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Applications

Position sensors (a-Si:H)

Particle detection

Interaction of particle with matter
Direct/indirect detection

Photodiodes, depletion conditions

Flat panel imager technologies (a-Si:H, a-Se)
Other particle sensors
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Devices and Applications

« Flat panel imagers (a-Si:H, a-Se)
— X-ray imaging

» Medical imaging
— Radiography
— Fluoroscopy
— X-ray tomography,

« Security

* Non destructive testing

« Other particle detectors

— Particle tracking
» Medical imaging
— Positron emission tomography
* Nuclear physics

— Non destructive testing
— Dosimetry

e Position detectors
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Position sensitive device (PSD)
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Position detectors

Position sensitive device (PSD)

[Mumination
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p-n, p-i-n or Schottky diode

Lateral photovoltaic effect
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http://upload.wikimedia.org/wikipedia/commons/2/24/Digital_Position_Sensitive_Device.svg
http://upload.wikimedia.org/wikipedia/commons/e/e5/Position_Sensitive_Device_EN.svg

=PFL  PSD devices

« Semiconductor device with at least one high conductivity layer
(equipotential) and one resistive layer

* Principle using lateral photoconductivity
« Lateral vs transversal measurement
* Photovoltaic vs photodiode (reverse bias) measurements

INCIDENT LIGHT

INCIDENT LIGHT
BEAM BEAM
N-TYPE LAYER (HIGH CONDUCTIVITY) N-TYPE LAYER (HIGH CONDUCTIVITY)
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Henry, 2002

» Figure 1. Photovoltaic mode. . )
IEM NEUCHATEL Figure 2. Photodiode mode.
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PSD types

(e} Dual-axis dunlateral type.
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c-Si PSD principle

Laser spot

V,-V,= Lateral photovoltage

Originally based on p-n junction solar cell
Non uniform illumination (laser spot)
Creation of e-h pairs at the illuminated spot
Injection of e in n-layer and spead-out

Re-injection of e into p-layer and
recombination

Build-up of a lateral space-charge region
(potential)

Lateral diffusion of h in p-layer and
recombination

Henry, 2002
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Large area thin-film PSD

electrode
n
i
electrode
P
G electrode
L [+— [0
~— glass
substrate
Light be .
8 ‘J o Martins, 1996
TS ,‘i s }omact
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Glass slide

Henry, 2002

Incident light (laser)

+ Zn0:Al

-

Polyimide substrate

Fortunato, 2005

Linearity and size of ¢c-Si PSD limited (<
1cm)

Better solution: Using a-Si:H as
semiconductor and TCO for the resistive
layer

resistive layer

doped layer

(a)
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Thin-film PSD operation
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=PrL Flexible thin-film PSD

Incident light (laser)

V |

ph/L I
Zn0O:Al v
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a-Si:H

Polyimide substrate
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Cr

I-.I..Wh

Transversal photovoltages:
Vour =V = R(L=X)1 8 "7

Vs =Vo — R(x)I phleax

o falloff parameter, depends on
semiconductor and resistive layer

Fortunato, 2005
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Flexible thin-film PSD

Transversal photovoltages:
Vinr =Vo — R(L-x)I ph2e_a(L_X)

Virz =Vo =R ;%

With Vogiven by 1o =1, + 1,
Lateral photovoltage:

eoz(L—X) _ e—a(L—x)
Vph/L EVph/T1 _Vph/Tl =V, ok
sinhea (L — X
Vph/L =V, - ( )
sinhal

With o «1, we have

L—-x
L

Vph/L ~Vq

Position
VO

ph/L

X -V
LV,

Fortunato, 2005
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Particle detection
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cPFL  Interaction of particles with matter

Interaction of ionizing Radiation with Matter

charged particles interact

hremsstrahlung strongly and ionize directly

o 6—}——6m
*—»

a-Electron

neutral particles interact less,
noo » - n capture photan ianize indiractly and

Recoil penetrate farther
P raton
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Main energy loss through ionization,
Interaction with electronic shells

Stronger interaction for charge particles
(small penetration depth)

Electron-hole pairs created by ionization
can be collected for detection (e.g. in a
semiconductor diodes)
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Stopping power
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Stopping power for positive muons in copper as a function of By~0.1. Solid curves indicate

Muon momentum

the total stopping power.

Passage of particles through matter, D. E. Groom and S. R. Klein, 2000
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Energy loss for charged particle

Bethe-Bloch formula corrected for density and shell effect :

2 2m 2 2W
—d—E=27zNAreZmecz,o£Z—2 In 97‘; il
dx Ap I

— X : path length

— m,: electron mass

— ¢ the speed of light

— N4 : Avogadro number

— | : excitation potential

— Z: atomic number material

— p: density material

— z: particle charge

— f=vlcwith the particle velocity v
— o:density correction

— C : shell correction

— W, : maximum energy transfer in a single collision

—-2B° -5-2
p Z

C

W.R. Leo, 1994
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—dE /dx (MeV g lcm?)

Energy loss and MIPS
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0.1 1.0 10 100 1000
Muon momentum (GeV/c)
| | IIIIII| | | IIIIII| | | IIIIII| 1 | IIIIII| | | IIIIII|
0.1 1.0 10 100 1000
Pion momentum (GeV/e)

| | | IIIIII| | IIIIIII| | IIIIIII| | | IIIIII| | L1 1lal

0.1 1.0 10 100 1000 10000

Proton momentum (GeV/c)
http://pamela.physik.uni-siegen.de/pamela/glossary.html

MIPS : Minimum ionizing particles

Beth-Bloch formula valid for heavy (with
respect to the electron's mass) charged
particle

“universal behavior” for all materials and
charge particles

Loss o« z2 (particle charge)
Loss o« Z (atomic number)
Loss « p (material density)
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Electron-hole pair creation

18 I T T
16 - « Mean ionization energy exceeds band gap due
R to phonon excitation to conserve energy and
,_; © ELECTRONS momentum
= A PHOTONS
N - =
= op  Value for a-Si:H not exactly known (3.4-6
= .l eV/pair)
: z — Reason ?
g g o . — No single value for a-Se (field dependant) !
L:’ B _— 05<rtfw,)<iOeV
3 g 4 Si 7
é inSb
% 0 1 | ! 1 |
s 0 1 2 3 4 5 6
ft) BAND GAP ENERGY (eV)
g C.A. Klein. J. Applied Physics 39 (1968) 2029

IEM NEUCHATEL

=
[eE]

N. Wyrsch



=PrL MIPS

L :
p*in Si
100.0
10.0 \\
E 1S
> N
o ) N
3 = N
< = N
3 5 )
o S 10 N
< o
(0]
E) e S
©
-
|
K%)
@
£ 0.1
% 1 10 100 1000 10000
5 ENERGY [MeV]
3]
Q
L
©
o
<
()
o
©
-
.

®
IEM NEUCHATEL

100000

For minimum ionizing, a particle
deposited ~1.5 Mev/(g cm?)
Electron-hole pair creation energy W:
— ¢-Si:3.6eV
— a-SiiH:3.4-48(—6¢V)
Proton in Si

— At the minimum of dE/dx a creation of 110
electron holes pairs/micron is predicted

— Actual figure is measured to be about 80
e-h pairs per micron

— The difference between the two being
accounted for by energy lost by the
incident particle to the lattice via phonon
Interactions
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Bragg curve

*C-ions

PV S W Y

PO T

Mev |

/é

120keV ~~Co gamma-rays |
A A Rt A i a4 " - 1
10 IS5
depth in water [cm])

« For charge particle most of the energy
deposited just before coming to a rest
(Bragg peak)

« Peak can be enlarged by having an
energy distribution of the particles

GSI Helmholtzzentrum
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ctPFL Photon interaction with matter
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Energy transfer process depends on
photon energy and material

Attenuation given by
1(X)=1, eH
With
lo: Initial beam intensity

u=nc, n the number of atoms /cm?3 and ¢ the
cross-section

High energy photon much more
penetrating

Hartmut & Sadrozinski, IEEE 2001
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X-ray interaction with matter
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ionized electrons

Photo effect followed by

lonization processes

Interaction of X-ray with matter
— Photo effect (photoemission)

— Compton scattering

Major effect depends on energy and

Pair creation

atomic number

a-Si
layer

incident
X-ray

(.

e
scattered \
photo 1onlzed electrons

Compton effect followed by

lonization processes
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Photon absorption length
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Passage of particles through matter, D. E. Groom and S. R. Klein, 2000
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Direct / indirect detection

Direct

X-ray

Indirect

X-ray

Photons

N
S
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X-ray detectors

Detector performances:

x-ray detectors

CR

Indirect Direct Conversion

new detectors

FLLLLLLLLLLLELEL LD ] HEEEEEEEEEEENEEEEEEEEEEES .. :lllIlIllllIlIllllI-IlIllllllllllllllll.lllll:

L] ] . | | ]

: T . - . :

: GO5Th = = (ST #-5¢ amorphous : = CdTe Sing. cryst. Phl, polycrysts

H H | - u

H HE o :

Atomic number . 64 - - X M . 1 4852 §253 :
Density 7.5 = 45 4.3 = i6 6.2 :
K cdees (keV) E 50.2 E m 33136 12.7 ] E 26.7, 31.8 KK 3311 E
Average abs. coell. (em ™) £ 52 R 16 =BT 57 :
wp ¥ = H - 2

RQAS (TOkVp, 21 nun Al) : : : s :
Bandgap (¢V) : r m 1.7-19 = 115 24 :
q u u ] _= 1 | _r M

K clectrons {emY) : P m Ix 10 : s IX 10 : 10 .
wr holes (em V) - 4% 10 m o odxlo™ 207 :
Conversion efficiency : ~ @ hukeV: B~ 60 hikeV 20 elkeV ;- 20clkeV ~ 240 clikeVi
Refmetive index > 2 I OLT n 27 :
Emission spectmim (nm) . 0 s om 500600 : . E
n n . "] ]

[] [] B H H

Lessssmssnsnnnsnnsnnnnd .. EEEEEEEEEEESENEEEEEEEEEEENS S NN NN NSNS NN NEEEEEEEEEEEEEEEEEE e

CR: computed radiography

R. Padovani, 2006
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Attenuation coefficient o (1/micron)
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GaAs —]

0.01

0.001

Mammography

10 100
Photon energy (keV)

0.0001

S. Kasap et al., Sensors 11 (2011)

—10

—100

—1000

(woadrw) »/1 ydap uonenuayy

Amorphous semiconductor

Two fold coordinated chains and rings
Bandgap : 2.3 eV

No doped a-Se

As and/or Cl doping/alloying for material
stabilization (to hinder crystallization)

High absorption of X-rays

e-h pair creation energy: 6-10 eV
(field dependent)

Deposition by evaporation

Typical detector thickness:
200 pm

N
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X-ray detection using Si diodes

1 i — 1
F Transmission Interaction in
- Through Si-PIN detector 1
| Be Window 500 i
e 4 B m
1/3 mil Be e 300 un
@ 01+ = 1/2 mil Be 200 pm|
D -
—_— C “=;;-:______h . . ]
> I-mil Be
c
2
O
= : .
W 601 L Fhotoelectric Probability i
' : (Full Energy Deposition) ———=
K, lines of selected elements
FlMeMaMg Al SiF S Ar Ca Ti CrReMiZnEe Br 5r Mo AgSh Ba Ta AFb L Fm
0.001 I = i LRI
1 10 100

Energy (keV)

« Si detector efficiency as a function of X-ray energy and Si detector thickness

http://lwww.amptek.com
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Scintillators
Scintillator Type Density ||Light (% (Nal) Peak Decay [[Hygroscopic|Application
(g/cm®) [Yield [conversion [emission |[time T
Ph/MeV fefficiency [A (nm)  l(us)

Nal(TI) Single ||3.67 38 000 [{100 415 0.23 |[Yes SPECT
[crystal |

Csl(TI) Single ||4.51 54 000 |45 550 1.0  ||Slightly SPECT
crystal PET, XCT

BGO Single ||7.13 9000 |10 480 0.3 No PET
crystal

CWO Single |[7.90 28 000 |35 470/540 ||20/5 |[No XCT
crystal

(Y,Gd),03 :Eu [[Ceramic|5.9 - 34 610 1000 |No IxcT

Gd,02S Pr,Ce,F|Ceramic [[7.34 |- 51 520 24 |[No IXcT

Commonly used scintillators in Nuclear Medecine
« Efficient but slow
* Emission mostly in visible range

Crystalclear, CERN

N
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Scintillators (2)

New scintillators for Nuclear Medecine

Scintillator | Type Density Light Yield (% (Nal) [Peak Decay time t |ref
(a/cm®) Ph/MeV conversion|lemission [|(ns)
efficiency ||n (nm)

PbWO, Single 8.28 100 420 5+ 15
crystal

Lw,0,S:Ce |Single 8.9
crystal

BisGesO12  |Single 7.13 8200 10 505 300 43
crystal

LuF3:Ce Single 8.3 8000 310 23+slow 62
crystal

LuAlO5:Ce |Single 8.34 11400 365 17 45
crystal

Lw,SiOs:Ce |Single 7.4 27000 420 40 59
crystal

LuBOs:Ce |Single 7.4 26000 410 39 62
crystal

ZnWO, Single 7.87 21500 480 22000 53
crystal

CdWO, Single 7.9 19700 495 2000 43
crystal

Lu,S3:Ce Single 6.2 28000 592 32 62
crystal

CaWO, Single 6.1 6000 430 6000 54
crystal

BaluyFs Single 6.94 870 313 1+slow 34,68
crystal

BalLu;Fg:Ce [Single 6.94 400 35+slow 34,68
crystal

Gd,0,S: ceramic [|7.34 40000 51 580 2100 42

Pr,.Ce,F

Lu;SiO7:Ce |Single 6.23 30000 380 30 67
crystal

LusAlsO12:Sc|Single 6.7 22500 270 610 44
crystal

Crystalclear, CERN

Interesting scintillators emit in UV (low diode quantum efficiency)

N
0
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PET scanner

Positron emission tomography
used for imaging of cancer cells

Radiotracer 18F-
Fluorodeoxyglucose

Cancerous cells ‘light up’

Need coincidance detection of the 2 y's
— Fast detection
— Based on indirect detection using scintillators

Reconstruction of image
Time-of-flight (TOF) detection would offer

— Easier reconstruction
— Better images
— Lower dose for the patient

— Need really fast detectors (10 ps <> 3 mm)
(not achievable with scintillators)

Nucleus
emits
positron

511 keV
photon

Annihilation of

B+ positron and
electron

511 keV
photon

Detector ring

Cancer
\

Patient

TOF 1

TOF 2

N. Wyrsch



=PrL Depletion condition (p-i-n diode)

« Electric field must be present throughout the diode
— Electron-hole pair generated anywhere in the diode must be collected.
— No field screening
— Depletion region should extend to the entire thickness of the diode

« Depletion condition
(from Poisson equation)

2580 NV >

N DB ]

Vi

q x 12
V.. ~—N_..d
FD 2ce, DB ; i

With W the depletion region width, Ng" the density of ionized DB, V,; the built-in voltage and d the
thickness of the intrinsic layer of the diode

B Large Area Electronic Materials — Large-area sensors
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Depletion condition

Full depletion voltage [V]

10000
I 5x10* cm™
[T 1x10% cm®

— 15 -3

1000 i 2x107 cm

100 L

10 J8f
0 10 20 30 40 50

Diode thickness [um]

Full depletion voltage Vg, as a
function of ionized defects density

in a-Si:H

Full depletion voltage Vi oc d?

~ 600 V for 30 um
(undegraded diode, assuming 30% of
lonized DB)

In a-Si:H diodes, dark (leakage) current
depends

— Thickness due to carrier thermal
generation, bulk (volume) effect

— Electrical field, carrier injection, Pool-
Frenkel effect

Supra-linear dependence on thickness !

Dark current limits the diode thickness
rather than depletion condition

N. Wyrsch
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Perovskites for X-ray detection

* Lead halide PK : CH3NH;PDbl;, heavy materials for
enhanced sensitivity

S. Yakunin et al., Nature Photonics 9 (2015)

(o]

Photocurrent (rel. units)
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Alternative materials for direct particle detection

A A 2x4 DCUs
] (4x8 cm?)

CIT(8x8 pix)

Radiation hard materials 0522 em® N A
» Cadmium zinc telluride (CZT) o < g 9 e
— Direct bandgap, 1.4-2.2 eV f\gfg(e;gﬁ& - FPeA

— high sensitivity for X-rays and gamma rays
(high atomic number)

— Use as photoconductor

« CdTe
— Direct bandgap, 1.45 eV

—_ hlgh Sensitivity for X_rays and gamma rays Detector Crystal Unit Detector Crystal Array
(high atomic number) Leseld Lot

— Use as photoconductor or diode with CdS p-layer

— Main applications for hard x-ray detection (cooled)
« Hgl,, Pbl,

— Relatively high bandgap: Hgl,: 2.13 eV, Pbl, : 2.38 eV

— High sensitivity for for X-rays and gamma rays (high atomic number)

— No practical application yet

Detector for Energetic X-ray Imaging Survey Telescope (NASA)

B Large Area Electronic Materials — Large-area sensors
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Active Matrix Flat panel Imagers (AMFPI)
for radiography

B Large Area Electronic Materials — Large-area sensors
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Radiography evolution
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Si vs Se based AMFPI for direct radiography

a-Si:H

B Large Area Electronic Materials — Large-area sensors
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Indirect detection (scintillator)
Typical scintillator: Cs:|
Dedicated active matrix

High cost

High sensitivity

Low dose needed

Lower spatial resolution

(indirect detection, light spread out,
> 70 um pixels)

Work horse for medical radiography

a-Se

Direct detection

Used as photoconductor (cannot be doped)
Can use FPD active matrix

Lower cost

Lower sensitivity (photoconductor)

Higher dose

Better spatial resolution
(> 70 um pixels)

Best for mammography

N. Wyrsch
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Imagers (with scintillators)

Gate drivers
Gl G2

G

3

E
B

ADC Image
processor

« 2D photodiodes arrays
addressed by TFT

A

* Photodiodes coupled

with a scintillator layer
(Cs:l) for conversion of
X-rays to visible photons

X-ray photons

scintillator

Data line amplifiers and multiplexers

Digital

Bias voltage

B Large Area Electronic Materials — Large-area sensors

IEM NEUCHATEL

board

Lt S SO MRS LYY [yt

T wStartay )

TAB
package

Readout
board

Readout
board

Driver board
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a-Si AMFIP

Passivation

Weissfield, DPix

Photodiode

W
=]

N. Wyrsch



=PrL

B Large Area Electronic Materials — Large-area sensors

®
IEM NEUCHATEL

a-Se AMFPI

Programmable
high-voltage
power supply

X-rays

_
=

Gate

pulse

Drawing not fo scale

Top electrode

Dielectric
layer

X-ray semiconductor
Electron blocking layer

Charge collection
electrode

Charge amplifier

Thin-film transistor

Signal storage
capacitor

Glass substrate

2
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Alternative digital radiography technology

Indirect radiography
Computed radiography using
photostimulated luminescence

Enable the use of standard X-ray
radiographic system with cassettes

Films replaced by photostimulable
phosphor plates

— EXxposure using short wavelength (X-ray),
creation of metastable luminescent state

— Reading using red light
— Erasure using intense white light
— Plate can be reused thousands of times

Wikipedia

X-ray exposure

Erasure

Intense light
< —

Casette with
storage phosphor

Readout

Image Display

s
=
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Other particle detectors
a-Si:H for particle detection
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CMS detector for LHC

v_/__,_

CMS: Compact Muon Solenoid

) -

D f‘g\\\\\ .
iy - \:\\\
‘ ,\"” 7 S ~ LHC: Large Hardron Collider
N || 5

\

ol 1 | | \ | 4I 5I 6I
m m 2 m m m m
' Key: "
Muon

Electron

Charged Hadron (e.g. Pien)

— — — - Neutral Hadron (e.g. Neutron)

“““ Photon

Silicon tracker

S |
« Pixelized detectors @illjl}m L
« Very large area (>100 m?) f

« High radiation hardness

needed ) =

Calorimeter Solenoid

Iron return yoke intersparsed
Transverse slice with Muon chambers
through CMS

- ;i 5
D Barney, CERN, Febwacy 2004
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a-Si:H particle detectors

Normalized efficiency

1.2

0.8

0.6

0.4

0.2

S N A S /
i i o e G e 7
n © X “a Rl '@ 4 _
\G\\ \\X ‘»L . v\‘\ N
[ o s L :
~> InP/GaAs/Ge © Ta
. o) g 4
|+ InP/Si » Yoo ]
~4-CIGS © v
—v-—CdTe
(| < a-Si:H (Srour) v kE
-+ a-Si:H (Klaver) 1
MR | bl R | sl L
10° 10° 10" 10" 10* 10"

Displacement damage dose [MeV/g]
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Effect of radiation on various solar cell technology
(Batzner, 2004, Srour,1998, Klaver,2007).

a-Si:H is very radiation hard light-weight
material (and low Z)

similar to c-Si = weak interaction

(~ 80 electron hole pairs per micron of silicon

created)
— thick DEPLETED diode needed

a-Si:H diodes can be deposited directly on
CMOS readout chips (TFA - technology)

Can be deposited on flexible substrates
— Detectors with cylindrical symmetry

— Non-flat detection surfaces

— Small/thin detector

N. Wyrsch
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Current [A]

Radiation hardness of a-Si:H

510°

1 1

\

LI L N N A B N L N L L S B BN B

20 hours interruption

010° ==

2 10" 410"
Fluence [protons/cmz]

6 10™

Test of a-Si diodes under 24 GeV proton
irradiation. Degradation of carrier collection by
50% for a fluence of 10® p*/cm?

Stabilization attained after ~4x10%° p/cm?
Relaxation process observed

High and renewed interest for high
fluence/high flux application

N. Wyrsch
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TFA detectors

Particle

a-Si:H Detector
Rl 7 Ry Aoty e it Ao [ i 2
i‘r?,ﬂ ”.4: A

(st e 5

ASIC

* Thin-Film on ASIC (TFA)

Thin-Film on CMOS (TFC)

— Above IC technology
« Advantages

Entire chip space floor dedicated to
detection

High geometrical fill-factor

(ratio of sensitive to total area) = Higher
sensitivity

Optimisation of detectors independent of
CMOS design

No dead area (for particle tracking)

N. Wyrsch
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Sensor integration

Si standard technology
— ¢-Si sensor thickness : 300 um
— Low radiation hardness
— Critical system integration

A/ - f Particle

Metal com‘acfs_

——— Signal out

\\\\.'_\ '

ELECTRONICS

 TFA technology

— a-Si:H sensor thickness: < 20um
— High radiation hardness
— High integration level

Negative bias Peripheral edge _
due to passivation particle
‘ layers step / TCO
; ﬁQL’, = pa-Si:H
1 Bat i seeein i
Cdet L \ y

Passivation ———

layers

ypmost metal layer

oftom contact

metal layers

= i jasiH '} depleted
e -|} non-depleted
=1 n a-Si:H
R

s ASIC

\ Crystalline silicon p-substrate

N. Wyrsch



cPFL a-Si:H particle detectors

* a-Si:H is a very radiation hard material

 light-weight material (low Z) similar to c-Si
= low interaction
(=~ 80 electron hole pairs per micron of silicon created for MIPS) = thick diode needed

* Thick a-Si:H diodes (=20 um) can be deposited directly on CMOS readout chips (TFA -
technology)

 Diode must be depleted ! No charge collection outside the depleted region!

)

o

2

?

g Peripheral edge

o due to passivation particle

= layers step / / TCO P

— 7 N .
| N . DN | - .
i e\ = N4 i
© B 2 g n p a-Si:H ™S o
5 =3 ‘T i &) 1 ER
g oo ! ia-SiH | depleted & i i f
Q ' I E 1K
c ' i ( 4 el

2 ., i + ATTIITTEEET) non-depleted : o 4 :
(8] 1 cale e Bacrmnenar R - ” ] .

3 ™~ /’——~‘ n a-Si:H & i '

<? % ¥y .:..
g Vias ' E -
- picture of a 8x6 pixel particles sensor in TFA technology with a [ ';':;,,";" \'»'ﬁ:{' '{ :

32 um thick a-Si:H photodiode layer (CERN/EPFL-IMT).
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IBM 0.25 um technology (MPW)
— 4x2 mm?ASIC

— 32 pixels 38x94 um?,
connected to active feedback amplifiers

— 32 um thick a-Si:H diode (not fully

depleted)
B0 T ek ] 160 e _
: S - 36.0 keV | 140 f
; % 100 1 i 120 —— Signal
= o I .
8 é [ » 100T — Noise
@ S 50 15.6 keV € ool
8 s 2
g g 60
% i 2 [
: %00 0 200 400 600 800 0 00 T
< : O 002 004 006 008 01
% Time [ns] Signal (mV)
- 63Ni source (low energy B) %0Sr (0.546 MeV ) : 1200 e collected per

°
IEM NEUCHATEL
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cPFL  X-ray Detection

IBM 0.25 pm technology (MPW)
= '} — 4x4 mm2 ASIC

— 48 pixels with 150 um size and 380 pum
pitch
connected to active feedback amplifiers
— 15 um thick a-Si:H diode

bbb Ml h L Ll
ANRRRRRRRS &)

| Sample 040407/01 (15um) 55Fe Bias= -145V | Sample 040407/01 (15um) 109Cd Bias= -145V |

,E - E;-.:ri:-; 55135?:: .E - Ezntries 3336
o - 72/n : - I ndf 39.78/15
: g 500 Consuant 3012143 ¢ 300 - Constant  75.83+3.37
é o - Sigma 109.4: 18 w C Mean 2510+ 22.8
p S - ‘G u Sigma 345.4 + 15.0
g © 400 S 250
@ @ B Q C
3 €. L € 200 F
= N il
) 23000 Z2 F 22keV peak
E - 150 [
§ 200 — C
2 - 100
g 100 1 j 50 [
Ll — L
] . -
5: 0|||||||||||||||||||||||||||||||||||||||||| 07||F|||||\|||||||||||||||\|||||| I R
% 0 100 200 300 400 500 600 700 800 900 1000 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
- Signal Amplitude [e-] Signal Amplitude [e-]

" Pv-lab SSFe source: peak at 5.9 keV 109Cd source: peak at 22 keV
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cPFL  Spatial resolution

« Electron beam-induced current (EBIC) map and scan of TFA sensor

'E.DK'ID-? T . T T T - T

5.0x107

4.0x107
dummy strip

3.0x107

current (A)

2.0x107

1.0x107

N\

~ T beam ON connected strips

0.0 n‘udu:lle stnp

AccV SpotMagn Det WD }———— 100um

15S0KV30 277x CL 345 asihd nipSum 0 ' 5[] ' 1[][] 150
distance (um)

Microstrip spaced by 13.4 um with 5 um a-Si:H thick diode
A. Franco et al. , IEEE Trans. on Nucl. Sci. 59 (2012)

« Micrometer spatial resolution achievable
« Very small lateral collection — negligeable cross-talk between pixels/strips
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Large a-Si:H particle detector

Detector for beam extraction efficiency measurement in a synchrotron (at CNAO, Italy for
hadron therapy — treatment of cancers using hardrons or heavy lons)

— Need for a large radiation hard detector

< >

40 mm

5 um thick n-i-p a-Si:H diode
on Cr coated glass substrate

— In development : ultra-thin large detectors to be placed in the beam without distortion
of the beam parameters

N. Wyrsch



=PFL  Large a-Si:H particle detector

« Detector in proton beam (CNAO synchroton)

o
(2]

N. Wyrsch
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Conventional design (made of glass)

Schematic Structure of MCP

CHANNELS

CHANNEL OUTPUT SIDE
WALL ELECTRODE

ONE INTPUT o—_»

ELECTRON N == OUTPUT
ELECTRONS
INPUT SIDE STRIP
ELECTRODE CURRENT
-1l
Vo
Hamamatsu

Micro-Channel Plates (MCP)

Proposed new design (based on a-Si:H) for
vertical integration on readouts
Flexibility in design

Potential for better performances

Single electron, photon-electron, or
charged particle

Top @ Primary electron _ “Vbias

electrode

Secondary icrochan
electron
emission

ectron
Litiplication
ong E-field

Charge packet
or silicon subsirate collected by pixel electrodes

P. Jarron, N. Wyrsch, Patent
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a-Si:H MCP (AMCP) design

= | Vous

Accelerating
Field

S L
7”7

photoelectron

5.5 um

2
9
pm of <n> pc-Si

60-100 um of a-Si:H

/L
L
/L2
77
/L
77
/L
77
/L
4
/L
77
/L
77

-

70 nm of SiO,

W e
00 nm of <n> pc-Si
s \

' % 2 pfn of a-Si_i-I’

el

L
S'gnal c-Si wafer 500 nm N ' ol
70 nm of SiO,
100 nm of chromium
» Vertical integration on readout electronics 1.5 um of $i0,

« Gain depends on aspect ratio (gain = d" for n collision)

A. Franco et al., Sci. Rep. 4 (2014) 4597
S. Frey et al., IEEE NSS/MIC 2019.
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AMCPDJ Chip9 AR:25
Gain
2000

1500 I
1000 - I

500

% | P | | " Electric Field [V/em?]x10*
0 2 4 6 8 0 0 Electric Field [V/em®]x1
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Gain is a function of aspect ratio (AR)
Gain of up to 1500 with AR=25

Gain can be increase with secondary
electron emission layer

Gain potential of up to 10000 (with AR of 35)
Similar to conventional (glass based) MCP

Potential for integration in readout chip
— Monolithic integration (similar to TFA)

N. Wyrsch
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