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(57) ABSTRACT 

A superjunction device has a plurality of equally spaced P 
columns in an N“ epitaxial layer. The concentration of the P 
type columns is made greater than that needed for main 
taining charge balance in the N- epi region and the P 
columns thereby to increase avalanche energy. An implant 
dose of 1.1E13 or greater is used to form the P columns. 
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SUPERJUNCTION DEVICE WITH IMPROVED 
AVALANCHE CAPABILITY AND BREAKDOWN 

VOLTAGE 

FIELD OF THE INVENTION 

[0001] This invention relates to semiconductor devices 
and more speci?cally relates to a superjunction type power 
MOSFET With increased avalanche energy. 

BACKGROUND OF THE INVENTION 

[0002] Superjunction poWer MOSFETs are Well knoWn. 
The static and dynamic characteristics of such devices are 
also described in “Analysis of the Effect of Charge Imbal 
ance on the Static and dynamic Characteristics of the 
Superjunction MOSFET by Proveen M. Shenoy, Anup 
Bhalla and Gray M. Dolay, Proceeding of the ISPSD ’99, pp. 
99-102, June 1999. 

[0003] In such devices, the avalanche capability, some 
times called “ruggedness” is determined mainly by the 
means of preventing the turn on of the inherent parasitic 
bipolar transistor in a DMOS type MOSgated device. HoW 
ever, in the superjunction device, the concentration of the P 
type columns is chosen to maintain charge balance in the 
active area of the epitaxial silicon body material. This 
requirement loWers the avalanche capability of the device 
because the high ?eld locates in the N type region of the 
epitaxial silicon layer, resulting in a higher base resistance 
Rb1 in the avalanche current path through the N type region 
and to the N+ source. Thus, in some designs, avalanche 
energy, that is, the amount of energy Which is produced in 
avalanche Without failure, has been as loW as 50 millijoules. 
Attempts to increase this energy results in a reduction of the 
device breakdoWn voltage. 

[0004] It Would be desirable to increase the avalanche 
energy of a superjunction device Without degrading the 
breakdoWn voltage. 

BRIEF DESCRIPTION OF THE INVENTION 

[0005] In accordance With the invention, the P column 
dose in a superjunction device is increased to a value 
intentionally higher than that required for charge balance in 
apparent disregard of the accepted theory and design rules 
for superjunction devices. By doing so, the high ?eld 
location moves from the N region to the P column, and, 
therefore, a loWer Rb1 or lateral base resistance is experi 
enced by the avalanche current through the P column to the 
source. Thus, the avalanche capability of the device is 
signi?cantly improved (by a factor greater than 10) Without 
degrading breakdoWn voltage. 

[0006] For example, in a prior design using an N epi layer 
concentration of 1.26E15 and a P column dose of about 
1E13, the P column dose Was increased to 1.1E13 and 
avalanche energy Was increased from 50 millijoules to 2500 
millijoules. The P column dose to be used is dependent on 
die siZe and it Was found that a higher dose can be used on 
smaller area die. Thus, a P column dose of 1.2E13 Was used 
for a die of siZe 110x140 mils; While a dose of 1.1E13 Was 
used on larger die of 257x330 mils and 315x450 mils. In all 
cases, a dose of 1.1E13 to 1.3E13 can be used to improve 
avalanche capability Without adversely affecting breakdoWn 
voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a cross-section of a small area of a 
superjunction die and is a cross-section of a portion of FIG. 
2 taken across section line 2-2 in FIG. 1. 

[0008] FIG. 2 is a vieW of the top of the silicon in FIG. 
1, take across section line 1-1 in FIG. 2 to shoW the topology 
of the P type pedestals or channels. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0009] Referring to FIGS. 1 and 2, there is shoWn a 
silicon die having an N+ body 10 Which has an epitaxially 
deposited N- top layer 11 formed thereon. Note that the term 
epitaxial layer means a layer of silicon Which Was groWn by 
an epitaxial process. Layer 10 is about 500 microns thick 
and layer 11 is about 17 microns thick for a 500 volt device. 
The N“ concentration is typically about 1.26 atoms/cm3 (or 
about 3.5 ohm cm). 

[0010] A plurality of spaced P columns 12 are formed in 
layer 11 as shoWn. P columns may have a depth of about 6.4 
microns and a center-to-center spacing of about 15 microns. 
The P columns are shoWn as hexagonal in section, but they 
can have any other shape and; if desired, may be rectangular, 
square, or even have a parallel elongated stripe form. When 
hexagonal as shoWn, the hexagonal columns may be 6.4 
microns Wide When measured perpendicular to parallel 
sides, and may be spaced by about 8.6 microns from all 
adjacent columns. 

[0011] The P columns may be fabricated by sequentially 
groWing N“ epitaxial layers about 6.4 microns thick and 
diffusing the hexagonal P layers Which are aligned With one 
another to build the full P column. As Well be later empha 
siZed, the P columns 10 are formed by implants of boron at 
80 KeV and at a dose of 1.1E13 or greater, but in accordance 
With the invention, Will have a value Which is greater than 
that need for charge balance betWeen the N- epitaxial silicon 
11 and the P columns 12. 

[0012] After forming the P columns 12, a gate oxide and 
a conductive polysilicon lattice 13 (atop the gate oxide) is 
formed in the lattice space betWeen columns 12. A shalloW 
N+ source 14 is then formed into the top of each column 12 
as by implantation and diffusion, to de?ne channel regions 
under the gate 13. A thin P+ contact layer 15 is formed 
beneath each source layer 14. The top of polysilicon gates 13 
are capped by an interlayer oxide 16 and a shalloW trench is 
formed through sources 14 and into P+ regions 15. An 
aluminum source electrode 17 is then formed atop the upper 
surface of the die, making contact With source regions 14 
and P+ regions 15. The top of source 17 is covered by a 
suitable passivation layer 18. Adrain electrode 20 is formed 
on the bottom of die 10. 

[0013] In accordance With the invention the concentration 
in the P column is greater that needed for charge balance to 
the surrounding N- epitaxial silicon. In particular and With 
an N“ region resistivity of 3.5 ohm cm and the dimensions 
given, 1a P concentration de?ned by an implant dose of 
1.0><10 atoms/cm2 Would be used in the prior art. In accor 
dance With the invention hoWever, and for a die of 315x450 
mils, the dose of 1.1E13 for columns 12 increased avalanche 
energy over 10 fold. For a smaller die of 110x140 mils, a 
dose of 1.2><1013 atoms/cm2 can be used With the same 
bene?t. 
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[0014] Although the present invention has been described 
in relation to particular embodiments thereof, many other 
variations and modi?cations and other uses Will become 
apparent to those skilled in the art. It is preferred, therefore, 
that the present invention be limited not by the speci?c 
disclosure herein. 

What is claimed is: 
1. A super unction device comprising a ?at thin monoc 

rystalline silicon die having an N+ body and a junction 
receiving epitaxially groWn N“ layer on top of said N+ body; 
a plurality of equally spaced P type columns of similar 
cross-section extending into said epitaxial layer for a sub 
stantial portion of the thickness of said epitaxial layer and 
perpendicularly to the top and bottom surfaces of said die; 
said P type columns having a P type concentration Which is 
intentionally greater than that needed for change balance 
betWeen said P columns and the surrounding N“ epitaxial 
silicon. 
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2. The device of claim 1, Which further includes a 
MOSgate structure formed on the top surface of said N 
epitaxial layer of silicon. 

3. The device of claim 2, Wherein said MOSgate structure 
includes a source region in the top of each of said P columns 
and de?ning invertible channel regions in said P columns 
and a gate structure spanning across said invertible channel 
regions and said N“ epitaxial silicon. 

4. The device of claim 1, Wherein said P column is formed 
from boron implants having a dose of greater than about 
1.1E13. 

5. The device of claim 2, Wherein said P column is formed 
from boron implants having a dose of greater than about 
1.1E13. 

6. The device of claim 3, Wherein said P column is formed 
from boron implants having a dose of greater than about 
1.1E13. 


