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Time-of-Flight Elastic Recoil Detection Analysis
From RBS to ToF-ERDA : elemental analysis
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·Rutherford Backscattering Spectrometry ƉRBS  ƎżǎǔǎǑŽ->)

Ɖ Heavy elements on lighter substrate. E.g. Au on Si

·Nuclear Reactions NRA ƎżǎǔǑǍŽ->)

Ɖ Suitable for certain (light) elements, slow depth profiling

·ERDA (1976 ->)

Ɖ Hydrogen (or other light elements) on heavy substrate

·ToF-ERDA (1983 ->)

Ɖ Light elements on heavy substrate,
with additionally heavier elements too.
E.g. TiN (with HCO impurities) on Si
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·Rutherford Backscattering Spectrometry ƉRBS  ƎżǎǔǎǑŽ->)

Ɖ Heavy elements on lighter substrate. E.g. Au on Si

·Nuclear Reactions NRA ƎżǎǔǑǍŽ->)

Ɖ Suitable for certain (light) elements, slow depth profiling

·ERDA (1976 ->)

Ɖ Hydrogen (or other light elements) on heavy substrate

·ToF-ERDA (1983 ->)

Ɖ Light elements on heavy substrate,
with additionally heavier elements too.
E.g. TiN (with HCO impurities) on Si

5×10 nm Al2O3/TiO 2 nanolaminate comparison:
1 MeV RBS    vs     8 MeV (Cl5+) ToF-ERDA



Time-of-Flight Elastic Recoil Detection Analysis
ToF-ERDA ģBrief History
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·Traditional ERDA was first time used in 1976 for determining the depth distribution of light elements in heavy 
materials by 2Ż(NÄÉX³[1] from the University of Montreal

Ɖ With 6 MV tandem: Interest for 10B, 12B, 14B, 20Ne and also characteristic X-rays for trace elements

[1] J. LôEcuyer, C. Brassard, C. Cardinal, J. Chabbal, L. Deschenes, J. Labrie, B. Terreault, J. Martel, R.S. Jacques, J. Appl. Phys., 47 (1976) p. 381.



Time-of-Flight Elastic Recoil Detection Analysis
ToF-ERDA ģBrief History

21.7.2022JYU SINCE 1863. 5

·Traditional ERDA was first time used in 1976 for determining the depth distribution of light elements in heavy 
materials by 2Ż(NÄÉX³[1] from the University of Montreal

Ɖ With 6 MV tandem: Interest for 10B, 12B, 14B, 20Ne and also characteristic X-rays for trace elements

Ɖ First Int. Round Robin for light element profiling (1978, samples implantation by IBM labs: 31 keV 1H and 2H on Si): 
Montreal was the only lab successful for both samples analysis.

[1] J. LôEcuyer, C. Brassard, C. Cardinal, J. Chabbal, L. Deschenes, J. Labrie, B. Terreault, J. Martel, R.S. Jacques, J. Appl. Phys., 47 (1976) p. 381.
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·The isochronous electron transport for timing detectors by magnetic field was first introduced by Zebelman et al. in 
1977 [1], and with electric fields, still most used configuration today, by Busch et. al. in 1980 [2].

[1] A. Zebelman, W. Meyer, K. Halbach, A. Poskanzer, R. Sextro, G. Gabor, D. Landis, Nucl. Instr. and Meth ., 141 (1977), p. 439.
[2] F. Busch, W. Pfeffer, B. Kohlmeyer, D. Schüll, F. Pühlhoffer , Nucl. Instr. and Meth., 171 (1980), p. 71.
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·The isochronous electron transport for timing detectors by magnetic field was first introduced by Zebelman et al. in 
1977 [1], and with electric fields, still most used configuration today, by Busch et. al. in 1980 [2].

·First time ToF-ERDA technique, with energy detector as 2nd timing unit was used in 1983 in Montreal [3].

· 2 timing units were also used in Lyon 1983  [4] and later in Uppsala 1987 to collect real 2D ToF-E histograms [5].

[1] A. Zebelman, W. Meyer, K. Halbach, A. Poskanzer, R. Sextro, G. Gabor, D. Landis, Nucl. Instr. and Meth ., 141 (1977), p. 439.
[2] F. Busch, W. Pfeffer, B. Kohlmeyer, D. Schüll, F. Pühlhoffer , Nucl. Instr. and Meth., 171 (1980), p. 71.
[3] R. Groleau, S. Gujrathi, J. Martin, Nucl. Instr. and Meth., 218 (1983), p. 11-15.
[4] J.P. Thomas; M. Fallavier; D. Ramdane; N. Chevarier; A. Chevarier, Nucl. Instr. and Meth., 218, (1983), p.125Ƈ128. 
[5] H.J. Whitlow, G. Possnert, C.S. Petersson, Nucl. Instr. and Meth. B, 27 (1987), p. 448.



ToF- ERDA - Today
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·ToF-ERDA systems nowadays are typically using smaller energies than in the past.Before 30-50 MeV, now <15 MeV.

Ɖ Scattering angle is about 40 degrees while ToF length is 500-700 mm. Energy detectors have changed to gas ionization chambers.

·Smaller energy allows not only to use smaller, cheaper, more available accelerators but:

Ɖ Higher cross sections - thus less beam is required - thus less sample damage will be caused.

· Even higher cross sections if small energy, heavy beam is used. But it has also downsides, and multiple scattering is not thebiggest worry here!

Ɖ Less substrate signal/events is being measured and more events from the actual film.

Ɖ Use of shorter ToF - thus increasing the maximum solid angle Ɖthus less sample damage, again.

·Very high priority is to minimize sample damage, thus increase the reliability of the analysis and to make it more easy.

How to
achieve
all this ?



ToF- ERDA - Detectors
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·Gas ionization detector for low energy heavy ions, with thin SiN entrance window

30 mbar
pressure

difference

~200 mm2~360 mm2

100 nm thick SiN windows

Recoil ranges in isobutane
10.2 MeV 79Br
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ToF- ERDA - Detectors
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·Gasionization detector for low energy heavy ions, with thin SiN entrance window

Figs from Jaakko Julin PhD Thesis, and from: Jaakko Julin, Mikko Laitinen, Timo Sajavaara. NIM B: Beam 332 (2014) 271Ɖ274.

ӅǍ «ª `Ӄª ­ZAlN on Si measured with 8.5 MeV 35Cl.

1st Gen. JyväskyläGas detector vs pristine Canberra PIPS, borosilicate glass with 13.9 MeV 79Br

Gas detector
PIPS, with PHD 
(channeling)

Excatly same number of event, same sample, same beam, same ToF performance

Thin Co3O4 ̀ Ӄª ­« ´ºXXӃ ªXJ´Ä³XT Ç º| ǎǎŸǔ 5XE63Cu beam. 

< 6.8 MeV

Good resolution
for both light and 
heavy ions



ToF- ERDA - Detectors
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·Timing detectors with ¢1 ns pulse rise times, very thin first timing foil, optimization for hydrogen detection efficiency

Ɖ Max. transparency with max. electron emission with thin foils and electron mirrors

[1] G. Drexler, D. DuBois, Phys. Rev. A 53 (1996) p .1630

Self supporting carbon foils 3 ug/cm2

for first timing unit and 7-10 ug/cm 2 

for the second unit.
F º|  &&.A.86 2 ź «´ÄӃJº «zŻ  2&

AL2O3 coating.

Au plated W - wire grids made with spot welding

Max intensity @ 3 eV [1]

Electron emission intensities from C-foils

25 um Ø wires with 1 mm spacing 
6 grids Ɖ> 86 % total transmission



ToF- ERDA ģHydrogen is everything ! 
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·Timing detectors with ¢1 ns pulse rise times, very thin first timing foil , optimization for hydrogen detection efficiency

Ɖ Hydrogen efficiency

Figs from M. Laitinen, M. Rossi, J. Julin, T. Sajavaara,, Nucl. Instrum. Methods Phys. Res., Sect. B 337 (2014) 55Ɖ61.  and from Mikko Laitinen PhD Thesis.

(Protons)

Carbon foil in T2
18 mm Ø
10 µg cm-2



ToF- ERDA ģIf you donĦt aim for hydrogen itĦs not ERDA..
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·Timing detectors with ¢1 ns pulse rise times, very thin first timing foil, optimization for hydrogen detection efficiency

Ɖ H-efficiency is single electron detection

Figs from Jaakko Julin PhD Thesis, M. Laitinen, M. Rossi, J. Julin, T. Sajavaara,, Nucl. Instrum. Methods Phys. Res., Sect. B 337 (2014) 55Ɖ61, and Hamamatsu

Supressiongrid for the backscattered electrons



ToF- ERDA ģDAQ with off -line processing
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·Data acquisition and processing with time-stamping FPGA unit and Potku Analysis software

Ɖ List mode DAQ with ~10ns time -stamping is a must for ToF-ERDA and off-line coincidence data processing (of elemental losses 
etc.)

Figs from M. Laitinen, M. Rossi, J. Julin, T. Sajavaara,, Nucl. Instrum. Methods Phys. Res., Sect. B 337 (2014) 55Ɖ61  and Jaakko Julin PhD thesis.

100 %

52 %

17 %lenght of the measurement

O - loss

C - lossH - loss



ToF- ERDA ģPotku Analysis software with MCERD
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·Data acquisition and processing with time-stamping FPGA unit and Potku Analysis software

Ɖ ToF-ERD analysis software Potku. Open source, GPL software with Monte-Carlo calculation (MCERD) for ToF-ERD and RBS data

Potku: K. Arstila, J. Julin, M. Laitinen, J. Aalto, T. Konu, S. Karkk¨ainen, S. Rahkonen, M. Raunio, J. Itkonen, J.-P. Santanen, T. Tuovinen, T. Sajavaara, in: Nucl. Instr. Meth . B, 331 (2014) pp. 34Ɖ41.

Potku Tutorial v1.0 on Youtube:
www.youtube.com/watch?v=jkLLDWEHii0

Potku Slab analysis: Potku MCERD interface :

Download now from: https://www.jyu.fi/science/en/physics/research/infrastructures/accelerator -laboratory/pelletron/potku
Join email list: http://lists.jyu.fi/mailman/listinfo/potku

https://www.jyu.fi/science/en/physics/research/infrastructures/accelerator-laboratory/pelletron/potku
http://lists.jyu.fi/mailman/listinfo/potku


ToF- ERDA ģSmall as possible background
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·Comparison of the change of background event by the timing gate design:

Ɖ Hydrogen event comparison between substrate normalized measurements:
OLD design  Ɖ3687, from where usable events 3056 (82.9 %)
NEW designƉ4731, from where usable events 4376 (92.5 %), increase of 43 %

Same H:Si sample (14% hydrogen), measured with 9.5 MeV Cl beam with 700 counts/s at energy detector, excatly same number of relevant data (Si surface region normalized from 100 to 1000 at.cm-2))

OLD JYFL System NEW JYFL System (in Surrey)

From open concept to closed space
OLD NEW

96 events 21 events

~1300 events ~644 events



Application examples
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·From thick films to (<<) below monolayer quantification

Concentration quantifications of the surface atoms or residuals down to 
1×1013 atoms cm-2 have been done, even in routine measurements.
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Isotopic tracking of the chemical process parameters and impurity behaviour

Ź J«T ­Zcource´º­°° «z Z­³NX ªXJ´Ä³XªX«º´ º­­Ź


