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Sensor characterisation: overview

Prototypes (still) being characterised
I Prototypes to study basic properties of technology: Explorer-X,

Investigator, MIMOSA32/34
I Building blocks of final sensor: pALPIDEss-X (aka “pALPIDE-X”),

MIMOSA22thrX, memory chip (aka “SEU chip”)
I Full-scale chips: pALPIDE-1? (aka “pAPLPIDEfs”), MISTRAL

FSBB

Test being carried out
I Basic functionality
I Radioactive source (X-ray, beta)
I Test beams

? Today, focus mainly on ALPIDE developments
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pALPIDE set-ups around the world

I Bari
I Cagliari
I Catania
I CERN
I Frascati
I Inha
I Pusan
I St. Petersburg
I Strasbourg
I Trieste
I Yonsei

Analyses carried out at even more
places
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Test Beam Setup

Setup
I 7 pALPIDEfs planes:

I 4 tracking planes
I 3 DUTs

I remote-controlled linear stage
I remote-controlled PSU

Software
I EUDAQ with new features
I Telescope position configurable

∆ dedicated fake-hit runs
I Automatic threshold scans
I Watchdog sending alert texts

and emails

Felix Reidt (PI Heidelberg / CERN) PS Test Beam Status WP5 Meeting, 09/12/14 2 / 5
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MISTRAL FSBB: overview

I The ALICE ITS upgrade is following two design streams: ALPIDE
(more later) and MISTRAL-O (next few slides)

I MISTRAL is based on the rolling shutter architecture

Pixel chip architectures under development
I Di�erent architecture design streams:

— ASTRAL (MISTRAL):

Pixel technology 

7 

Pixel choice: Monolithic Active Pixel Sensors (MAPS) using Tower Jazz 0.18μm  
 

• Chip size: 15mm x 30mm 

• Pixel pitch ~ 30 μm 

• Si thickness: 50 μm   

• Spatial resolution ~ 5 μm 

• Power density < 100 mW/cm2 

• Integration time < 30 μs 
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ALICE                                                                                                 Quark Matter 2014, Darmstadt  |  May 21,  2014 | Sabyasachi Siddhanta 
based on the experience of the
STAR PXL detector

— ALPIDE:

Pixel technology 

7 

Pixel choice: Monolithic Active Pixel Sensors (MAPS) using Tower Jazz 0.18μm  
 

• Chip size: 15mm x 30mm 

• Pixel pitch ~ 30 μm 

• Si thickness: 50 μm   

• Spatial resolution ~ 5 μm 

• Power density < 100 mW/cm2 

• Integration time < 30 μs 
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General requirements:
I Chip size: 15mm ◊ 30 mm
I Sensor thickness: 50 µm

I Spatial resolution: ¥ 5 µm
I Integration time: < 30 µs
I Power density: < 100 mW/cm2

J. W. van Hoorne (CERN/TU Vienna) Upgrade of the ALICE ITS TIPP2014 – 03.06.2014 12 / 20

A. Collu, poster 26, An innovative Monolithic Active
Pixel Sensor for the Upgrade of the ALICE ITS

I The MISTRAL FSBB is 1/3rd of the full sensor
I Its purpose is to study integration related aspects
I MISTRAL-O will be an optimised version (essentially using larger

pixels) of this technology for the outer layers
Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 5 / 25



MISTRAL FSBB: SPS beam test set-up

I π− with 120GeV/c
I Particle flux: trigger rate: 2.5 kHz to

100 kHz per 5mm × 10mm
I Sensor arrangement: 6 FSBB-M0a, thinned

to 50 µm
Alejandro Pérez,    ALICE Plenary Meeting, Nov. 11th 2014 3

FSBB-M0 main features FSBB-M0 main features 

● TJsc-0.18 CIS process, HR (~1kWcm) 18µm epitaxy, thinned to 50µm

● Staggered pixel: 22x33 µm2 including pre-amplification and clamping with 6 metal layers (ML)

● 416x416 of Columns x Row of pixels ended by discriminator (8-cols with analogue output)

● Double-row readout at 160MHz clock frequency fi 40µs integration time

● On-chip 3-stage sparsification: SUZE-02

● 4 Memories of 512x32 bits

● 2 output nodes at 320Mbits/s (used only one for TB)

● Integrated JTAG and regulators

● Sensitive area ~ 1.2cm2

● Two versions fabricated (FSBB-M0 a & b)
➢ FSBB-M0a: sensing node size variation

➢ FSBB-M0b: input transistor of in-pixel pre-amplifier

Diode: 9 µm2

trans: 1.5/0.28 µm

Diode: 10.9 µm2

trans: 1.5/0.28 µm

FSBB-M0a FSBB-M0b

Diode: 10.9 µm2

Trans: 2.0/0.36 µm

Diode: 10.9 µm2

trans: 1.5/0.18 µm

4
1

6
 r

o
w

s

416 columns

● Design not optimized in terms of
➢ Pixel dimensions

➢ Power consumption

➢ Readout speed

➢ ITS layer, layout

➢ In-pixels circuitry and discriminator

➢ Epitaxy parameters

Submatrix 
used in 

test beam

Alejandro Pérez,    ALICE Plenary Meeting, Nov. 11th 2014 5

Experimental conditions and set-upExperimental conditions and set-up

Beam conditions
● SPS H6A area

● 120 GeV p-

● Particle flux: trigger rate ~2.5 to 100 kHz / 5x10 mm
2

Device used for the tests

● 6 FSBB-M0a thinned to 50µm

● Most of the measurements with sub-array B (80k 

pixels), less cross-couplings than sub-array A

Data Collected (mainly on October 18-19th)
● 3.7x10

6
 triggers collected with beam

● Reconstructed tracks for performances assesment

➢ 11µm
2
 diode: ~400k

➢  9µm
2
 diode: ~300k

● 8.5x10
6
 frames collected without beam for noise 

determination fi fake rate studies

● All measurements performed at T
op

 = 30
o
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Trigger (scintillator)Trigger (scintillator)

pp--  beam beam
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MISTRAL FSBB: SPS beam test results

Alejandro Pérez,    ALICE Plenary Meeting, Nov. 11th 2014 7

Detection PerformancesDetection Performances

e
det

, fake rate, s
res

 vs discriminator threshold (Noise averaged over 11 thinned sensors)

Efficiency

U residue

V residue

Fake rate

Fake rate (mask 20 pix)

Residue on DUT:        s
res

 ª (4.7 ± 0.1) µm (U) & (4.9 ± 0.1) µm (V) at 6mV for both diode sizes

Expected resolution: s
sp

 ª 4.5 µm (to be confirmed, need to evaluate telescope resolution)

Diode size (µm2) e
det

 > 99.8% e
det

 > 99.5% e
det

 > 99.0% fake < 10-5

11.0 < 6.0 mV < 6.5 mV < 8.0 mV > 6.0 mV

9.0 < 6.0 mV < 7.0 mV < 8.0 mV > 5.0 mV

~

~

~ ~

~

~ ~

~

~ ~

~

~

Discriminator 
Thresholds

I Requirements of εdet > 99% and λfake < 10−5 achievable
I Expected resolution (removing telescope tracking error): 4.5 µm
I NB: the FSBB is not optimised in some respects (pixel dimensions,

power consumption, speed, . . . )
 Currently MISTRAL-O is being optimised for use in the outer layers

(less need for spatial resolution, but more stringent power
consumption limit)
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pALPIDE: overview

I pALPIDE-1 is the first full-scale
(1.5 cm × 3 cm) prototype

I Electrically, it is fully functional
(though its functionality is not
yet final)

I Full characterisation (laboratory
and test beam) is being carried
out on a small number of chips

I Current focus lies on extending
the parameter space:

I Different irradiation levels
I Different operating

environments (particle
energies/multiplicities)

I Testing of more chips
. . . pALPIDE-2 is on the way (expected in Q1/2014)

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 8 / 25



pALPIDE: tests with radioactive sources

Fe-55

Nov 25, 2014                                         Giuseppe Pappalardo 4 

Fe55
Sr-90

Nov 25, 2014                                         Giuseppe Pappalardo 7 

Sr90

I Hit maps show different response of pALPIDE sectors
I Difference caused by two effects: detection efficiency and cluster size
I Sr-90 reveals a structure cased by a hole in the PCB
I Very important check of sensor response uniformity

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 9 / 25



pALPIDE: test beam set-up at CERN PS

I Beam: π− with 6GeV/c (nom.)
I Intensity: 400ms spills of 10 000

particles (typ.) focussed on
sensor

I Sensor arrangement (logical):
I 3 tracking planes
I 1 device under test (DUT)
I 3 tracking planes

I Plane spacing: around 2 cm
 Tracking precision at DUT: 3 µm
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Test Beam Setup

Setup
I 7 pALPIDEfs planes:

I 4 tracking planes
I 3 DUTs

I remote-controlled linear stage
I remote-controlled PSU

Software
I EUDAQ with new features
I Telescope position configurable

∆ dedicated fake-hit runs
I Automatic threshold scans
I Watchdog sending alert texts

and emails

Felix Reidt (PI Heidelberg / CERN) PS Test Beam Status WP5 Meeting, 09/12/14 2 / 5
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I 4 tracking planes
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I EUDAQ with new features
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∆ dedicated fake-hit runs
I Automatic threshold scans
I Watchdog sending alert texts
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pALPIDE: detection efficiency and fake rates
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pALPIDE: cluster size vs. position within pixel
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pALPIDE: resolution
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pALPIDE: test beam set-up at Pohang

I Beam: e− with 60MeV/c (nom.)
I Large multiple scattering/absorption

in PCB
I But, particles, that make it through

can be used for efficiency calculations
I Also, cutout in PCB underneath the

sensor results in localised very small
material budget (only ≈50 µm of Si)

I Sensor arrangement: 6 pALPIDE-1, 1
Explorer-1

I Plane spacing: around 2 cm
I (Primary) beam largely attenuated to

about 10 particles per spill on the sensor

October 2014:

Pusan National University / 1WP5 Meeting | Oct 08, 2014

Status Report
• Beam test schedules are changed.  

Original: Oct 6th to 10th (5 days) → New: Oct 13th, 16-17th (3 days) 

• Preparation for beam test!

• Tests with trigger signal worked successfully.!

• Rehearsal for beam test is doing, right now.

1December 2014:

Introduction

• Beam time: December 1-4th.

• Participants:KyungEon Choi, Jongsik

Eum, Jiyoung Kim, Bong-Hwi Lim

(Pusan), Jonghan (Inha), Narong,

Prapong and Kritsada (Thai).

• 60 MeV e�

• 6 layers of pALPIDEfs (originally 7 layers)

+ 1 layer of Explorer-1

• pALPIDEfs DAQ firmware version:

047DEB1Cbis

• External scintillator trigger.

2/4 KyungEon Choi⇤ , Jongsik Eum, Jiyoung Kim, Bong-Hwi Lim Short status report on ongoing test beam of pALPIDEfs (+ Explorer-1) at Pohang

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 14 / 25



pALPIDE: tracks at Pohang

First look - X correlation of 1st and 2nd pALPIDEfs layers

• VCASN=57/ITHR=51

pALPIDEfs 0 X
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7/4 KyungEon Choi⇤ , Jongsik Eum, Jiyoung Kim, Bong-Hwi Lim Short status report on ongoing test beam of pALPIDEfs (+ Explorer-1) at Pohang

I Clear pattern visible
 Data contains tracks
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pALPIDE: tracks at Pohang IIX and Y correlations btw pALPIDEfs planes

5/7KyungEon Choi⇤ , Jongsik Eum, Jiyoung Kim, Bong-Hwi Lim, Jonghan Park (Inha U.)First look of test beam of pALPIDEfs (+ Explorer-1) at Pohang

I Very interesting to study sensor performance under different
operating conditions (particle rate & energy)

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 16 / 25



Explorer: overview

I First prototypes in the ALPIDE
development

I Main goal was to qualify the TowerJazz
technology (this has been achieved)

I Still of interest to:
I optimise sensor layout
I study radiation effects

I Main advantage: analogue read-out

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 17 / 25



Explorer: Pohang test beam resultsIrradiated Explorer-1

matrix signal [ADC]
0 100 200 300 400 500 600 700 800
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0.05

non-irradiated:237.746124

:164.922540131x10

:154.017653133x10

• 18 µm, 1kOhm, no thinning, channel 2, sector 5, VBB= -6V, cluster signal

distribution

6/7KyungEon Choi⇤ , Jongsik Eum, Jiyoung Kim, Bong-Hwi Lim, Jonghan Park (Inha U.)First look of test beam of pALPIDEfs (+ Explorer-1) at Pohang

– work in progress –

– uncorrected data –

– work in progress –

– uncorrected data –

I Systematic study of different radiation effects for different sensor
geometries (first data shown here)

I Very challenging, as many irradiation-independent effects have to
be corrected for first

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 18 / 25



Single-event latch-up (SEL)

I Refers to the activation of parasitic transistor structures, resulting in a
short circuit

I Caused by highly ionising particles (characterised by large linear
energy transfers, LETs), originating from recoil fragments of nuclear
reaction within the silicon

I Occurs above a technology-dependent LET threshold
I No transient effect, can only be recovered by power-cycling the device
I Potentially destroys the device
I Issue for STAR:

I happens every few minutes
I needs careful monitoring of currents
I detector got damaged (meanwhile protection circuits are adjusted and

no further damages are observed)
 Needs careful evaluation/treatment

I test beams with heavy ions
I two test vehicles: memory chip and pALPIDEfs

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 19 / 25



SEL test programme (Louvain-La-Neuve)

I Determination of LET
thresholds (using different
particles)

I Identification of sensitive regions
(using collimators)

I Measurement of (over-)current
amplitude and time profiles

I Characterisation of dependencies
on:

I Sensor thickness
I Direction of particle crossing
I Supply voltage (including

reverse substrate bias)

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 20 / 25



SEL cross-sections

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 21 / 25



SEL sensitive areas
I Memories:

I Single-port memories have much higher cross-sections/lower LET
thresholds than dual-port memories or flip-flops

I We (luckily) do not use them in our sensor designs
I pALPIEfs:

I Under nominal conditions, most effects happen in the analogue
periphery; next submission will have an improved design

I BUT, unclear what happens at different operating scenarios, e.g. at
different angles, supply voltages, substrate biases

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 22 / 25



Summary & Outlook

Summary
I Two design streams: ALPIDE and MISTRAL-O are being validated
I Various ALPIDE prototypes are being characterised in various

conditions
I Several test setups around the world are used to carry out this

immense program
I Few measurements still to be done (e.g. SEL with reverse bias)

Outlook
I Need to finalise measurements of all pALPIDE sensors

I irradiated samples
I analyses of recent test beams

I pALPIDE-2 is coming very soon

Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 23 / 25



Outlook: SLRI

Overview 
• Discussion on how to reduce particle flux.  
• Preliminary test, reducing the beam current to 1 mA. 

 

10/09/57 4 WP5 meeting Sept 10, 2014 I Study to use the 1.2 GeV/c electron beam
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Test Beam Setup

Setup
I 7 pALPIDEfs planes:

I 4 tracking planes
I 3 DUTs

I remote-controlled linear stage
I remote-controlled PSU

Software
I EUDAQ with new features
I Telescope position configurable

∆ dedicated fake-hit runs
I Automatic threshold scans
I Watchdog sending alert texts

and emails
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Setup
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I 4 tracking planes
I 3 DUTs
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I remote-controlled PSU
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I EUDAQ with new features
I Telescope position configurable

∆ dedicated fake-hit runs
I Automatic threshold scans
I Watchdog sending alert texts

and emails
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8/10/2014 Bari  francesco.barile@cern.ch 1

Status report: Bari
● Test on the pALPIDEfs

– Set up:

● Bari lab is ready

– Software:

● The pALPIDEfs software (Ubuntu 14.04 LTS and Mac)

Test system 

3 

source scan test

WP5 meeing@CERN | 09 Dec, 2014 | J. PARK 2

A  Large Ion Collider Experiment INHA University

✦ Test set-up for the source scan is done. 

✦ We tested source scan and have got the two data files by source scan. 

• file name : RawHit_date_time.dat, Sourcescan_date_time.dat 

✦ Need the macro for the source scan analysis.

source scan test

WP5 meeing@CERN | 09 Dec, 2014 | J. PARK 2
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✦ Test set-up for the source scan is done. 
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• file name : RawHit_date_time.dat, Sourcescan_date_time.dat 

✦ Need the macro for the source scan analysis.
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Status report: Bari
● Test on the pALPIDEfs

– Set up:

● Bari lab is ready

– Software:

● The pALPIDEfs software (Ubuntu 14.04 LTS and Mac)

Oct 8, 2014                                         Giuseppe Pappalardo 10 

Introduction

• Beam time: December 1-4th.

• Participants:KyungEon Choi, Jongsik
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