistry (for GEMs & other) 
and spin coating => to try things out (backside stuff, (D)RIE, TSVs)



IMPRESSIONS

move-in July 20


