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Abstract

Noise of a-Si:H p-i-n diodes (5 ~ 50 pm thick)
under reverse bias was investigated. The current
dependent 1/f type noise was found to be the main
noise component at high bias. At low bias the
thermal noise from a series resistance of the p-layer
and of the metallic contacts is the dominant noise
source which is unrelated to the reverse current
through the diode. The noise associated with the p-
layer resistance decreased significantly on annealing
under reverse bias, reducing the total zero bias noise
by a factor of 2 approximately. The noise recovered
to the original value on subsequent annealing without
bias. In addition to the resistive noise there seems to
be a shaping time independent noise component at
zero biased diodes.

1. INTRODUCTION

Hydrogenated amorphous silicon(a-Si:H) has
been suggested for use in radiation detectors[1,2] for
particle physics and medical imaging applications.
For direct detection of ionizing radiation such as
multicharged or minimum ionizing particles, an a-
Si:H p-i-n diode with a thick i-layer can be used. A
thin photodiode coupled with a scintillating layer[3]
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can be used to detect X-rays efficiently. In both cases
the p-i-n diodes are operated under a reverse bias and
generate noise which is added to the noise of the
front-end amplifier and thus further limits the
sensitivity and spatial resolution of the position
sensitive detector system.

In this paper, we have studied the characteristics
of various noise components in reverse biased a-Si:H
pin diodes with 5 ~ 50 um thick i-layers. A simple
formulation of these noise components in the case of
a simple CR-RC pulse shaper was made and used to
fit the measured noise data.

. MATERIALS AND METHODS
A. Sample Diodes

The n(~ 50 nm)/i(5 ~ 50 um)/p(~ 50 nm) layers
of a-Si:H were deposited in sequence by
conventional PECVD methods on a glass substrate
coated by a thin (~ 50 nm) Cr layer for the bottom
electrode. The top electrode was made of an
evaporated Cr or Pd layer and then etched to form a
circular contact with 2 ~ 3 mm radius. To reduce the
surface leakage current through the top p-layer we
also etched the p-layer around the top contact. This
reduced the reverse current by a factor of 10 ~ 100.
Finally a highly conductive silver epoxy was used to
connect the bottom and top contacts to the external
circuitry respectively. The thickness of the i-layer
was determined by capacitance measurement.



B. Detector Noise Measurement

Conventional radiation detector electronics was
used to study the noise of reverse biased diodes as
shown in Fig. 1. The detector signal is integrated by
an AC coupled charge-sensitive preamplifier and is
shaped into a voltage pulse form by a following
shaping amplifier and is analyzed by a pulse height

spectrum analyzer. -
Detector bias Test pulse
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Fig. 1. Schematic diagram of standard nuclear electronics used
for a-Si:H p-i-n diode noise measurement.

In the absence of a radiation signal, the total
electronic noise of the detector and amplifier system
is measured by a broadening of the output pulse
height of the shaping amplifier for a given test charge
input. The background amplifier noise is separately
measured by replacing the diode with an equivalent
capacitor. Then the noise contribution of the detector
is determined by subtracting the background
amplifier noise from the total noise of the system.

C. Measurement of Noise Power Spectra

When thick (20 ~ 50 pm) a-Si:H p-i-n diodes are
used as radiation detectors for ionizing radiation such
as charged particles, they are usually operated at high
biases to deplete the i-layer fully in order to obtain
complete charge collection. In such cases, the reverse
current is often large and its noise contribution is the
main limiting factor of the detector sensitivity. The
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current related noise components We_re studied in the
frequency domain using the setup[4] shown in Fig.
2. Noise is picked up by an ac coupled low noise
charge-sensitive amplifier, and amplified by a wide-
band amplifier; then it is sampled by a digital
oscilloscope through Butterworth filters. Finally its
frequency spectrum is calculated using a fast Fourier
transform.

Detector bias Personal [Fast

computer | Fourier
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e— diode ampli fier filter ) scope

Fig. 2. Schematic of noise power spectrum measurement setup.
D. Measurement of Contact Resistance

The contact resistance of a p-i-n diode in series
with its capacitive component was measured by a
pulse attenuation technique as shown in Fig. 3. The
output pulse height is related to the series contact

resistance R, by the following expression

R
Vo o< —_—2
®  Rc+R; +Ry )

By varying R; we can determine R..

Vi
) a-Si:H pin diode
Step input .
R2 '
(50Q) Pulse output -

Fig. 3. Measurement setup for diode contact resistance using a
fast rising voltage step.
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D. Reverse Bias Annealing

The resistivity of doped layers of a-Si:H has been
reported to decrease after reverse bias annealing{5].
In order to identify the contribution of the p-layer
resistance, we annealed sample diodes at 180 °C for
2 hrs under reverse bias of ~ 10 volts/um. Then the
diodes were reannealed at the same condition without
applying any bias. Before and after each annealing
step, the noise of sample diodes was measured at
zero bias.

III. RESULTS AND DISCUSSION
A. Equivalent Noise Charge of p-i-n Diode

Fig. 4. shows the measured I-V and noise data of
a 26 um thick a-Si:H p-i-n detector diode(Sample
#A). The measured equivalent noise charge(ENC) of
the detector diode is fitted well by the sum of three
noise components of the following equation;

N2 = K11+ K212 + K3 )
where N is the rms value of noise in unit of electrons
and I is the reverse current. The terms in the right
hand side of the equation are (a) the shot noise
component, (b) current dependent 1/f noise and (c)
bias independent or constant noise. K, K> and K3
are fitting parameters.

From the above analysis the equivalent circuit of
a p-i-n diode for noise calculation is drawn in Fig. 5.
where the current dependent noise components are
represented as current noise sources and the current
independent noise component is represented as a
voltage noise source.
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Fig. 4. Reverse current and noise of 2 26 um thick a-Si:H p-i-n
diode(Sample #A). The solid line is the calculated sum of three
noise components. Shaping time used is 2.5 psec.
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Fig. 5. Cross-sectional diagram of an a-Si:H p-i-n diode and its
equivalent circuit for noise modelling. Noise sources are; (A)
shot noise, (B) 1/f noise and (C) constant noise.

B. Shot Noise and Flicker Noise

Fig. 6 shows the frequency spectra of the
equivalent noise current power from the sample
diode #A at biases of 0, 200, 400 Volts. At low
frequency, 1/f type noise is dominant; at high
frequency shot noise, is found to be dominant. As
the applied bias increases up to 700 V with a
corresponding increase in the reverse current, the 1/f
type noise domain increases up to ~ 500 kHz.
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Fig. 6. Measured power spectra of the input equivalent noise
current of reverse biased a-si:H p-i-n diode.

The measured noise power of the shot noise
component increases almost linearly with the reverse
current which is consistent with the general theory of
shot noise in any electronic device. The noise power
of shot noise[6] in the frequency domain is

o) = 241 Af ?3)
where q is the electron charge. The rms value of the
equivalent noise charge for a simple CR-RC shaping

amplifier is estimated from the following equation[7];

shot = (g_)2 j fsho m (‘F)ZX 2 QIX:;- 4

where e is the base of natural logarithm, T is the
shaping time of the CR-RC shaping amplifier, and

IGl is the transfer function of a simple CR-RC filter

given by
G2 = (01 | ©)
(1+ @2

where o = 2xf.
Flicker or 1/f type noise in a-Si:H has been
studied for various device configurations[8,9]. Its
_origin is believed to be the fluctuation of the charge
carrier density due to trapping and detrapping by
distributed trapping centers in the band gap[10]. The
magnitude of the measured 1/f noise component is

proportional to the square of the reverse current[9]
with a relationship;
%/f) = KfXI% Af . - (6)

By applying the same equation used for the shot
noise calculation the equivalent noise charge due to
1/f noise becomes '

N"{,f=(§)zj i‘—ﬂ}- ':Izdf= (ﬂ)zxxflzx612 )

where we took the lower limit of frequency in the
integration to be 100 Hz instead of zero to avoid
divergence problems. This approximation has a
physical meaning in that the lower boundary energy
of deep trapping of free electrons in the intrinsic a-
Si:H lies ~ 0.6 eV below the conduction band
mobility edge. The dimensionless proportionality
constant K¢ measured from diodes with different
thickness is plotted in Fig. 7. and it decreases as the
thickness of the i-layer increases[9].
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Fig. 7. ’ﬁxiclmess dependence of 1/f noise coéfficient.
C. Bias Independent Noise

The constant frequency noise component, K3 in
the equation (2), is not related to the reverse current
of the diode but originates from the material and
structure of the a-Si:H p-i-n diode. The most
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plausible origin is the resistance of the p- and n-
layers and of the metallic contacts[11] on them.
These resistive components are in series with each
other and also in series with the equivalent
capacitance of the detector diode. The p- and n-layers
are considered as a conductive or resistive
component rather than a dielectric component
because the charge carriers in doped a-Si:H layers
can freely respond to a potential variation across the
diode in a frequency range determined by the shaping
time of interest (0.5 ~ 5 psec). Hence the equivalent
capacitance consists of the thick i-layer only. The
measured contact resistance of the sample diode
using the pulse technique was ~ 150 Q.
Any resistive component generates thermal noise,
Nyquist noise, and its noise power is
(v3) = 4kTR Af (8)
where k is the Boltzmann constant and T is the
temperature. For the CR-RC shaping amplifier, the
equivalent noise charge due to a contact resistance R
in series with the detector capacitor C is

e ] e om0

The current independent noise component, K3,
was measured at zero bias as a function of shaping
time and then it was compared with thermal noise,
Ng, of true resistors connected in series with a
substitute equivalent capacitor instead of the detector

in the noise measurement setup. The results are

shown in Fig. 8. The slope of the noise data of a-
Si:H p-i-n diode in log(ENC) vs log(t) plot is
smaller than that of the Nyquist noise from resistors.
This implies that the bias-independent noise is not
purely resistive but can be considered as a sum of a
resistive thermal noise component and a shaping time
independent noise component. In the frequency
spectrum, the latter could be a 1/f type voltage noise
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source in series with the detector capacitance
although its origin is not clearly understood.
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Fig. 8. Zero bias noise of a 26 pum a-Si:H p-i-n diode(Sample
#A) vs shaping time compared with measured noise from
capacitor resistor combination

Fig. 9 shows the effect of bias annealing on the
contact resistance of a 9 um thick p-i-n diode
(Sample #B). After reverse bias annealing, the zero
bias noise drops by a factor of 2 which means that
the contact series resistance dropped by a factor of
v2. Successive annealing of the same sample without
bias restored the noise to the original value. This
result indicates that the main source of series contact
resistance is due to the finite resistivity of the p-layer
whose conductivity has been shown to be affected by
reverse bias annealing[5].
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Fig. 9. Measured noise in 2 9 pm thick a-Si:H p-i-n
diode(Sample #B). Zero bias noise drops by a factor of 2 before
and after reverse bias annealing at 150 °C and 20 V.



IV. CONCLUSION

Noise of a-Si:H pin detector diodes under reverse
bias was measured and analyzed into three
components; shot noise, 1/f noise and bias
independent thermal noise. At high bias with large
reverse current or at large shaping time 1/f noise
becomes dominant. At low bias or at small shaping
time(< 1us) the bias independent thermal noise from
series resistance is important. Reverse bias annealing
effect on the zero bias noise confirms that the main
series resistance is due to the resistance of the p-
layer. |
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