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Abstract cannot generate anisotropic grids and no condition con-
cerning the quality of the grid, e.g., minimum angles or

The error of the numeric approximation of the semi- the Delaunay criterion, can be guaranteed. However, with
conductor device equations particularly depends on the oyr approach we can successfully carry out device simu-
grid used for the discretization. Since the most interest- |ations with the simulatomiNIMOS NT [3] using the grids
ing regions of the device are generally straightforward to generated.
identify, the method of choice is to use structurally aligned
grids. Here we present an algorithm for generating struc-
turally aligned grids including anisotropy and for produc-
ing grids whose resolution varies over several orders of
magnitude. Furthermore the areas with increased reso-
lution and the corresponding resolutions can be defined
in a flexible manner and criteria on grid quality can be
enforced.

The grid generation algorithm was applied to sam-
ple structures which highlight the features of this method.
Furthermore we generated grids for the simulation of a
high voltage trench gat&OSFET In order to resolve
the junction regions accurately, four regions were defined
where the grid was grown in several directions with vary-
ing resolutions. Finally device simulations performed by
MINIMOS NTshow current voltage characteristics and the
threshold voltage.

After the description of the grid generation algorithm,
it is applied to two examples. The first example is a sam-
ple structure which highlights the critical parts near the
corners. The second example stems from the simulation
of atrench gat&OSFET. Here several areas of refinement
were chosen and the grid was generated to take the spe-
cific structure of the device and location of the junctions
into account. This example emphasizes the applicability
of the algorithm to real world examples.

Trench gateMOSFETs (TMOSFETS) are useful for
power switching at high voltages [4-8]. They also pro-
vide advantages because of their geometric layout, i.e.,
because their inversion and accumulation channel regions
are perpendicular to the wafer surface. Hence they enable
to maximize the ratio of cell perimeter to area and thus
to increase packing density. The1OSFET considered
is a 120V trench gateumos transistor (cf. Figure 3).
After generating the structurally aligned grid, we present
simulated characteristics of thisMOSFET in the final
section.

1. Introduction

Generating structurally aligned grids is a crucial pre-
requisite for the accurate simulation of the electric behav-
ior of semiconductor devices. The quality of the numeric 2. The Grid Generation Method
approximation of the solution of the device equations by
the finite element or the finite volume method particularly ~ In this section we discuss the algorithm devised for
depends on the underlying mesh. In addition to aligning generating structurally aligned grids. The main idea is
the meshes with the structures, it is desirable to be able toto advance one or more fronts through the simulation do-

enforce quality criteria like the Delaunay criterion or the main using a level set algorithm [9-11] and constant speed
minimum angle criterion [1]. functions. For each moving front a certain number of

Here we present a new method to generate Structura”yboundaries are extracted. The number of these boundaries
aligned triangulations, including anisotropy if desired. and the spacing between them can be arbitrarily defined
The principal idea is to obtain a suitable, not connected and depends on the number of advancing level set steps
set of edges by advancing a front through the simulation @nd their time steps. Clearly the spacing between the in-
domain by a level set algorithm in the first step. In the sec- termediate boundaries obtained by the level set algorithm
ond Step these edges are used as the input fora Specia”ze\ﬂi” later determine the diameters of the tl’iangles of the
grid generator that enforces the quality criteria. Although final grid.

a technique based on the level set method has been used Since the boundary segments of the intermediate
for generating structurally aligned grids [2], that method boundaries obtained after surface extraction from the rect-
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Figure 1. This figure shows a sample structure with an-

gles of 270° and 90°. The set of edges was constructed

from three moving boundaries: going downwards from

the upper boundary and going upwards and downwards Figure 2. A vertex with an outer angle of 90° of the
from a boundary in the lower part. grid in Figure 1 is magnified.

angular grid may be arbitrarily small, the boundary seg- forward manner in contrast to the Poisson equation ap-

ments must be normalized. The segments are normalizedProach.

by choosing points on the boundary that are equidistant

when their distance is measured along the boundary. The3.  Grid Generation for Sample Structures

normalized intermediate boundaries consist of straight

lines which are the edges of the final grid to be respected  The grid in Figure 1 was generated by the above algo-

in the second part of the algorithm. This first part of the rithm. The sample structure contains vertices with outer

grid generation is highly customizable and anisotropy can angles of90° and270° at the boundary where the grid is

be introduced here by choosing the spacing between thefinest. Figure 2 shows a magpnification of these interest-

intermediate boundaries and the distance between pointéng parts. In the examples we used a constant propagation

of the normalized boundary accordingly. speed for the first eight steps, starting at the upper bound-
In the second part of the algorithm the set of edges con-ary, and twice this value for the next seven steps.

structed in the first part serve as input to the actual grid ~ Based on the edges constructed in the first step, the grid

generator. ThE@RIANGLE program [12] was used in this ~ generatomRIANGLE [12] was used to obtain a Delaunay

work because of its robustness. After reworking the edgestriangulation. We demanded that the final triangulation

into the appropriate input format and runningIANGLE, contains no angle smaller tha@°. In these examples
the output is translated inwF files [3]. the grid resolution varies over several orders of magnitude

The benefits of this algorithm can be summarized as @nd the critical areas near the corners are resolved without

follows. The grid resolution is customizable and the areas Problems.

of higher resolution can be chosen arbitrarily. The grid

resolution may vary over several orders of magnitude. The4. Simulation of a TMOSFET

algorithm can deal with arbitrary initial structures and an

arbitrary number of starting fronts defining areas of high ~ The device structure of the trench gateos transistor

resolution. Anisotropy may be introduced by choosing ap- IS shown in Figure 3 and its parameters in Table 1. Its

propriate parameters for the algorithm. At the same time trench depthi,m and its gate oxide thickness(isl um.

quality criteria like the Delaunay criterion and requiring It is designed to achieve a forward blocking voltage of

that all angles of the triangulation are larger than a certain 120V.

minimum angle are enforced. It is important to note that ) .

the algorithm works reliably, since it is based on edges in 4-1.  Grid Generation

contrast to just prescribing sets of points and hence direc-  For the grid generation we used four boundaries fol-

tional information is preserved. lowing the three junctions (cf. Figure 3) and one in the
Compared to grid generation algorithms using iso-lines p-region near the gate oxide. First, at th&—p junc-

or iso-surfaces of solutions of the Poisson equation, thetion we used three boundaries in each direction of the

advantage of this algorithm is its flexibility. This is impor- initial boundary following the junction with a distance of

tant, e.g., near the buried layerssfI devices. The ini-  0.02um between any two adjacent boundaries.

tial boundaries where the advancing fronts start, the pre- At the p—n junction we used one boundary above and

scribed number of intermediate boundaries and their spac-below the initial boundary and a distanceof2um. At

ing determine the properties of the final grid in a straight- then—n™ junction in the lower part of the device we con-
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Table 1. The technological and geometrical parameters
considered of the device.
Parameter Value
n drift doping 1.5-10%cm ™3
p well doping 1-10'7em=3
p well ~ 1.4pum
p* buffer 5-10%cm 3
n™ source depth ~ 0.38um
Gate oxide thickness 0.1pum
Trench depth 3pum
n drift length ~ 9.5um
Source Gate
Sio2
P+ Ve _na_ __ _]
P
Trench Gate UMOS Transistor

Figure 4. The grid generated for the device in Figure 3.
Two enlargements are shown on the right hand side.

n—drift

Drain

Figure 3. Structure of the TMOSFET. The half cell pitch
of the device is 2.5um and its n drift length is about
9.5um.

structed two boundaries with a distance0df;m going
downwards from the initial boundary following the junc-
tion. For the last prescribed edges we started at the right
hand side of the-region and moved to the left construct-
ing three boundaries at a distance)dfo5ym.

In the second step we used thRIANGLE program re-
quiring a minimum angle o5° with these prescribed
edges as input. The grid produced and two enlargements
thereof are shown in Figure 4. The junction areas are re-
solved very finely as demanded.

Figure 5. Enlargement of the grid shown in Figure 4.

V4 = 0.1V and0.5V. From this figure a threshold voltage

) . ) Vr of 2.5V is obtained. It is important to note that the

4.2.  Device Simulation threshold voltage is independent of the drain voltage.
The device simulations were performed usmg! -

MOs NT [3]. Figure 6 shows typical on-state character- 5. Conclusion

istics of the high voltagge MOSFET. The I-V curves of

the figure show that good saturation currents behavior is  One of the main advantages of this method is the flex-

obtained by increasing the drain voltage. Transfer char-ibility it provides. The resolution and anisotropy of the

acteristics are shown in Figure 7 for drain voltages of grid is customizable and the diameter of the triangles may

459



F 5x10°
6><10'5:' xei ?3 [ o —-oV,=01V
 m--mVg= =
Vo =10V R 4 o * V=05V i
| > —o G~ /’/ 4x10°F ///
-5 _ i _
5x10° " i -~
— /// [ ‘./
E - —~ 5
= 4X10_5 ~ P /' ______ [ EEEEEEEEERE ] g_ 3)(10.5 | /
< PR Soa] ,
§ S //¢."’ % ,/
(-5) 3x10 » = % 2)(10-6 5 /
/
/‘." O /
W ‘
/
-6
1x10 |- I
) o0 -0-—"~""7 -¢
[ I g0 °
§oA
P - [ B [
5 10 15 20 M:‘réé]_o
Drain Voltage (V)

Gate Voltage (V)

Figure 6. This plot shows the on-state characteristics of

s Figure 7. This figure shows the transfer characteristics
the vertical TMOSFET for gate voltages of 5V, 7V, and

of the high voltage TMOSFET for drain voltages of 0.1V

10V. and 0.5V.
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