Simulations of a new CMOS compatible method to enhance the
breakdown voltage of highly-doped shallow PN junctions.

A. Pauchard, P.A. Besse and R.S. Popovic

Swiss Federal Institute of Technology, EPFL - IMS, CH-1015 Lausanne, Switzerland.
Phone: +41-21- 693 6614; Fax: +41-21- 693 6670; e-mail: Alexandre Pauchard@epfl.ch

ABSTRACT

Avalanche breakdown often limits the working range of pla-
nar junction diodes in electronic circuits and in sensors. We
present two-dimensional device simulation results (using
MEDICT) of a novel CMOS compatible structure, It combi-
nes a floating field limiting ring and a metal field plate in
order to enhance the breakdown voltage V,, of highly-doped
shallow planar junctions. Electrical simulations have shown
that a single field limiting ring is effective in increasing Vi,
only if placed at a distance d smaller than 300nm. For
d=100nm, breakdown even occurs over the plane diode. At
distance d=400nm, the field ring can enhance the
breakdown voltage only if combined with a metal field
plate. V,, increases linearly with negative applied gate vol-
tage, with a proportionality factor of about 0.1. For a gate
voltage of -10V, V,; increases by about 12 % up to -12.8 V.
Measurements on dicdes integrated in standard industrial
CMOS 0.5 pm process corroborate with simulation results.
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INTRODUCTION

Avalanche carrier generation plays an increasing role
in MOS devices. By scaling down the geometrical dimen-
sions while keeping the supply voltage constant, the electri-
cal field increases and therefore impact ionization plays a
more important role in device degradation due to hot-carrier
effects and bipolar parasitic breakdown {1]. The working
range of planar junction diodes in electronic circuits and in
sensors is often limited by avalanche breakdown. Different
techniques have been used to reduce the detrimental effect
of junction curvature on the breakdown voltage, like the
introduction of 2 low-doped guard ring or the use of a prv
profile [2]. The depletion region is forced to have less curva-
ture or greater thickness at the edge of the junction so that
the peak electric field is reduced there. Although very effi-
cient, these methods are not CMOS compatible: they require
additional weli-controlled implantations that can cnly be
realized in non-standard processes. The use of one or more
floating field limiting rings [3} has been investigated to
increase the junction breakdown voltage. Optimally placed
floating field rings reduce junction curvature effects and
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lower surface electric fields. It is also known [4-6] that V,
of planar diodes can be modulated with a potential applied
to a metal field plate over the oxide-protected junction at the
surface. These methods have been used with success in low-
doped junctions.

In this work, we present two dimensional device simu-
lation results of a new structure combining a field limiting
ring and field plate. The edge of the dicde is very similar to
a MOSFET, with a polysilicon gate used as a metal field
plate in between the junction and the field ring. This CMOS
compatible method is used for breakdown voltage enhance-
ment in highly-doped shallow planar junctions. The first
section describes the structure that has been realized and
simuiated. In the second part, electric device simulations are
presented. The influence of the field ring and of the field
plate on V4 is studied separately. Finally, measurement
results are presented and compared with the simulations.

STRUCTURE

The structure proposed to increase the breakdown voltage of
pn junctions is shown in Figure 1. It combines a floating field
limiting ring placed at a distance d from the diode junction
and a field plate in-between on top of a gate oxide. A shallow
junction is formed between the P* layer and the N, . The
diode structure is embedded in a N,. A second junction
exists between the N_; and the substrate, with both sides

oxide -

Figure 1: The structure consists of a P*N;, shallow junc-
tion, surrounded by a P* field limiting ring at distance d. A
voltage V,, is applied on a field plate placed between the
diode and the guard ring. N, and Py, are grounded.
Depletion regions and electrodes are shown in the figure.






