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Abstract - In this paper presented an investigation on I-V characteristic for CMOS PIN Photodiode. PIN diodes are
widely used in optics and microwave circuits as it acts as a current controlled resistor at these frequencies. PIN diode
performance is greatly influenced by the geometrical size of the device, especially in the intrinsic region. Two different
I-layer thickness of PIN diode structure has been designed using Sentaurus Technology Computer Aided Design
(TCAD) tools. The I-layer thickness (or width) is varied from 4 pm to 8 um in order to investigate its effects on the

current-voltage (I-V) characteristics. These structures were design based on CMOS process.
Keyword - PIN Photodiode, Silvaco TCAD, IV Characteristic, Reverse Bias

1. Introduction

Nowadays a lot of microwave and optical devices have
been design by academician, scientist and engineers. One
of two terminal devices that get intention is PIN diode.
PIN diodes name attribute to overall their structure where
P is P type layer, | intrinsic layer and N is N type layer.
The intrinsic layer is interesting layer since this layer
makes the PIN diodes application comes to be as
attenuators, RF switches and photodiode. Hence, PIN
diodes are used extremely in RF and microwave
applications due to ability to control the magnitude and
phase of the signals [1],[2]. In addition, the ability to
control RF and microwave signals while using a smaller
level of dc excitation makes the PIN diode suitable for
attenuating, limiting, phase shifting, modulating and
microwave switching.

The I-layer or intrinsic layer is the one that gives a
changes in-term of properties comparing with PN diode.
The intrinsic layer comprises of undoped or virtually
undoped semiconductor and in most PIN diodes and very
thin between 1 pm up to 200 um. PIN photodiode is a
special case of the PN junction photodiode, in which a
large intrinsic or lightly doped N semiconductor area is
inserted in between the P and N region as shown in Figure
1 below.
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Figure 1: PIN photodiode structure.

It is a well-known fact that in any PN diode, the
depletion region extends more into the lightly-dope N
region than into the heavily doped P region. This is
because, in the heavily doped region, the number of free
charge carriers available for conduction is quite large
compared to that in the lightly doped region [3]. In a
normal operation a reverse-bias voltage is applied across
the device so that no free electrons or holes exist in the
intrinsic region.

Electrons in semiconductor materials are allowed to
reside in only two specific energy bands. The two allowed
band are separated by a forbidden region called energy gap.
The energy difference between the top and bottom bands is
referred to as the band gap energy [4].
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Figure 2 (a) PIN photodiode operated in reverse bias, hv
is the energy of radiation, V is the bias, and RL is the local
load resistance (b) IV characteristics for a pin photodiode
(1) with no light (2) with light.

In a generic photodiode, light enters the devise through
a thin layer whose absorption typically causes the light
intensity to exponentially drop with penetration depth. For
enhanced performance it is often necessary for the device
to have a shallow junction followed by a wide depletion
region where most of the photon absorption and electrons
holes generation should take place.

The magnitude of the generated current is proportional
to the intensity of the incident light. It can be used as a
photon detector by operating it in the third quadrant of its
electrical current voltage (I-V) characteristics.

PIN photodiode is usually functioning by applying a
reverse-bias voltage. The magnitude of the reverse-bias
voltage depends on the photodiode purpose, but naturally
is less than a few volts. While no light is incident on the
photodiode, a current is still produce [5].The objectives of
this paper are to study the theory behind PIN photodiode,
to design and analyze PIN-Photodiode and to determine
characteristic of PIN-Photodiode.

2. Design and Simulation

The simulations were performed using Silvaco ATLAS.
Silvaco ATLAS is a TCAD product which is physics based
on modeling system. This allows TCAD to predict
device performance based upon equations which describe
the physics within the structure of the device [6].

The structure under consideration of lightly doped with
5.e16 for N-epi doping, 1e20 for N+ doping, 1e20 for P+
doping, sandwiched with I+ doping with concentration
1le21. The incident light absorbed in neutral P+ region and
neutral N+ region as well as in the depleted N- region.

All the calculations presented in this work have been
obtained with ATLAS software of SILVACO unless stated

otherwise. The intrinsic region size had been varied with 2
different sizes which is 4um and 8um in width.

ATLAS enables device technology engineers to simulate
the electrical, optical, and thermal behavior of
semiconductor devices. Different models such as conmob,
fldmob, srh, auger and bgn are used for effective
implementation of changes occurring related to radiation

damage [7].

3. Results and Discussion

Intrinsic region width of the device was varied and the
effect on device characteristics was analyzed. Figure 3 and
figure 4 shows the differences size of intrinsic region.
Electrons are also produces photon absorption in the p (n)
regions, but the component of photocurrent due to these
effects tends to distort the photo detector response.

This is because the minority carriers in the p and n
regions diffuse slowly into the depletion region, resulting
in a delayed response compared with the dominant,
depletion region drift response. By increasing the width of
depletion region, which is intrinsic region can solves these
problems. Thereby, it will cause larger fraction of the
light/beam to fall on the depletion region [6].

As shown in the figure, the intrinsic width for both
structures had been increased to 0.4um. By capturing most
of the light in the depletion region (intrinsic layer), it will
effect to improve the responsivity of the device. To fully
benefit from the intrinsic layer or depletion region, the
PIN Photodiode normally requires an applied reverse bias
that ensures a depletion region extension all the way
through this layer.

Figure 5, 6 and 7 shows the simulated |-V characteristic
of Silicon PIN Photodiode for the structure that had been
created. The simulated results of p+, i+, n+ photo detector
are obtained by developing a program in DECKBUILD
window, interfaced with ATLAS, simulation software of
SILVACO and TonyPlot.

In a generic photodiode, light enters the device through
a thin layer. For figure 5, it show the difference of IV
characteristic when supply light and without supply light
for 2.4um x 8um. The IV characteristic of a photodiode
with no incident light is similar to a rectifying diode.
When the photodiode is forward biased, there is an
exponential increase in the current.
is applied, a small reverse saturation current appears. The
light has the effect of shifting the IV Characteristics down
into the fourth quadrant where power can be extracted
from the photodiode.

When a reverse bias



Figure 6 show the difference of IV characteristic when
supply light and without supply light for 2um x 8um.
Basically, it use the same theory with the result show in
figure 5, the difference is the size of depletion use based
on the structure. For IV Characteristic in figure 5, it uses
huge depletion size compared to IV Characteristics in
figure 6. That is why the effect of shifting of IV
Characteristics from the photodiode is smaller compared
to IV Characteristic in figure 5 due to difference structure
used.

Based on figure 7, it shows the voltage breakdown for
2pum x 8um and 2.4pum x 8um. There is a difference for the
voltage breakdown between each structure. Voltage
breakdown for intrinsic for 2.4pm x 8um is faster
compared to Voltage breakdown for intrinsic for 2um x
8um. This is due to the depletion region in the structure
since the size of intrinsic is not the same.

Based on graph in figure 5 and figure 6, the shape of
graph had a little bit difference in their variance. This is
due to the size of the mesh that had been varied since the
size of intrinsic layer had been changed. Thus, the mesh
for Intrinsic with 2um x 8um becomes closer and that is
why variance appeared.

Figure 3: Intrinsic with 2um x 8um

Figure 4: Intrinsic with 2.4pm x 8um
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Figure 5: Intrinsic with 2.4pm x 8um
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Figure 6: Intrinsic with 2um x 8um
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Figure 7: Voltage Breakdown for 2um x 8um and
2.4pm x 8um
4. Conclusion
In this study, in order to observe the width of intrinsic
IV Characteristics
performance, the two-dimensional silicon PIN photodiode

or depletion region effect on the

with varying width has been simulated
SILVACO TCAD tools.

shows that there is a difference occurs during voltage

using the
Through the simulations, it

breakdown for difference intrinsic size. PIN Photodiode
give effect when light supplied to the photodiode by
shifting the IV Characteristics down. In general, PIN
photodiode need small voltage supply to have a better 1-V
performance (voltage breakdown).
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