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‘kc 8 Theory of the lon Beam Induced Charge
Technique (IBIC).

From nuclear spectroscopy to material analysis
Principles of IBIC

From spectroscopy to microspectroscopy
Basic equations

Validation of the theory

Charge sharing

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




Measurement of the their electronic properties and performances

Main physical observable: current
Current = F(carrier density; carrier transport)

Carrier generation by MeV ions
Generation profile
Recombination/trapping
Carrier lifetime 7

Free carriers (electron/hole) transport
Two mechanisms:

Drift = electric field v=p-E

Diffusion = concentration gradient
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Nuclear spectroscopy
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Incoming Deposited Energy
radiation

Free charge generation
and transport

Output Electrical
Signal V,

out

outeposited Energy,kree Crrier Transport)i

Material Characterization

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its 6
14.08.2012 Simulation for Non-Metallic Condensed Matter




Incoming Electron/hole pair
radiation generation

Charge carrier
transport

Induced Charge at
the sensing electrode

Output Signal
Vout

Vouteposited Energy,kree Crrier Transport)i

Material Characterization
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Using MeV ions to probe

the electronic features of semiconductors
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MeV ion energy
deposition

Charge carrier
transport

Induced Charge at
the sensing electrode

Incoming
radiation

Output Signal
Vout

Vouteposited Energy,kree Crrier Transport)i

Material Characterization
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Electron/Hole pair
generation

{ - Klein's relation

® Experimental data

=" Diamond

> # 4H-SiC
% GaP

GaAs & cdTe

P
L.

K
L
.

2 3 4
Band gap energy Eg (eV)

A. Lo Giudice et al. Applied Physics Letters 87, 22210 (2005)

g.,=average
energy expended
by the primary ion
to produce one
electron/hole pair

1 MeV ion in
diamond generates
about 77000 e/h
pairs

Each high energy ion
creates large numbers of
charge carriers to be
measured above the
noise level.
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MeV ion energy
deposition
Incoming Electron/hole pair
radiation generation

Induced Charge at
the sensing electrode

Output Signal
Vout

uteposited EnergyyFree Carrier Transport);

Material Characterization
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J.R. Haynes, W. Shockley,

“The mobility and life of injecting holes and electrons in germanium,

Phys. Rev. 81, (1951), 835-843.

Collected Pulse W

|

Osal loscope

Fig. 1. Block diagram of the Haynes Shockley experiment: Dy and D are
the emitter and collector point probes.

U S O s -
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time (s}

Fig. 12. Waveform observed in an N-doped Ge sample {p=1 {1 em) with . A . ; - .
P Fig. 11. Waveform observed in a P-doped Ge sample {p=15{} cm) with
optical injection. s
b electrical injection.
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J.R. Haynes, W. Shockley, C. Canali et al., Nucl. Instr.
Phys. Rev. 81, (1951), 835-843. Meth. 160 (1979) 73-77

P-doped Ge; lla diamond;
resistivity about 15 Q-cm; resistivity about 10"° Q-cm;
dielectric constant =1.4pF/cm; dielectric constant =0.5 pF/cm;
Dielectric relaxation time = 21 ps. Dielectric relaxation time = 500 s.

Charge neutrality maintained Charge neutrality not maintained

T
e
i
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o
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time ([s)

Waveform observed in a P-doped Ge sample (p=15 L) em) with 3 n s ec /d i v

400 um thick natural diamond,
biased at 40 V@ RT

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




MeV ion energy
deposition
Incoming Electron/hole pair
radiation generation
Charge carrier
transport

Output Signal
Vout

uteposited EnergyyFree Carrier Transport);

Material Characterization
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Physical Observable:
Induced current/charge
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Physical Observable:
Induced current/charge

W. Shockley, J. Appl. Phys. 9 (1938) 635.
S. Ramo, Proc. |.R.E. 27 (1939) 584.

Q,+Q(t)

\'/

out
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Charged particle in condenser

Q(t) = }I(t)dt

0,9 F
0,75 F
0,6 F
Electric potential 0,45 E
0,3 F
210 D'lg s
207 0
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%gé | Induced charge
195
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0
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0,015 |
0,012 |
0,009
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0,003 |

D r & .
0

Induced current

Constant
velocity v

Stop
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Charged particle in condenser

\"
| I(t)=q-~

Particles decay in fully depleted diode
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lla diamond; resistivity about 10'° Q-cm; dielectric constant
=0.5 pF/cm; Dielectric relaxation time = 500 s.

Charge neutrality not maintained

400 um thick natural diamond,
biased at 40 V@ RT -~

T
o
<
\J
@
-
&

<= Drift time=div =»

3n5eC/diV S EEEEE -

C. Canali et al., Nucl. Instr. Meth. 160 : Tifmi” 12, 44 T6
(1979) 73-77
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ty

Generation at the anode Generation at the cathode

Induced signal from the Induced signal from the
Hole motion electron motion

K. Hecht, Z. Physik 77, (1932) 23
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CURRENT—

Characterization of the transport
properties in diamond
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The current is induced by
the motion of charges in
presence of an electric field
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4H-SiC Schottky diode

Starting Material: 360 um n-type 4H-SiC by CREE (USA)
Epitaxial layer from Institute of Crystal Growth (IKZ), Berlin, Germany
Devices from Alenia Marconi System

CCE=Charge Collection Efficiency

(Charge collected)/(Charge generated)

1.5MeVH+ 2 MeVH*

1,01

Circular Schottky contact ]

(100 nm Ni, 100 nm Au) 0,8

iy =5mmord=3mm Air-bridge .
uard ring electroplated Au, 3 um

1 | 4 p um) |-u0,6 ]

O ]

n, epitaxial 4H-SiC, Si-face 9
about 50 pm thick ]
e 0,4

- 0,2]
0,0t

Ohmic contact, Ti/Pt/Au 0 20 40 60 80 1001 201 40

Applied Bias Voltage (V)
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50 um thick N-type epitaxial 4H-SiC layer
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Generation of electrons and holes in the

Depletion Region Neutral Region

Electric
Field

Depletion

Complete charge collection Only holes injected in the
depletion region by diffusion

induce a charge
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14.08.2012 Simulation for Non-Metallic Condensed Matter




1,0°
08
110,6 -

0 .

0,21

Energy Loss (keV/pm'1)

5 10 15 20

Depth (um
Trieste =

14.08.2012

0,0 Wl pr B Lol o G oo & 1 Tl
0 20 40 60 80 100120140
Applied Bias Voltage (V)




1,0°

o8]

mo,e-/
0 -
004

0,21

Energy Loss (keV/pm'1)

s 00
B 0 20 40 60 80100120140

5 10 15 20 | Applied Bias Voltage (V)

Depth (um)

Trieste

14.08.2012



1,0°

0,8 _ /’7

110,6 -

0 -

004
0,21

Energy Loss (keV/pm'1)

0,0 v T L T T T . T ¥ T k] T v T
0 20 40 60 80 100120140
______ T Applied Bias Voltage (V)

Depth (um)

Trieste

14.08.2012



1,0°

= 0.8
% ]
% Ll 0!6 1
- g "
[ 00,4
3 0,21

5 10 15 20

Depth (pm
Trieste b

14.08.2012

0,0"""'l'l'|-|
0 20 40 60 80 100120140

Applied Bias Voltage (V)




1 0._1_5 MeV 2 MeV mnority carrier

diffusion length

0,8
N e §0’6§ L,=(9.0£0.3) um
- 0,4, D, =3 cm?/s

Depletion Layer (um)

W 0,2

T, = 270 ns
0,0

""""" 0 20 40 60 80 100120140
Applied Bias Voltage (V)

Bias Voltage (V)

4H-SiC Schottky diode
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Temperature dependent IBIC (TIBIC)

CCE(A.U.)
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Two trapping levels

SRH recombination model

0,050-
0,045
0,040 ] M The fitting procedure provides a trapping level of about
& 0,035 '
E 0,030
20,025 B 4H SiC Schottky diodes by DLTS technique (S1 level).
0,020 [
0,015- s
0,010 ———M8¥8 ————
100 150 200 250 300 350 400
T (K)

0.163 eV which is close to the value found in similar

¢ o0 |

E. Vittone et al., NIM-B 231 (2005) 491.
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Time resolved IBIC (TRIBIC)

Silicon Power diode Mesa Rectifier

Proton beam
(2-3-4 MeV)

Mesa Rectifier 168

i

F/t\ v Shaping
(o} mplifier

1,0

1 L | ]

Charge sensitive 0,9

preamplifier Digital 1
oscilloscope  —— TRIBIC 0,8 4 fDOOOVV

Electrodes
(Ag-Ni-Cr) Passivation
“Mesa Glass”

CCE

| ‘ J Experiment
+ 30 um
/ P \« ! 0,3 Theory
160 pm 0:2
0,1

110 pm
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_ Time resolved IBIC (TRIBIC)
4 Silicon Power diode Mesa Rectifier

lifetime
9= (5 +1)pus

Experiment
Theory

2 4 6 8 10 12 14 16
Time
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MeV lons

Frontal IBIC

MeV lons

X Y CHARGE,

v
IBIC IMAGE

Use of focused ion beams
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Trajectories

One advantage of IBIC over other forms of charge collection microscopy is that
it provides high spatial resolution analysis in thick layers since the focused
MeV ion beam tends to stay ‘focused’ through many micrometers of material.

" Loyer 1

4 MeV H+ i

Electrons
10 keV

2 MeV H+ in Si 3 MeV H+ in Si

Electrohs
40 keV

< >
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Nuclear Instruments and Methods in Physics Research B 100 m 3:

Frontal IBIC : ot i
Lonia [BIC investigations on CVD diamond

MeV Ions . ) .
C. Manfredotti *®*, F. Fizzotti **, E. Vittone *°, M. Boero *°, P. Polesello *°,

S. Galassini “¢, M. Jaksic ¢, S. Fazinic ¢, I. Bogdanovic °

6 20

]

saala Pl
12 1 24 2

Fig. 2. Contour plot of the spectrum reported in Fig. 1. Iso-count-
ing contours are displayed. The region contains 128 128 pixels,
but it has been visualized in a 64 X 64 representation.
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Diamond and Related Materials 11 (2002) 446450

Temperature-dependent emptying of grain-boundary charge traps
in chemical vapor deposited diamond

5. M. Heame, D. M. Jamieson," E. Trajkov, and 5. Prawer

Effects of light on the *primed” state of CVD diamond nuclear detectors

C. Manfredotti*™*, E. Vittone™, F. Fizzotti®®, A. Lo Giudice®®, C. Paolini*®

Under

80°C

Polycrystalline
CVD diamond
Frontal IBIC

conditions

Single grain IBIC line scan

165°C
4|—— 200V gggi&on B:
snov e o 40 2 MeV proton beam FIG. 1. Ion beam induced charge (IBIC) maps using a scanned 2 MeV Het

microprobe of the charge collection i CVD diamond at various tempera-
tures. The location of the electrodes i1s shown. Note that the charge collec-
tion efficiency 1s always highest near to the anode.

i

N
0 Wik h ,_-...ulj.:\ S klr"h‘.s"‘. Bt besgin sy el
0 100 200 300 400 500 600 700

Channel number

Position (hm

Intra-crystallite charge transport
M.B.H.Breese et al. NIM-B 181 (2001), 219-224; P.Sellin et al. NIM-B 260 (2007), 293-294
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GaAs Schottky diode
Frontal IBIC

(frontal irradiation)
2 MeV proton
microbeam

l Schottky contact

—

GaAs

active region

sample holder ‘ ’

1cm

FRB L12, frontale
30V

Effects of inhomogeneous
Poor spectral cabon doping
resolution

15 20 25 30

Efficiency (%)

E. Vittone et al., Nuclear instruments and Methods in Physics
Research B 158 (1999) 470-47
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Frontal ion -

Irradiation

Energy Loss (kerp.m )

Surface
defects

20 25 30
Depth (pm)

M. Jaksic et al.Nuclear Instruments and Methods in Physics
Research B 188(1-4) (2002) 130-134




ANGLE RESOLVED IBIC (ARIBIC)

2 MeV proton beam

proton beam proton beam
o =68° o=0°

';r—
Au/Ni Schottky contact \\‘r‘

(about 300 nm) T .
depletion s
I fayer 4 100V
; x 90V
n-type 4H-SIC epilayer : * 80V
(48 nm) 1 o 70V
it * 60V
a 50V
A 40V
o 30V
n'-type 4H-SiC substrate _— = 20V
(360 pm) 7 7 0.5, . | . . . ‘
_ _ N N SN N i 20 40 60 80 100 120 140
Ohmic contact, Ti/PtAu 0 10 20 30 40 50 60 70 Reverse Bias (VOlt

o (degree)

L=(9.9+0.8) um

Dead layer energy loss of
2315 keV at a=0°.

Energy Loss (keV/um)
Depletion Layer (um)

T T T T T T T

30 40 50 60 70

— - - Bias Voltage (V)
12 16 20 24 28 32
Depth (um)

A. Lo Giudice et al. Nuclear Instruments and Methods in Physics
Research B 249 (2006) 213—-216



Lateral IBIC

lon Microbeam Facility of Ruder
Boskovich Institute, Zagreb (HR)

Si p-n diode

Cathod
5 MeV proton athode

Polished and
passivated lateral
surface

Leakage current
below 100 nA@ 100 V =

IONIZATION
TONS RECOILS §

Energy Loss (eV/Angstrom)

15
“'pm 3 nt
E 10"+
Vgl 3
— _.P—I—
710" 1
-]
r AN
—10 n A 2 - Target Depth -
LA L B B W B B i R

25 50 75 100 125

Position ()
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Depletion
Region

Lateral IBIC

Bias voltage = 20.3 V

Si p-n diode

=
Q
c
Q
=)
=
@
c
=]
©
Q2
©
(&]

100 150 200 250 300
Depth (um)

3 MeV proton

minority carrier diffusion length

C. Manfredotti et al., Nuclear instruments and Methods in Physics
Research B 158 (1999) 476-480
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Pristine diode Au doped diode
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Currents to Conductors Induced by a Moving Point Charge 5.
s Currents Induced by Electron Motion

Beil Telephone Laboratories, Inc., New York, N. Y. SIMON RAMOfT, ASSOCIATE MEMBER, LR.E.
(Received May 14, 1938)

Gunn theorem

Solid-State Electronics Pergamon Press 1964. Vol. 7, pp. 739-742, Printed in Great Britain

A GENERAL EXPRESSION FOR ELECTROSTATIC
INDUCTION AND ITS APPLICATION TO
SEMICONDUCTOR DEVICES "~

J. B. GUNN

IBM Watson Research Center, Yorktown Heights,
New York :

(Received 2 March 1964 ; in revised form 26 March 1964)

Abstract—A new formula is deduced, under rather general conditions, for the charges induced
upon a system of conductors by the motion of a small charge nearby. The conditions are found under
which this result can be simplified to yield various previously derived formulas applicable to the
problem of collector transit time in semiconductor devices.
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Weighting field 'velghting potential:

Q= t_fldt = —qtfv -E,dt = —qTEWdr =
ta ta I

=q- (\VW(rB) - \VW(rA)) =q- {

is given by the difference in the weighting potentials between any
two positions (r, and rg) of the moving charge
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Electrostatics

Induced charge

Electrons/holes

A i . —_
v, = Oy | Electric field
w =
oV <
1 initial
position |
D _
5 Z
B <
) -'6 Transport
; Q. properties
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0

Depth
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potential

Electric field
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( I J
o0
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To evaluate the total induced charge

Magnetic effects are negligible;

Evaluate the actual potential Electric field propagates instantaneously

by solving the Poisson’s equation Free carrier velocities much smaller than
the light speed

Excess charge does not significantly
perturb the electric field

Evaluate the Gunn'sweighting potential

oy Solve the transport

oV

. _ _ . (continuit y) equations
V is the bias potential at the sensitive electrode

The induced charge Q into the sensing electrode is
given by the difference in the weighting potentials
between any two positions (r, and rg) of the moving
charge
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Basic assumptions

Free carrier velocities Magnetic effects are negligible;
much smaller than the light Electric field propagates instantaneously
speed 1
ELECTROSTATICS
Excess charge does not on - -
significantly perturb the 5V htG -,
field within the detector p = -
——=-V-J,+G, -U,
ot
1 V-(e-Vo)=plp.n)
Quasi-steady-state mode ‘
%:vjn+gn_un Linearization of U
\ on - - n
0 - ZovV-d +6G ——
\a—I::—V-Jp+Gp—Up ot TR
P_9.3+6,-P
~ - T
V-[e-V4)=plp,n) g
V(- V)= plp.n)




Boundary conditions

Insulator-Semiconductor Rectifying

Elm contact

Semiconductor
bulk

- I
Ohmic contact

Initial conditions

For mapping charge pulses

G,, =0(r-r,)-3(t)
r, = Generation point at t=0

Basic formalism

Solve the continuity equations using
the potential ¢, defined by
boundary conditions, space charge

on - - - n
— =4V \-pn,-Vd,-n+D,-Vn|+ G, ——
at ( “’I"I (I)O n ) n Tn
op_ = p

E_—V-(ﬂ% Vo, -p—Dpﬁp)+Gp - =

; :

p
Evaluate the actual potential ¢
by solving the Poisson’s equation

V- (8 ) 6(I)): p(p’n)

U

Evaluate the induced charge
Q(ry,t) = —§&- Vo(ry,t)-dS
Evaluate the induced current

I(r,,t) :%




b=/ Insulator-Semiconductor

Formalism based on the Gunn’s theorem

- Rectifying
interface
By contact
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Solve the continuity equations using the
potential ¢, defined by
boundary conditions, space charge

on - - - n
—=+4V-|-p,-Vd, -n+D_ -Vn)+G_ ——
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op_ = p

E——V-(wp-v% .p-D, -Vp)+G, -2

- I
Ohmic contact

Initial conditions
For mapping charge pulses
G,, =0(r-r,)-3(t)
r, = Generation point at t=0

1 ,,

Evaluate the Gunn's weighted potential
oE
oV,
by solving the Poisson’s equation
V.(-E)=p
The potentials of all the other conductors

are held constant l

Evaluate

Q;(t) = —qj dt’ [dre [n(r, t'5r,) - v, (r) + P(r,'35) - v, (1)

the induced charge

oE(r)
oV,

\'




Adjoint equation Method Eilinan

Charge Induced from electrons
v}

oE(r)
is the Green's function for the electron continuity equation

Q;,(t)= —qjdt'jdr{[n(r,t';ro) v, ()]

oV,

The continuity equation The charge induced from
involves linear operators  electrons can be evaluated by
—> solving a single, time
dependent adjoint equation.

an+ n+ n+ — an
= +§-(+un Vo -n"+D, -§n+)+G*n ——

ot T . oE
n G — . V . —_——
n =M, VO o,

T.H.Prettyman, Nucl. Instr. and Meth. in Phys. Res. A 422 (1999) 232-237.



Monte Carlo Method Elinns

Shockley-Ramo-Gunn Theory

A charge moving in a non-zero electric field induces a current to
the sensitive electrode.

dyp/dV is the Gunn’s weighting potential, where y is the electric
potential and V the bias voltage

Q= q[a:ﬁ a;ﬁH

Follow the carrier trajectories by a Monte Carlo approach
Taking into account

‘s*physical parameters (geometry, electric field, transport properties)
sexperimental set-up (noise, threshold, beam spot size)

P. Olivero et al., Nucl. Instr. Meth. B 269 (2011) 2350



. . front Schottky contact
Diamond Schottky diode structure:

v" homoepitaxial growth on HPHT
substrates

v (type b, 4x4x0.4 mm3) slightly B ]
doped (Acceptor concentration = | back contact
1013-1014 cm-3)
heavily B-doped buffer layer as
back contact (Acceptor
concentration ~ 10'8-10"° cm)

v' 25 pm thick intrinsic layer as ] .
Tl ideality factor: n = (1.51 + 0.04)
Schottky contact: frontal Al circular series resistance: R = (5.1 £ 1.6) kQ
contact (J = 2 mm, 200 nm thick) on - back B-doped contact
intrinsic layer _ shunt resistance: R, = (900 + 6) GQ
ggﬁ;(agtontact on B-doped layer > ohmic @ 50 V -> 1<50 pA

sample cleaved in order to expose its
cross section for IBIC characterization

intrinsic diamond layer

HPHT substrate

heavily B-doped layer

S. Almaviva et al. “Synthetic single crystal diamond dosimeters for conformal radiation therapy
application”, Diamond & Related Materials 19 (2010) 217-220




] charge sensitive electronic chain
Lateral IBIC measurements performed at the ion and synchronous signal

microbeam line of the AN2000 accelerator of the acquistition with microbeam
scanning

National Laboratories of Legnaro (LNL-INFN)

ion species and energy: H* @ 2 MeV fre

metal contact s

L I S
ion current: <103 ions s - no pile up [l Nk

or charging effects

ion beam spot on the sample:
FWHM = 3 ym

raster-scanned area: S = 62x62 um?

ion microbeam

HPHT substrate

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




Lateral IBIC

A

~ -\\\;W

'\.\ 0\

Mean CCE (%)

MeV lons

Y axis (um)

Viias =0V Viias =9V Viias =18V Viias = 20V CCE

i 3 ] ! 100%

Ve =60V

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




Plateaux:
Depletion region
(active region)
Vs.

Bias voltage

T o T T ¥ T LIRS | T x
0 10 20 30 40 50 60 70

vV, (V)

e = Exponential-like decay outside
Y axis (um) the highly efficient depletion
region

Electron diffusion length: L =./D, -1, =(2.57 £ 0.17)um
Mobility - lifetime :p, -1, =(2.57£0.3)V/cm’

A. Lo Giudice et al, Physica Status Solidi Rapid Research Letters 5 (2011) 80-82




The induced charge Q at the sensing electrode is given by the
difference in the weighting potentials between any two positions
(rp and rg) of the moving charge

_q.| OV
Q — a_VfinaI

position

Actual potential Weighting potential
Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




Actual potential Weighting potential

Sensitive electrode

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




Actual potential Weighting potential

Sensitive electrode
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Actual potential Weighting potential

Sensitive electrode
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Actual potential Weighting potential

Sensitive electrode

L  X=Xo R

300

CURRENT
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Actual potential Weighting potential

Sensitive electrode

L  X=Xo R
o : L ]
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S*f—_"”i'_image__ 4H-SiC Schottky diode
' . Inter-digitated frontal
| electrodes
. - Finger width: 50 um
#8 - Finger length: 700 pm
r - Finger-finger gap = 20 um,;
:: - Finger-guard ring = 70 um.

IBIC map
1.5 MeV H*

100 W
Electrostatic
Potential map
| I V=100V

E.Vittone et al. Nuclear Instruments and Methods in Physics
Research B 266 (2008) 1312—1318.




Weighting potential maps

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




Calculated CCE maps
(A

A =

CCE

K

Trieste Joint ICTP-IAEA Workshop on Physics of Kadiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




0.9 MeV protons
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Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its

14.08.2012

Simulation for Non-Metallic Condensed Matter




0.9 MeV protons 1.5 MeV protons

ot t04e00 00401000 o0b00 ey,
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Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




hole diffusion length = 8.7 um.
hole lifetime = tp = 250 ns

| LX)
%77 900 keV
1 Configuration A

0,6 1

900 keV
Configuration B

0,5 1

CCE

041 / 10 >,
4 (3] .
"""'—ﬂ*\ . X ]
03+ o ° 1500 keV 0.9 1
| Configuration A - Y
- 900 keV
0.2 0.8
®e
T T T
40

10 2 30 w 0'7_- oo . SRR . T
Position (um) 8 06 _._"_hir\)“ e, g o
] . 1500 keV 9
051 v v
0.4_- % e,
The electrode edges " 130 V
are highlighted by the S S N N N S
. . -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70
vertical black line. Position (um)

Trieste

14.08.2012



Horizontal electric field
< >
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Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




RIGHT ELECTRODE

CCE AS FUNCTION OF
ION STRIKE POSITION

-2 0 2
Position (um)

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




LEFT ELECTRODE RIGHT ELECTRODE
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Position (um)
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3

ION STRIKE POSITION
AS FUNCTION OF CCE

POSITION SENSITIVE
DETECTOR

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




Position sensitivity - proof of concept: three-electrodes test device

L.M. Jong et al., Nuclear Instr. Meth. B 269 (2011) 2336

2 MeV He beam @ NEC 5U
Pelletron, Melbourne
1 um spot size

Top view

lon beam

position (gm)

p* diffused B 2d =12 pm p* diffused B
——

W
|

5 nm oxide 200 nm PMMA

(=]
|

Intrinsic Si

position (um)

[
v
|

|J .‘ S c TEATI
ANCTR s

| 400 nm resolution

n* diffused P

LE=Nn

0,2 0,4 0,6 0,8

Cross sectional scheme

J. Forneris et al.

Modeling of ion beam induced charge sharing A SUB-MICROMETER POSITION

experiments for the design of high resolution

position sensitive detectors, Submitted to NIMB SENS'T'VE DETECTOR

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter




IBIC
(lon Beam Induced Charge Collection)

Analytical technique suitable for the measurement of transport properties in
semiconductor materials and devices

» Control of in-depth generation profile

> Suitable for finished devices (bulk analysis).

» Micrometer resolution

» CCE profiles: Active layer extension; Diffusion length

> Robust theory; FEM and MC approaches

> Analysis of multi-electrode devices

>

Trieste Joint ICTP-IAEA Workshop on Physics of Radiation Effect and its
14.08.2012 Simulation for Non-Metallic Condensed Matter
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