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1. Introduction

Noise is becoming more serious as device size approaches
its limit to improve its high-frequency performance.
Among them, the 1/f - and the thermal-noise have
been intensively studied experimentally and theoreti-
cally. Another type of noise, namely the shot noise,
is also expected to become unnegligible. Origin of the
shot noise is current fluctuation due to potential barrier.
Advanced technologies such as pocket implantation at
contact and enhanced dopant fluctuation caused by ion
implantation, impose high possibility of inducing barri-
ers. Nevertheless, very few works[1] have been done so
far to investigate shot noise. In this paper, we investigate
experimentally the noise originating from a lateral p-i-n
diode, where the shot noise is expected to be measurable
due to the presence of a potential barrier. We show that
shot noise is responsible for noise enhancement in the
high-frequency region with low applied biases.

2. Noise Measurement and Analysis

We fabricated p-i-n diode with p+ and n+ impurity con-
centration of 1020cm−3. The substrate is a p-type Si
with 1015cm−3 impurity concentration. The cross sec-
tion of the device is shown in Fig. 1. Fig. 2 shows
measured I-V characteristics of the device. The mea-
surement is reproduced by performing simulation anal-
ysis of the same device structure in the 2D-device sim-
ulator MEDICI [2]. The solid line shows the simulation
result considering diffusion and drift contributions. To
reproduce the measurement recombination contribution
(dashed curve) was required. It is seen that, recombina-
tion current dominates at lower bias. Thus fluctuation of
the recombination current is observed as the shot noise.
The initial hump in the measured I-V is attributed to
some kind of defect introducing leak currents.

The measured current noise power spectrum density
Si as a function of frequency for forward-biased (Vpn)
p-i-n diode is shown in Fig. 3. At low frequency the
well-known 1/f characteristics is observed. At higher
frequency, Si reduces to constant at higher Vpn values,
while it becomes larger at about 10KHz for lower Vpn
values.

Following the shot noise expression[3]
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where g0 is the conductance and τ is the life time of car-
riers, we successfully reproduce the current noise power
spectrum density as shown in Fig. 4. For the calcula-
tion g0 was taken neglecting the leak current observed
as the initial hump. The carrier life time was taken from
a literature to be 2.7 × 10−5s. From the good agree-
ment of the calculated Si with Eq. (1), we conclude that

measured non-1/f noise is attributed to the shot noise.
The frequency where noise starts to increase at about
f = 10kHz is determined by the carrier life time τ . Si
at 100Hz and 100kHz as a function of applied bias are
compared in Fig. 5a. For all measured conditions, cal-
culation results agree well with measurements. Fig. 5b
shows the recombination current used for the calculation
together with the simulated barrier height at the p-i-n
junction with MEDICI. From Fig. 5b, it is seen that the
recombination current diminishes rapidly as Vpn reaches
to the built-in potentials and diminishes the potential
barrier.

It is expected that shot noise would be no more ob-
servable if the potential barrier disappears. Fig. 6 shows
exactly the case in the measurement. The shot noise in-
creases according to the bias increase. However, beyond
Vpn=0.8V, the noise reduces to the conventional feature
without the shot noise.

3. Discussion and Conclusion

We have investigated shot noise arising from a p-i-n junc-
tion for the purpose of understanding the shot noise fea-
ture. It is very much dependent on the carrier transport
mechanism to surmount the potential barrier, which can
be characterized by the carrier life time.

Simulated potential distribution of a MOSFET with
the pocket implantation is shown in Fig. 7a. Significant
potential barriers are induced due to the high impurity
concentration of the pocket. The barrier height reaches
even 0.2V at 20nm down from the surface. At the source
side enough carrier exists even at the 20nm depth as
shown in Fig. 7b, and thus the shot noise is expected to
be measured.
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Figure 1: Structure of fabricated p-i-n diode.

Figure 2: Measured I-V characteristics in comparison with
MEDICI simulations. The current is composed of diffusion
+ drift and recombination components.

Figure 3: Measured noise power densities for different ap-
plied biases. Noise increases under higher frequency under
lower applied bias.

Figure 4: Calculated noise densities with shot noise included
as a function of applied bias in comparison with measured
values.

Figure 5: (a) Comparison of calculated noise power density
as a function of applied bias for 100Hz and 100kHz. (b) Cal-
culated recombination current and potential barrier height in
the p-i-n device.

Figure 6: Noise power density as a function of frequency for
different applied biases. Show noise increases according the
bias increase. At biases greater than 0.8V, shot noise is no
longer observable.

Figure 7: (a) Potential curves in a MOSFET for differ-
ent applied biases. The potentials at the surface and at
20nm below the surface are plotted. (b) Carrier con-
centration at the source junction in the depth direction
depicted by the arrow. Carriers are present down to
20nm in the substrate.
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