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Comparing the Performance of PIN and Avalanche Photodiodes
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Abstract

Scintillation detectors are widely used for measuring radiation. A
scintillation detector is composed of a photodetector and a scintillator
that emits photons when it absorbs ionizing radiation. A PIN photodi-
ode is a kind of photodetector which has been used conventionally. An
avalanche photodiode (APD) is another kind of photodetector that has
come into use recently. Since the APD can amplify the photocurrent by
applying a high reverse voltage, output signals from the APD are less
likely to be affected by background noise than those from the PIN pho-
todiode. We have evaluated the performance of scintillation detectors
with either an APD or PIN photodiode based on energy resolution, lin-
earity, and long-term stability. We found that the energy resolution of
the APD is about twice as good as that of the PIN photodiode, and that
the linearity of both detectors is equally good. The instability of the
PIN photodiode was less than 2% after 7 hours, which was a factor of
three smaller than that of the APD. We believe that the APD instability
is due to temperature variation. In conclusion, scintillation detectors
with an APD are useful for high-resolution spectroscopy of ionizing
radiation if their temperature is properly controlled.

Key words: y ray measurements, Scintillator, Photodiode, Resolution,
Linearity, Long-term stability
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Fig.1. (A) Typical output waveform from a photodiode as measured with an oscilloscope. (B) Typical spectrum of pulse height from a photodiode as measured
with a multichannel analyzer (MCA).
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Fig.2. Output pulse height from APD and PIN photodiodes measured by an
oscilloscope as a function of applied bias voltage.
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Fig.3. Noise level of APD and PIN photodiodes measured by an oscillo-
scope as a function of applied bias voltage.
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Fig.4. Energy resolution of a scintillation detector with APD for 1275 keV
y rays from ?*Na as a function of applied bias voltage. The horizontal arrow
shows the energy resolution of a scintillation detector with a PIN photodi-
ode.
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Fig.5. Photopeak positions for y rays from various standard sources in the pulse-height spectrum obtained by an APD (A) and a PIN photodiode (B). The
dependence of the energy of y rays on the output center value of the APD are measured by a MCA.
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Table 1. Energies of major y rays emitted by ®°Co, '*’Cs and '**Ba.

Co: 1173.2 keV, 1332.5 keV
1Cs: 661.7 keV
133Ba: 356.0 keV
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Fig.6. Relative change of photopeak position in the pulse-height spectrum
as a function of time.
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