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Abstract

Low Gain Avalanche Detectors or LGADs are a type of silicon based sensors
designed to achieve precise time measurements while maintaining relatively low internal
signal gain. They are modified PIN diodes with an additional gain layer that provides
controlled avalanche multiplication. This paper presents a TCAD Sentaurus study of Low
Gain Avalanche Detectors or LGADs and aims to understand the device geometry as well as
the different parameters that affect electric field distribution and breakdown characteristics.
Starting from the simulation of a simplified LGAD structure consisting of n++ layer, p+ gain
layer, p- substrate as well as the p++ layer, which were built using the sde tool provided in
TCAD Sentaurus. Analytical doping profiles are used to sweep the p+ gain layer
concentration while observing the IV characteristics, breakdown voltage, and electric field
distribution in svisual. Through these simulations, a gain layer concentration of around
5.3el7 was observed to provide a high field multiplication region while also maintaining a
controlled breakdown. The structure is then extended to also include junction termination
extension or JTE, guard rings and p stop implants. The effects of JTE width and JTE to P stop
spacing were also evaluated. The results of this paper demonstrates how appropriate edge
termination design can prevent premature breakdown as well as the choice of gain layer
doping in order to optimize LGAD sensors for precise timing applications.
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1. Introduction

1-1. Background

Low Gain Avalanche Detectors are a type of silicon based sensors which are
designed to achieve precise time measurements while also maintaining relatively low
internal signal gain. LGADs are modified PIN diodes with an additional gain layer
that provides controlled avalanche multiplication. There are 4 main components of an
LGAD sensor, (1) n++ Cathode Layer, this is the charge collecting electrode which is
highly doped to ensure low contact resistance, (2) p+ Gain Layer, this is a shallow
highly doped p-type layer which generates an intense electric field leading to
avalanche multiplication of charge carriers. (3) p- Substrate, this is the layer where
charge carriers drift towards the electrode and the thickness of this layer affects time
resolution. (4) p++ Anode Layer, this is a highly doped p-type layer that serves as the
biasing contact for the sensor.

LGAD sensors operate based on the principle of avalanche charge
multiplication which occurs in the gain layer. When a charged particle passes through
the LGAD sensor, it ionizes the silicon atoms and creates electron-hole pairs. By
applying reverse bias voltage, this creates a strong E-field across the p-substrate and
causes electrons to move towards the n++ Cathode and holes towards the p+ gain
layer. As the holes enter the gain layer, they experience a very high E-field. This
accelerates the holes and causes them to collide with silicon atoms and thus creating
more electron-hole pairs. This is also known as the avalanche effect. This results in an
amplified signal which makes it easier to detect.

1-2. Purpose

This paper will discuss the simulation process of Low Gain Avalanche Diodes
using TCAD Sentaurus SDE, svisual, and sdevice. It will discuss the structure design
and creation of LGADs as well as simulation results for different doping
concentrations, JTE widths, and JTE to P stop distances. Through analyzing the
electric field distribution as well as the current density distribution, we can confirm
that our device simulation is correct and its feasibility in practice.

2. Method

The method of simulation for LGAD is done in TCAD Sentaurus. The SDE
tool was used to create the structure and allowed for wider specification of the device
including its materials, doping concentrations, size, etc. Following the structure of
LGAD, the materials for each layer can be specified as well as its width and height.
Figure 1 is the SDE structure, mesh and doping concentration of LGAD made without
JTE, Guard Ring and P stop.

One important part of creating the structure of the LGAD in the sde tool is
mesh. Mesh is a crucial part of the simulation as it has a big effect on the result. A
mesh that is too thin will cause the graphs to be rough and inaccurate whereas a mesh



that is too complex will prevent the simulation from processing. In order to create the
mesh that is thick in necessary areas and thin in others, the Ref/Eval Window tool in
SDE is used to separate different regions of the LGAD in order to make the mesh
more specified for each region. This allows for a more specified mesh for each region
based on how important it is. The regions where thick mesh is required is in the
junctions as well as the active area of the LGAD. If mesh is done properly for these
regions, doping concentration, E- field distribution will be more smooth and accurate.
Therefore , when creating the mesh for the LGAD design, these two areas were given
a thicker mesh as can be seen in the Figure below.

LGAD without JTE Guard Ring and P stop
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Figure 1. Structure and Mesh created for LGAD

The sdevice tool is used for the processes for the device, data received from
the sde structure made will be received by sdevice where it will start simulating the
process within the device. By creating variables, we can easily change different
parameters for each simulation. In order to analyze and view our simulations, we use
the svisual tool in TCAD Sentaurus. Using svisual, we can plot the IV Curves as well
as view the structure of the LGAD, including its electric field distribution, current
density distribution, doping concentration distribution, etc.

. Results

Through the simulation of different gain layer doping, the gain layer doping
concentration of 5.3el17 was chosen for further simulations. Fig 2. Shows the IV
Curve simulation using different values of gain layer doping.
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Fig 2. IV Curve with different gain layer doping

JTE Width is one of the parameters that can change the breakdown voltage. So
different JTE widths were used and compared in simulations. Figure 3 shows the IV
Curves at different JTE widths 5 um, 10 um, 20 um, 30 um 40 um. As we can see
from the graph, it breaks down significantly earlier when JTE width is at 5 um.
Therefore, JTE width of 10um was used in the final design.
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Fig 3. IV Curve for LGAD with different JTE Widths



Fig 4. Current Density distribution for different JTE Widths

Figure 4 above shows the different current density distributions of the device
at different JTE widths. We can observe that there is highest current density in the
active region of the device, this confirms that breakdown occurs in the active area and
the device works correctly.

Similar to JTE width, the JTE to P stop distance is also one of the parameters
that can affect the breakdown voltage. Simulations of different JTE to P stop distances
of 10 to 40 um were done. Figure 5 below shows and compares the IV Curve at
different distances, as the distance of JTE and P stop decreases, it leads to an earlier
breakdown. Therefore, distances of 20um or above should be used to prevent early
breakdowns.
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4. Conclusion

TCAD sentaurus provides us with the ability to simulate devices before
bringing them into the real world, it gives us insight to the design process and what
results we can expect from it.Through our simulations, we can determine the best
values for different parameters in order to prevent premature breakdown. The
simulation of the LGAD confirms the feasibility of its use in future applications.
Through the simulation, the most effective doping concentration for the gain layer
was found to be 5.3e17. And through the simulation of two parameters, the JTE width
and the JTE to P stop distance, it showed that JTE width should be designed to be 10
um and more, and the distance from JTE to P stop should be at least 20 um.

Due to its great timing resolution, LGAD sensors have many application
prospects for the future. They can be expected to play a crucial role in next generation
particle detectors as well as medical imaging technologies.
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