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1. Introduction: Rutherford Backscattering Spectrometry

Jozef Stefan Institute



Rutherford Backscattering Spectroscopy (RBS)
Elastic Recoil Detection Analysis (ERDA)
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Fig 3. Schematic view of the RBS/ERDA experimet
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Rutherford Backscattering Spectroscopy (RBS)
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2. Experimental setup:
detectors, electronics, dose measurement

Standard RBS: Scattered ions are detected by silicon
detectors

Old concept: surface barrier detectors

Modern concept: lon implanted detectors
Characteristics:

Energy resolution:
FWHM of the 1Am alpha particle peak at 5.486 MeV
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SBD: Scratch sensitive !

N-TYPE OR P-TYPE SILICON

SILICON WAFER

EPOXY

Tes

WAFER MOUNTED ON RING
AND EPOXIED
—~—

EPOXY
METALLIZATION

B e GOLD AND ALUMINUM CONTACTS
— CHEMICAL TREATMENTS

METALLIZATION (CANNING FOLLOWS)

Fig. 1. (A). Simplified Diagram of Surface Barrier Si
Detector Manufacturing.
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Implanted: Could be
washed by isopropyl-
alcohol

N-TYPE SILICON

//////////////

SILICON WAFER

OXIDE PASSIVATION AT
HIGH TEMPERATURE

(The thickness of the cx2e z.2 =

P-SERIES

MR

L

b4

N-SERIES

]

greatly exaggerated *z- - = —.

OPENING OF "WINDC wz”

DOPING BY ION
IMPLANTATION AND
ANNEALING

(CANNING FOLLZ wz

Fig. 1. (B). Simplified Diagram of lon-implantec s
Detector Manufacturing.

Manufacturing process: Surface Barrier Detector, lon-
Implanted Si Detector (Source: EG&G Ortec Catalogue, 95)



. Semiconductor Detectors
226 10. Sem

Fig. 10,11, Formation of a Schott- Metal Sem@_sic%c;g:ctlon |

ky barrier junction Lt e Insulating ring
band //

Fig. 10.12. Schematic diagram of }mﬁ'ﬁ i

a surface barrier detector (from TS

Ortec [10.28])

surface

Silicon wafer

Metal case

Connector

Depletion layer formation in Surface-Barrier Detector,
Packaging of the Si wafer into detector housing
(Source: W.R. Leo, Techniques for Nuclear and Particle
Physics Experiments, Springer)
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DETECTOR

‘ 1 % e GATED BIAS
PREAMPLIFIER < AMPLIFIER AMPLIFIER MULTICHANNEL
N\ {Optional) ANALYZER

BIAS SUPPLY

"Heiz

Fig. 6. Typical System for Charged-Particle Sp

Source: EG&G Ortec Catalogue, 95

Digital Pulse
Processor
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Good practice rules

Goal: to obtain declared energy resolution
of the detector, or better! (i.e. 11 keV)

1. Connection Detector-Preamp as short as possible

2. Impendance of the coaxial cable (i.e. 50 Ohm) not interrupted from
detector up to preamp. Keep the coaxial geometry, do not interrupt the
outer shield of the coaxial cable

3. Detector, preamp and outer shield of the coaxial cable insulated from
the vacuum chamber and/or beamline

4. If the cables from the preamp to the Spectroscopy amplifier or DPP
long (more than i.e. 2 meters), use preamp with higher gain ( if available)
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Preamplifier: input and output connections
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UHV electrical feedthrough: Both Air and Vacuum-side with BNC
connector, ceramic separator of the cable outer shield

j= oT? Jozef Stefan Institute



Preamplifier with a Peltier-cooled FET: Amptek CoolFET
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Mass resolution
increases with
scattering angle:
Position the RBS
detector as close
as possible to
180°, i. e. at

the scattering
angle of 170°
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If the guidelines are met, and with some experimental persistence to
optimize the setup, we may reach(beat ?) the Specs of the detector

(B SIMNRA - E\Round robin measurements Radiate\rbs\190830C2_08_Si_4uC.nra — X
File Edit Setup Target Reactions Calculate Tools Plot Options Help

IR E2 2 2@ (MMM

Energy [keV]
2360 2280 2400 2420 2440 2460 2480 2500 2520 2540 2560 2580 2600
1 1 1 1 1 1 L L 1 1 L L 1

110
I | —
105 1 “I‘ ! ITl \ @ 120830C2_08.cam
f\ | /| ! I [\ — Simulated

1 IWARA | _ .
o A | Energy resolution:
'l'i \I‘I‘ \ o\ | A F|r"
AN S SN 10 keV

90
sy | ‘ ‘ | ‘l X \ W {\ Y | | ‘
o] | H ! ST AR e SR Det. Specs: 11 keV
75

70 |

65 l ll
60
55
50
45
40
35
30
25
20
15
10
5

Counts

sos 0 5

950 955 960 965 970 975 980 985 990 995 1,000 1,005 1,010 1,015 1,020 1,025 1,030 1,035 1040 1,045 1,050 1,055 1,060
Channel

X% 3603055 X%: 175331

RBS on Si wafer: Beam 3He, E= 3.8 MeV,
Source: Dr. Sabina Markelj
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Measurement of incoming ion dose

1. Charge integration on the sample: secondary electrons
(negative) escape from the sample, readout too high.

Mitigation strategies:

A: positively biased target:
Charge integrator

B e

Sample Battery pack -
U>100 V

B: Entire chamber insulated, earthed via charge integrator. Problems:
system very susceptible to EM noise, big piece of metal-chamber is
effective antenna, stray currents detected

Jozef Stefan Institute



2. In-beam devices
Deliver signal proportional to the incoming ion dose

Insensitive to the secondary electron escape from the
sample, type of the sample

Need to be calibrated by well characterized samples

Jozef Stefan Institute
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30 mm

BEAM

Replaceable — /
shaping slit

Insulating ruby Charge int. MNeg. bias
balls

Fig. 1. Construction of the in-beam mesh charge collector. The tungsten mesh is inserted between the two central electrodes.
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Dose normalisation by chopper:
RBS from rotating chopper positioned in the beam
after the collimation slits

RBS detector

Belt transmission

i N /-/

= 2 2001 1 Integrated
3x1 um thick gold 00 1 Au signal
foil on graphite, 100 { proportional
mounted on o= to the proton
aluminum support ch dose

Jozef Stefan Institute ctp, october 2019



4. Data evaluation: simulation software
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Energy calibration of the RBS detector:
Assumptions:

1. Energy of incoming ions well known
(accelerator is energy-calibrated via nuclear reactions)

2. Any eventual foil in front of detector known for its
thickness and composition

Set of monoelemental samples with smooth surfaces used

Escatt (surface) =K (M1’ Mz’e) X EInitial

Jozef Stefan Institute



i Origin 7 - C:\Pele\CentralaABRBS-ERDA\Jul05\Kalibracija_ RBS___ =] B4

£ File Edit View Plot Column Analysis  Statisti i
Origin 7 - C:\Pele\CentralatRBS-E
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2 | o 5 e 120 e s
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4000 - = B

Linear Fit of Data1_B

3000 -

Y=A+B*X

Parameter Value Error

Energy [keV]
S
3
|

A 28.12775 6.32754

B 11.50889 0.02762
1000 -
R SD N P
0.99999 6.11599 6 <0.0001
| ! | ! |
100 200 300
Channel

E = 11.509 keV/channel x NoOfChannel + 28.1 keV
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5. Examples
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Thickness TaN,
TaN, SI 200nm- 400nm
Sio}
9000 - ! ' ! ' ! ' ! ' ! ' ! ' ! ' ! ' !
] Ta  /SiO,/Si (2579 OC) s,
8000 . . .
o TaN,,, /SiO,/Si (1964 20C) D e

50 100 150 200 250 300 350 400 450
Channel
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Wafer S5: etch/ Ta 2nm/ AINxOy nm/Au
2nm

Au  AINxOy,
Impurities ?
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Simulation:

SIMNRA software, author Matej
Mayer, IPP Garching
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I ) I 1 l ) I I I L) l || I T
RBS, 'Li*" E=4.23 MeV,
Theta=160 deg
1000 - Sample: ITN S5 i
£ Al
% 1002 r .
S ]
10 4 _
1 < measurement Y
simulation oo o i
! | ! | ! T

50 100 150 200 250 300 350 400
Channel




Thank you for your attention.
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