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ABSTRACT

The response of a low-cost Si photodiode model BPX 65 for low-energy electron spectrometry is investigated
envisaging  its  use  in  measurements  of  electron  multiple elastic  scattering.  The electron  beam with  energy
between 10-100 keV is delivered by the gun of the Racetrack Microtron at Instituto de Física, Universidade de
São Paulo, with an energy dispersion less than 0.5 keV. The energy resolution achieved was less than 3.5 keV,
limited mainly by noise from the electronic acquisition chain. For count rates between 20 and 5500 counts/s, the
variation on the centroid of electron peak was smaller than 0.4% throughout the energy range. Therefore, the
BPX 65 is suitable for electron spectrometry.

1. INTRODUCTION

Commercial silicon PIN photodiodes are an attractive alternative as low-cost detectors. For
decades, these devices have been applied successfully in the detection and spectrometry of
internal  conversion  electrons,  low-energy  photons  and  alpha  particles,  thanks  to  their
simplicity of use, good energy resolution and low cost [1-11]. Typical energy resolution, in
terms of full  width at  half  maximum (FWHM), is  1.8 – 4.5 keV for internal  conversion
electrons and photons and 11.0 – 16. 7 keV for alpha particles [4, 6, 10].  However, they are
used  in  electron  accelerators  only  for  to  X-ray  detection  [12],  motivating  the  present
investigation on electron beam spectrometry with commercial PIN photodiodes.

The chosen device is a Si PIN photodiode, model BPX65 supplied by Osram with planar
geometry. This photodiode was so far used only as radiation dosimeter either with gamma-
rays or ions [13, 14]. Its dead layer was estimated by Jaksic et al. [13] as being 300 nm,
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encouraging  this  study  on  its  application  as  electron  spectrometer.  In  this  paper,  the
preliminary results obtained with this low-cost photodiode for the electron spectrometry in
the 40 – 100 keV energy range using electrons from the São Paulo Racetrack Microtron
Accelerator is presented. The effect of the count rate on the centroid of the full-energy peak is
also assessed.

2. MATERIALS AND METHODS

The BPX 65 is a commercial PIN (p-type – intrinsic – n-type) photodiode with capacitance of
11 pF (at 0V) and an active area of 1 x 1 mm2. This device is encapsulated in a TO-18 metal
can package,  whose optical window has been removed to allow electron detection.  From
capacitance measurements, the operational bias of BPX 65 has been chosen as 18 V, which
correspond to a thickness of the depletion layer of 60 ± 3 μm.

The windowless photodiode has been placed inside a stainless-steel  vacuum chamber kept
under a pressure of 7 mPa.  The BPX65 has been directly connected to a charge sensitive pre-
amplifier (model 2004 by Canberra). Its output pulses have been shaped and amplified by a
linear amplifier (model 572 by Ortec), whose shaping time has been set at 2 μs and the gain
at 800, and fed to a multichannel analyzer (model 927 Aspec by Ortec).

The electron beam from the Racetrack Microtron at Instituto de Física, Universidade de São
Paulo, with energy ranging from 10 to 100 keV, is delivered to the irradiation chamber. The
beam current has been adjusted in order to obtain different count rates for 40, 60 and 100
keV. 

The  BPX  65  has  been  positioned  perpendicularly  to  the  electron  beam at  0° inside  the
irradiation chamber. An Al collimator with an aperture of 0.5 mm in diameter and a thickness
of 0.3 mm is placed in front of the detector.  From the acquired electron beam spectra,  a
background spectrum, measured by deviating the electron beam, was subtracted. 

In order to calibrate the spectrometric system, photons and electrons have been used. Under
60 keV, photons from radioactive  sources have been the calibration references,  since the
energy loss by particles in the dead layer of the diode is more significant at low energies.
Spectra of 241Am, 133Ba and 57Co radioactive sources have been acquired at room temperature,
placing a 0.5-mm thick Al foil between the BPX65 diode and the sources to guarantee the
detection of photons only. All gamma-ray emissions under 60 keV from these radioactive
sources have been used for the calibration curve (from 14.4 keV to 59.5 keV). For energies
above 60 keV, the nominal voltage of the electron gun has been used, which presents an
uncertainty of 500 eV estimated by comparing the nominal  value with experimental  data
determined from the maximum energy of bremsstrahlung spectra from different targets. This
technique was described by Fernández-Varea et al. [15]. 

3. RESULTS

The energy spectra from electron beams of 40, 60 and 100 keV are presented in Figures 1, 2
and 3, respectively. The different colors correspond to different count rates. The counts in all
spectra  have been normalized  to  the live time (acquisition  time minus dead time)  of the
spectrum with lowest count rate.
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The full  width at  half  maximum (FWHM) of the full-energy peaks is  less than 3.5 keV,
limited mainly by electronic noise from the acquisition chain, since the resolution of a pulser
is 3.3 keV.

Peaks can be seen for count rate over 50 counts/s placed in a region around two times the
energy of the electron beam and thus the full-energy peak. These peaks are due to pile-up
events, where two pulses partly or completely overlap in time, even with the pile-up rejection
circuit turned on. 

There  is  a  low-energy  continuous  component  at  energies  below  the  full-energy  peak.
According  to  Damkjaer  [16],  this  region  is  formed  by  electron  backscattering  and
bremsstrahlung emission. In our case, the latter is responsible for less than 0.03% of the total
energy loss [17]. Therefore, these counts should only arise from backscattered electrons.

Figure 1:  Energy spectrum from a 40-keV electron beam for different count rates.

For count rates between 20 and 5500 counts/s, the variation on the centroid of the electron
peak  was  lower  than  0.4%  throughout  the  energy  range,  as  presented  in  Figure  4.
Nevertheless, the determination of full-energy peak centroid in the presence of pile-up peak is
rather difficult. Thus, it is likely that this difference is mainly due to the pile-up rather than
the different count rates. For this reason, the future application of the BPX 65 photodiode for
electron spectrometry will be conducted for low count rates.
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Figure 2:  Energy spectrum from a 60-keV electron beam for different count rates.

Figure 3:  Energy spectrum from a 100-keV electron beam for different count rates.
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Figure 4:  Peak centroid as function of the count rate. The red  lines represent the  mean
value.

4. CONCLUSIONS 

The performance of the BPX 65 as an electron detector for energies between 40 and 100 keV
have been investigated. Despite the low efficiency, the energy resolution is less than 3.5 keV,
quite comparable to other commercial PIN photodiodes operated at room temperature. The
main limitation for its resolution in the employed setup is noise from the electronic chain (3.3
keV). No appreciable shift in the centroid of the full-energy peak is observed with incresing
count rate up to 5500 counts/s, being always less than 0.4 %. Nevertheless, the presence of
pile-up peak even with the pile-up rejection circuit turned on indicate that, when precision is
needed, the BPX 65 photodiode should be exposed to low count rates.

ACKNOWLEDGMENTS

The authors are grateful to Profa. Dra. Marina Fallone Koskinas from Instituto de Pesquisas
Energéticas e Nucleares (IPEN), São Paulo, for manufacturing the source of 57Co. This work
has been funded by Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP)
under  Contract  No.  2016/13116-5.  A.R.P. acknowledges  a  fellowship by FAPESP,  under
Contract  No.  2017/12661-2.  A.M.  acknowledges  support  by  Conselho  Nacional  de
Desenvolvimento Científico e Tecnológico (CNPq) under Contract No. 306331/2016-0.

INAC 2019, Santos, SP, Brazil.

1211



REFERENCES

1. D. Kollewe, “Performance of 10x10 mm2 PIN silicon photocells used as high resolution
charged particle detectors”, Nuclear Instruments and Methods in Physics Research A 254
pp.637–638 (1987). doi:https://doi.org/10.1016/0168-9002(87)90044-1.

2.  P.  H.  Gooda,  W.  B.  Gilboy,  “High  resolution  alpha  spectroscopy  with  low  cost
photodiodes”, Nuclear Instruments and Methods in Physics Research A 255  pp.222–224
(1987). doi:https://doi.org/10.1016/0168-9002(87)91105-3.

3. I. Markevich, I. Gertner, J. Felsteiner, “H+ and He+ spectroscopy using PIN photodiodes”,
Nuclear  Instruments  and  Methods  in  Physics  Research  A 269 pp.599–602  (1988).
doi:https://doi.org/10.1016/0168-9002(88)90139-8.

4. H. Yamamoto, S. Hatakeyama, T. Norimura, T. Tsuchiya, “Low energy nuclear radiation
detection  with  a  silicon  photodiode”,  Nuclear  Instruments  and  Methods  in  Physics
Research A 281 pp.128–132 (1988). doi:https://doi.org/10.1016/0168-9002(89)91223-0.

5. C. Weinheimer,  M. Schrader, J.  Bonn, T. Loeken, H. Backe,  “Measurement of energy
resolution  and  dead  layer  thickness  of  LN2-cooled  PIN  photodiodes”,  Nuclear
Instruments  and  Methods  in  Physics  Research  A 311 pp.273–279  (1992).
doi:https://doi.org/10.1016/0168-9002(90)90776-3.

6.  C. C. Bueno, J.  A. C. Gonçalves,  M. D. de S.  Santos,  “The performance of low-cost
commercial  photodiodes  for  charged  particle  and  X-ray  spectrometry”,  Nuclear
Instruments  and  Methods  in  Physics  Research  A 371  pp.460–464  (1996).
doi:https://doi.org/10.1016/0168-9002(95)01016-5.

7. C. C. Bueno, J. A. C. Gonçalves, R. R. Magalhães, M. D. S. Santos, “Response of PIN
diodes  as  room  temperature  photon  detectors”,  Applied  Radiation  and  Isotopes 61
pp.1343–1347 (2004). doi:https://doi.org/10.1016/j.apradiso.2004.03.064.

8. S. Zhao, T. Gohil, G. Lioliou, A. M. Barnett, “Soft X-ray detection and photon counting
spectroscopy with commercial 4H-SiC Schottky photodiodes”,  Nuclear Instruments and
Methods in Physics Research A 830 pp.1–5 (2016). doi: https:// doi.org/ 10.1016/ j.nima.
2016.05.053.

9. S. Zhao, G. Lioliou, A. M. Barnett, “X-ray spectrometer with a low-cost SiC photodiode”,
Nuclear  Instruments  and  Methods  in  Physics  Research  A 887 pp.138–143  (2018).
doi:https://doi.org/10.1016/j.nima.2018.01.054.

10. I.  Ahmad,  R. R. Betts,  T.  Happ, D. J.  Henderson, F.  L.  H. Wolfs,  A. H. Wuosmaa,
“Nuclear  spectroscopy  with  Si  PIN  diode  detectors  at  room  temperature”,  Nuclear
Instruments  and  Methods  in  Physics  Research  A 299 pp.201–204  (1990).
doi:https://doi.org/10.1016/0168-9002(90)90776-3.

11. S. C. Lee, H. B. Jeon, K. H. Kang, H. Park, “Study of silicon PIN diode responses to low
energy gamma-ray”,  Journal of the Korean Physical Society 69 pp.1587–1590 (2016).
doi:https://doi.org/10.3938/jkps.69.1587.

INAC 2019, Santos, SP, Brazil.

1212



12. L. Mondragón-Contreras, F. J. Ramírez-Jimenez, J. M. García-Hernandez, M. A. Torres-
Bribiesca, R. López-Callejas, E. F. Aguilera-Reyes, R.Peña-Eguiluz, H. López-Valdivia,
H.  Carrasco-Abrego,  “Application  of  PIN  photodiodes  on  the  detection  of  X-rays
generated  in  an  electron  accelerator”,  Nuclear  Instruments  and  Methods  in  Physics
Research A 609 pp.187–18 (2009). doi: https://doi.org/10.1016/j.nima.2009.08.044.

13. M. Jaksic´, Z. Medunic´, M. Bogovac, N. Skukan, “Radiation damage microstructures in
silicon  and  application  in  position  sensitive  charged  particle  detection”,  Nuclear
Instruments  and  Methods  in  Physics  Research  B 231 pp.502–506  (2005).  doi  :
https://doi.org/10.1016/j.nimb.2005.01.107.

14.  H.  Jafari,  S.  A.  H.  Feghhi,  S.  Boorboor,  “Evaluation  of  gamma dose effect  on PIN
photodiode using analytical model”,  Radiation Physics and Chemistry 144 pp.379–385
(2018). doi: http://dx.doi.org/10.1016/j.radphyschem.2017.09.026.

15. J. M. Fernández-Varea, V. Jahnke, N. L. Maidana, A. A. Malafronte, V. R. Vanin, “Cross
sections of K-shell ionization by electron impact, measured from threshold to 100 keV,
for  Au  and  Bi”,  Journal  of  Physics  B:  Atomic,  Molecular  and  Optical  Physics 47
pp.155201-9 (2014).

16.  A.  Damkjaer,  “The  response  of  a  silicon  surface  barrier  detector  to  monoenergetic
electrons  in  the  range  100-600  keV”,  Nuclear  Instruments  and  Methods  in  Physics
Research 200 pp.377 – 381 (1982). doi: https://doi.org/10.1016/0167-5087(82)90457-4.

17.  NIST  -  National  Institute  of  Standards  and  Technology,  Physical  Measurements
Laboratory.  ESTAR  -  stopping-power  and  range  tables  for  electrons,  Available  on:
https://physics.nist.gov/PhysRefData/Star/Text/ESTAR.html (14 April 2019).

INAC 2019, Santos, SP, Brazil.

1213

https://doi.org/10.1016/j.nima.2009.08.044

	COUNT RATE EFFECT ON THE RESPONSE OF A LOW-COST
	PIN DIODE FOR ELECTRON SPECTROMETRY
	ABSTRACT
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	4. CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

