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Research Thrusts 
•  Precision tracking to enable high resolution calorimetric measurements 

–  Low mass 
–  Unprecedented momentum resolution:  
–  Good double track separation: ~150 µm  
–  Hermetic, uniform coverage  
–  Excellent pattern recognition capability 
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Technology Tree 

Research Thrusts 
•  Precision vertexing/tracking/imaging ideally requires detectors that have 

–  zero mass: transparency of ~0.1% X0 
–  zero power: allow for air cooling (< 50 W) 
–  zero dead zones, zero dead time 
–  zero effective occupancy: integration over few bunches  
–  zero noise susceptibility: EMI immune  
–  1/zero precision: spacepoint < 5µm,  

              impact parameter 5µm$⊕$10µm/(p$sin3/2$θ)$)$
–  1/zero pattern recognition  

capability: many layers close to IP  

•  Many technologies actively pursued.  
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( Technology map from “LC Detector R&D Status and Overview” by Marcel Demarteau )
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Vertex

3



Thin DEPFETs for vertexing – production status  

LCWS Tokyo, November 2013 Ladislav Andricek, MPG Halbleiterlabor 2 

� pxd6 finished and extensively tested : 50 µm DEPFETs 

� pxd9 (75 µm DEPFETs) for Belle II 

� Three batches in production  
(10 wafers each) 

� FEOL of first batch done  (next: metal system) 

� 2nd and 3rd batch following 

pxd6 pxd9 

Prototype for ILC!

Sensor and r/o electronics: Beam test with the full system 

LCWS Tokyo, November 2013 Ladislav Andricek, MPG Halbleiterlabor 

PXD6 Belle II design 
 
Z Thin (50 µm) sensor 32x64 pixels 
Z Pitch 50x75 µm2 

 

Z SwitcherB and DCDB at full speed 
Z Belle II prototype power supply 
Z DCDB readout at 320 MHz Æ 100 ns row time 

� 20 µs frame time for Belle II full ladder 
 

Z 99% Efficiency 
Z S/N for MIPs: 20-40 depending on gate length 

gqуϰϱϬ�pA/e-��

Cluster 3x3 signal 
MIP Perpendicular incidence 

~ϭϬ�ђŵ����������������ƌĞƐŽůƵƚŝŽŶ���

DCD 

DHP 

50µm
thin DEPFETs 

SW
B 
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PXD6 test results

ILC challenges:
Thinner sensors

with smaller pixels (20um)

FET amplifiers are
incorporated into a
fully depleted sensor

substrate
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Micro-channel device for effective air cooling being developed (DEPFET)

Handle wafer before bonding 

LCWS Tokyo, November 2013 Ladislav Andricek, MPG Halbleiterlabor 18 

Inlet and outlet is ~350 µm deep, 400µm wide 

Cavity etch and SOI done at Icemos, Belfast 

 

Status:  

9 CSOI finished 

9 first oxidation done ….  
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SUMMARY
• CPS are getting validated in subatomic physics experiments
↪→ STAR-PXL: 400 sensors in 0.35 µm process, 350 Mpixels, 0.37 % X0, 190 µs, 3.7 µm, 160 mW/cm2

• Recently addressed 0.18 µm CMOS process offers perspective of faster read-out suited to :
◦ 1 TeV ILC running conditions

◦ standalone Si tracking based on track seeds in VXD

◦ Added value : substantial improvement of radiation tolerance

• Preliminary test results of 0.18 µm CMOS technology indicate that it is the 1st CMOS process
allowing to come close to the real CPS potential :

◦ innermost layer : < 3 µm and ! 2 µs ◦ outer layers : < 4 µm and ! 10 µs

◦ VXD power consumption : < 600 W (inst.) / < 12 W (average)

• 0.18 µm CPS development sustained by ALICE-ITS, CBM-MVD, AIDA-BT :
◦ 2012: validation of charge sensing properties!
◦ 2013: validation of upstream and downstream sensor elements!
◦ 2014/15: validation of complete sensor architecture with ”1 cm2” MISTRAL/ASTRAL prototype

◦ 2015/16: pre-production of MISTRAL/ASTRAL sensor for ALICE and CBM

↪→ 2017-19: adapt MISTRAL/ASTRAL to ILC vertex detector" BUNCH TAGGING ?

• Experience getting accumulated on system integration aspects within STAR & ALICE environments

18

CMOS pixel sensors
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Neutron irradiation test of FPCCD

Result 
- CTI 

LCWS @Tokyo University  20 2013/11/12 

Before irradiation test After irradiation test 

X direction : (1.844±0.547)×10  
Y direction : (4.660±2.135)×10  

X direction : (6.392±0.626)×10  

Y direction : (2.834±0.247)×10  

CTI / pixel was … 

Result 
- Hot pixels 
After irradiation, we saw many hot pixels. 

LCWS @Tokyo University  18 2013/11/12 
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Prototype 2 pixel layout 

8 Nick Sinev    LCWS13, Tokyo, November 11-15, 2013 

All N-wells (shown by yellow rectangles) are competing for signal charge collection. To increase fraction of 
charge, collected by signal electrode (DEEP  NWELL),  half  of  the  pixels  have  it’s  size increased to 4x5.5 µ2 .  

Chronopixel prototype 2

Summary of prototypes tests 

 From both, first and second prototype tests we have learned: 
 1. We can build pixels which can record time stamps with 300 ns period 

(1 BC interval) - prototype 1 
 2.We can build readout system, allowing to read all hit pixels during 

interval between bunch trains (by implementing sparse readout) - 
prototype 1 

 3.We can implement pulsed power with 2 ms ON and 200 ms OFF, and 
this will not ruin comparator performance - both prototype 1 and 2 

 4. We can implement all NMOS electronics without unacceptable power 
consumption - prototype 2. We don't know yet if all NMOS electronics 
is a good alternative solution to deep P-well option. 

 5. We can achieve comparators offset calibration with virtually any 
required precision using analog calibration circuit. 

 6. Going down to smaller feature size is not as strait forward process as 
we thought.  

 

15 Nick Sinev    LCWS13, Tokyo, November 11-15, 2013 

Prototype 2 design 

7 Nick Sinev    LCWS13, Tokyo, November 11-15, 2013 

Proposed dynamic latch (memory cell) has technical 
problem in achieving very low power consumption. The 
problem is in the fact, that  NMOS loads  can’t have very 
low current in conducting state – lower practical limit is 3-
5µA. This necessitate in the use of very short pulses for 
refreshing to keep power within specified limit. However, 
we have suggested solution to this problem, which allows to 
reduce average current to required value without need for 
short pulses.   

Comparator offset calibration circuit charges 
calibration capacitor to the value needed to compensate 
for the spread of transistor parameters in individual 
pixels. We needed to prove, that the voltage on this 
capacitor will stay unchanged for the duration of bunch 
train (1 ms). 

Time stamp
memory!

Outline of the talk 

 
 Very brief reminder of Chronopixel concept: 

  Chronopixel is a monolithic CMOS pixel sensor with enough 
electronics in each pixel to detect charge particle hit in the 
pixel, and record the time (time stamp) of each hit. 

 Project milestones.  
 Prototype 1 design 
 Prototype 2 design 
 Summary of prototypes 1 and 2 tests. 
 Changes suggested for prototype 3 
 Conclusions and plans 
 

2 Nick Sinev    LCWS13, Tokyo, November 11-15, 2013 
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CLIC Vertex
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Hybrid Pixel Sensor R&D 

12/11/2013 LCWS13, Tokyo, Japan 6 

CLIC Hybrid Pixel Assembly  

Carbon fiber Ladder 
Flex (Power IN, Data) 
BGA Interconnect 
Through-Silicon Vias (TSV)  
Pixel Interconnect  
• Bumps,  
• Copper Pillar, 
• Oxide-Oxide bonding 

ASIC 
Pixelated Sensor  

LDO, Silicon Capacitors 

Single Ladder 

Double Ladder 

CLIC Vertex detector will take advantage of :  
 

• 4-side buttable single chip assemblies 
• Through-Silicon Vias, 
• Active edge sensors  

• Air cooling 
• High-Density (pF/μm3) Silicon capacitors  
• Low mass LDO 

ASIC 
Pixelated Sensor  

LDO, Silicon Capacitors 

Hybrid Technology 

LCWS 2013, Tokyo, November 11-15, 2013  -- M. Demarteau Slide 18 

•  CLICPix:  
–  64 x 64 pixel matrix in 65 nm technology,  
–  25 µm pixel pitch, simultaneous measurement 

Time of Arrival (TOA) and Time over Threshold 
(TOT), power pulsing, data compression 

•   
Time Over Threshold gain distribution 
–  Uniform gain across the whole matrix 
–  Gain variation is 4.2% r.m.s. (for nominal 

feedback current 

65 nm CMOS 
hybrid r/o chip, 
based on Timepix  
/ Medipix chip 

Hybrid Technology 
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•  CLICPix:  
–  64 x 64 pixel matrix in 65 nm technology,  
–  25 µm pixel pitch, simultaneous measurement 

Time of Arrival (TOA) and Time over Threshold 
(TOT), power pulsing, data compression 

•   
Time Over Threshold gain distribution 
–  Uniform gain across the whole matrix 
–  Gain variation is 4.2% r.m.s. (for nominal 

feedback current 

65 nm CMOS 
hybrid r/o chip, 
based on Timepix  
/ Medipix chip 

Uniform TOT gain
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Air cooling studies  

12/11/2013 LCWS13, Tokyo, Japan 16 

Air Temperature 

Challenges: 
• Low material budget  
• ~470 W heat load to extract (50mW/cm2) 
• High dimensional stability 
• Assembly and cabling integration 
Solution: 
• Forced air-flow cooling, spiral endcap geometry 

• Silicon temperature below 30oC   

• Conduction not taken into account 

Simulation 

12/11/2013 LCWS13, Tokyo, Japan 20 

0.4 0.6 0.8 1

M
is

id
en

tif
ic

at
io

n 
pr

ob
.

-210

-110

1
Beauty Background

double_spirals
spirals

LF Background
double_spirals

spirals

Dijets at 200 GeV

Charm eff.
0.4 0.6 0.8 1

do
ub

le
_s

pi
ra

ls
/s

pi
ra

ls

0.8

0.9

1

1.1
Beauty Background
LF Background

CLICdp has an ongoing campaign of simulation of more 
realistic models of the vertex detector aiming to optimize 
the layout, taking into account engineering constraints 
• Double vs Single layers  
• Spiral vs Standard Disks  
• «  Heavy » vs Standard Material Budgets  
 
For details, please see :  
 
Physics performance studies for different CLIC vertex 
detector geometries, Niloufar Alipour Tehrani 
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Tracking
(from TPC studies)
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GEMs with Pads

Asian GEM module:

2 GEMs, 100 µm thick, without
side support

1.2 ⇥ 5.4 mm2 pads, 28 pad rows

DESY GEM module:

Triple CERN GEM with thin
ceramic frame

1.26 ⇥ 5.85 mm2 pads, 28 rows

About 5000 pads per
module for both module types

ALTRO readout electronics
⇡ 10000 channels

Next step: SALTRO (improved
integration)

More details by Yukihiro Kato “Activity report of ILD-TPC Asia group”

and Astrid M

¨

unnich “Performance of DESY GEM Module in Testbeam Measurements”

Astrid Münnich (DESY) LCTPC: Towards a TPC for ILC 8
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MicroMegas with Pads

Compact T2K electronics mounted directly
on the back side of each MicroMegas module

3⇥7 mm2 large pads

24 rows with 72 pads

1728 pads per module

Resistive foil to spread charge

Fully equipped endplate with 7 modules
with 12k channels

More details by Paul Colas “Recent results from test bench and beam tests of Micromegas TPC modules”

Astrid Münnich (DESY) LCTPC: Towards a TPC for ILC 9
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Pixel Readout

Bump bond pads for Si-pixel detectors
serve as charge collection pads

2 Octoboards with bare Timepix chips:

256 ⇥ 256 pixel of size 55 ⇥ 55 µm2

Each pixel can be set to:

Hit counting

Charge measurement

Time measurement

InGrid: Pixel + Micromega

Pixel + GEMs

Astrid Münnich (DESY) LCTPC: Towards a TPC for ILC 10

Pixel Readout

Bump bond pads for Si-pixel detectors
serve as charge collection pads

2 Octoboards with bare Timepix chips:

256 ⇥ 256 pixel of size 55 ⇥ 55 µm2

Each pixel can be set to:

Hit counting

Charge measurement

Time measurement

InGrid: Pixel + Micromega

Pixel + GEMs

Astrid Münnich (DESY) LCTPC: Towards a TPC for ILC 10
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Spatial resolution vs. drift length

LCWS13 2013.11.14 �7

Result of beam test 
 xy-resolution ( central module, row 17 )

■ 2012 data!
■ 2010 data

MC (Neff = 28.5)

xy-resolution turns worse as drift 
length become long 

another group using large prototype 
at 2012 observed same trend

2012 data is consistent with 2010 data at short drift distance

Measurement: Resolution @ 1 T
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Module Performance

All modules show similar spatial resolution:

GEMs (Asian) MicroMegas

All modules observe field distortions at the borders:
GEMs (DESY)
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Asian GEM DESY GEM Micromegas

LCWS13 2013.11.14 �11

Extrapolation to the ILD-TPC 

Drift Length [mm]
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L=5.26mm
 (95:3:2), B=3.5T10H4-isoC4Ar-CF

W=1.15mm
 (E=230V/cm)cm m/µ=30 dC

=0.200 mm (LP1 configuration)PRFm(a) 
=0.260 mmPRFm(b) 

The expect performance by test beam is 
satisfied with the requirement of ILD-TPC 

( B=3.5T, L=2.4m )
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Local field distortion 
2010 test beam
There was a big distortion 

Reason: The electric field was bend around 
module boundary because  HV on field shaper 
were not suitable

2012 test beam

200µm gap
1mm gap

Distortion was still existed 
Distortion size is smaller than 2010 data because 
HV on field shaper was suitable. 
There were distortion at the GEM electrode gap 
(gap size: 200µm -> 1mm)

module boundary module boundary

need to estimate 
the field uniformity 

The field uniformity will be checked 
using the track by UV laser system  

gap

Measurement: Module Boundaries

• Field distortions are observed at the boundaries of the modules

• No or small z dependency is expected. Not the case for B=0T!

• B=0T needs further study (dedicated tracking with straight tracks
still pending)

B = 0 T
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Field Distortion

Simulation: GEM Module
Previous measurements showed field distortions at the border
of the module.
! Simulation study to understand the observed behavior and optimize
module design:

• Use finite element based software to simulate electrostatic fields
(CSTTM)

• Use Garfield++ to drift electrons in that field and add constant B-field

A. Münnich | DESY | LCWS 2013, Tokyo, 14.11.2013 | Page 5

Simulation (DESY module)
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Current Topics

Field distortions:
Improve module designs to limit distortion at the borders
Apply corrections for electric and magnetic field distortions
Needs field maps and dedicated software

Ion back flow:
Study intrinsic suppression of ion back flow inside amplification structure
Design and test gating schemes
Evaluate e↵ect of remaining ions on field homogeneity

External reference for momentum resolution
Several layers of silicon detectors between the magnet and the TPC
Alignment of the two systems

Electronics development

Cooling system (CO2 system close to being installed)

Endplate integration

Calibration: drift velocity, temperature, gain

Software development

Astrid Münnich (DESY) LCTPC: Towards a TPC for ILC 12
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• We have choices of advanced detector 
technologies.

• Should be ready to go into the system 
design phase in the near future.

Summary (Vertex/Tracking)
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