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lon Beam Analysis & NUCLEAR
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Single ion implantation

Why single ions?

« Implantation of one particular atom
at exactly known position in exactly
known time seems to be extremely
attractive!

 And itis easy (to perform
experimentaly) !
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Single ions — ionisation & defects
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Accelerator & nuclear microprobe
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Accelerator & nuclear micropro
Available ion beams

127 #2 :

AT RBI - terminal voltages — 0.1 to 6 MV He
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Good selection of ion ranges / dE/dx !!
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Single ion characterisation:

STIM — Scanning Transmission lon Microscopy:
iImaging of areal densities (dE/dx)
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STIM — Scanning ion transmission mic
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STIM — Scanning ion transmission mic
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STIM — Scanning ion transmission mic
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IM — Scanning ion transmission mic

Bi,Sr,CaCu,0g,s Whiskers

5500

5000

4500

4000

- I 3500

25 50 75 100 125

on éxis STIM
8x28 um?

125F

100

751

17.7 um

Combination of STIM with 3D analy
using C ion induced coincidence
spectroscopy

O distribution and concentration in z

direction - small sample dimensions

11 MeV 12C3* ions

j

sof
25} i
| frie
- I o 1 it :-I -
0 T T T | |'J
0 25 50 75 100 125

low energy loss
d~1.45 um

4500
4400
4300

4200

I 4100
4000

ioof - I P L

0 25 50 75 100 125

high energy loss
d~1.68 um

125 _ - - _ - ﬂ

4000

3800



Channeling STIM
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lon beam induced charge - IBI

a) lons lose their energy dE/dx {  electrons
b) Creation of charge pairs e/h |
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lon beam induced charge - IBI

1. for E= 0 charge drift

a) lons lose their energy dE/dx

b) Creation of charg.e pairs e/h Q _ d, l—e_%e _|_d_h l—e_x%h
c) Charge transport: Q, L L
1. Drift - in electric field
- : - Charge carriers produced along
2. Dittusion + the ion path drift in electric field
d) Induced charge - Charge pulse height depends
e) IBIC signal on the local value of electric field,

mobility and lifetime of charge carriers.
- Collection length 9

= E
- for constant E, = ()
Induced charge signal corresponds
to the value of ur




lon beam induced charge - IBI
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lon beam induced charge - IBI

a) lons lose their energy dE/dx
b) Creation of charge pairs e/h
c) Charge transport:

1. Dirift - in electric field

2. Diffusion
d) Inducedcharge  °
e) IBIC signal T
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‘beam induced charge -
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10—F—F—F—7—F— 77—+ 7T T T T 10—V—F—7—7—7—7 71—+ 7T T T T T T T
o84 T _) o0 guE 0.8
| - ]
0.6- . 0.6- .
] : EEEEN;
© o04] n" © o4 gui® !
. n ] al
0.2 - 0.2 -
] [} ] .I
00  mmm 00 mmm
0.075 1 EEEEEEEEEER 0.075 L.
] 1 ™
0.050- 0.050 ] g -
] ] g
- L .-
0.025 0.025 | u
0.000{ mm mm 0.000{ mm EEEEE -
lllllllllllllllllllllllllllllllllllll

-2 0 2 4 6 8 10 12 14 -2 0 2 4 6 8 10 12 14 16
Time Time

L In reality t (charge carrier lifetime) can be short due to defects !




lon Beam Induced Charge
Pulse processing (visit ORTEC tutorial)

0.01 pF

—f
Input from C

00 MO
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BIAS RESISTOR

Delecior

Bias Voltage
Input

Fig. 3. Simplified Schematic of the AC-Coupled Charge-Sensitive
Preamplifier. (For a de-coupled preamplifier, the detector bias resistor is
removed, and the 0.01uF capacitor is replaced by a wire.)

Charge sensitive

preamplification

- For high resolution PHA
(pulse height analysis)

- Due to integration, time
structure of the signal is
forgotten

- Shaping time constant

Current preamplifier
- For studying of pulse time structure
— TRIBIC)

Fig. 1. A Simplified Schematic of the Current-Sensitive Preamplifier.




lon Beam Induced Charge

Pulse processing (time resolved IBIC)
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lon beam induced charge - IBI

Frontal IBIC

Scan area Reverse bias

p-n IBIC signal
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IBIC spatial resolution |
=>» down to 0.25 uym

Frontal IBIC on polyCVD diamond




Frontal IBIC

)

——
—
—

—_—

’ t t
a b cd

a) Interstitial Enpuarity atom, b) Edge dislocaton, o) Self mterstitial atean, d) Vacancy, ) Precipitate of sepurity
atorms, T} Vacaney rype dislocation loop, g) Interstitial type dislocation loop, b) Substinonal mspuriry atodan

L

-
L'

=

Frontal IBIC images can identify
distribution of electrically active defects !

lon beam induced charge

EFG silicon
Schotky diode




lon beam induced charge
Frontal IBIC

! 45MeVLi :
. range 6um ¢

surface

E Si Schotky diode
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By proper selection of ion

type and energy, CCE
(charge collection
efficiency) at different
sample depths can be
imaged.
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lon beam induced charge - IBI
_ Lateral IBIC on Si power diode
lllllll ion beam

contact and/or
heavily doped pn junction
region
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lon beam induced charge - IBI

ion beam
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lon beam induced damage

dE/dx — nuclear stopping
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lon microprobe irradiation & IBIC probin

e — — * For 100% ion impact detection efficiency, IBIC

_ _ﬂ can be used to monitor irradiation fluence
5 _ * Irradiation of arbitrary shapes
] * On-line monitoring of CCE degradation
g 200
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lon microprobe irradiation & IBIC probin

= e el » By excessive irradiation of small detector regions
\. 3 (e.g. 50 x 50 um?) induced defects (charge carrier
- traps) degrade charge collection efficiency (CCE)

Irradiation fluence and CCE are continuously

Average Amplitude

- monitored on-line
! « Damaging/probing concept can be used for
T oo a0 oom radiation hardness tests (e.g Si vs. diamond)
8859601‘”” kil " B SQJHS rgga 4:?93'2:9 0600 sga V. GrllJ et al (RBI, JAEA)
; Nucl. Instr. Meth. B306 (2013) 191
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lon beam induced charge - IBI
scCVD diamond R ﬂl

membrane detector . T e
_ oe:fﬂ : Extreme radiation hardness
‘ }0_4., L e — equivalent of 10'® cm of
. 1 MeV neutrons !!
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lon beam induced charge - IBI

(a) (b)
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CCE=1-D"ko -
ko je svojstvo materijala &= ||k o8t
D* efektivha doza ;

Zakljucak da je otpornost na Diamond: V. Grilj et al, Nucl.
Instr. Meth. B372 (2016) 161

ZLaLERIE S':'C'Ja pdiiamania Silicij: 7. Pastuovic et al, Appl.
a ! Phys. Lett. 98 (2011) 092101 |




Probing the defect creation process

Pulsed beam

3.25 MeV
Cion beam 1 Quadrupole triplet

i | Deflector il ' | | 1 , amplifier

Object slits SiC/Si detector
Collimator slits

System is typicaly used for MeV SIMS & single ion
implantation, irradiation and probing is controlled by SPECTOR

o Dose rate
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Samples:
 Si PIN diode Hammamatsu S1223
« 4H-SiC Schottky diode

Irradiation and IBIC probing:
« 3.25 MeV C ions (both irradiation
and IBIC probing
* lonrange 3.5 umin Si ( as for 1
MeV He ions )
« t,,=1ms;t=0.1to50 ms
. fluence
346 um-2(Si)
33 ym2(SiC)
* 400 pulses



Probing the defect creation process

Pulsed beam

3.25 MeV
Cion beam "] Quadrupole triplet
:L_‘ Eeﬂectcf___ﬁ__ﬁ L —> ;
- e Y ,j f
—
3 d o
Object slits -

Collimator slits

| i amplifier
> _
I.I |

SIC/Si detector

System is typicaly used for MeV SIMS & single ion

implantation, irradiation and probing is controlled by SPECTOR

20 ms 50 ms : 0.1ms

3ms - b 10ms

TEST - 1ms 2ms.

! - REGION :

on

o Dose rate

Samples:
Si PIN diode Hammamatsu S1223
4H-SiC Schottky diode

Irradiation and IBIC probing:

3.25 MeV C ions (both irradiation
and IBIC probing
lon range 3.5 ymin Si ( as for 1
MeV He ions )
t,=1ms; t=0.1to 50 ms
ﬂuence

346 um-=(Si)

33 ym2(SiC)
400 pulses



Probing the defect creation process
Pulsed beam

0.1 1 10

wo—— ] Sipin | No statisticaly significant changes have been observed
o | e fordifferent t,, /t,« cycles (millisecond range)
Sule e eee s etw
e IR IR R H IR R H I Irradiation and IBIC probing:
o O O O A O o « 3.25 MeV C ions (both irradiation
50 -1 I A o8 | P and IBIC prObing
" Sl  lonrange 3.5 ym in Si ( as for 1
: 10 MeV He ions )
4 T |4HSiC e t.=1ms;t,;=0.1to 50 ms
| Lo Eoo » fluence:
- I e 346 pm=2 (Si)
RS N AR IR 33 um2(SiC)
' ] b * 400 pulses
j B Average distance between ions within a single pulse was

>1 um .... too large for ‘dynamic annealing’ of defects




~In air IBIC experiment

120

» Large detector structures (e.g. high energy physics
detectors) can not be tested in small vacuum
chamber

 Alternative — in air microbeam !

« But - beam spot degradation

Energy / air path m 6 um diamond
9.0

3MeV /0.5 mm 1.02 :
3 MeV /2.0 mm 4.39 30.6 0 2 a6 8 10
Distance from exit window[mm]
6 MeV / 0.5 mm 0.50 4.3 35
6 MeV /2.0 mm @ 14.8
9 MeV / 0.5mm - 2.9
9MeV/2.0mm 1.40 9.9
Degradation of beam spot (in micrometers) for SiN and diamond exit foil

— 2 MeV p+ SRIM
- 2 MeV p+ SW model #

100+ ¢+ -6+ 2 MeV p+ experiment

Estimated FWHM of the beam[um]

— 6 MeV p+ SRIM
| -- 6 MeV p+ SW model
41441 6 MeV p+ experiment %
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« SOLUTION:

» SiN exit foll
* up to 2 mm working distance | . . .
energy > 6 MeV !! Distance from exit window{mm]
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Si pin diode
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