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(57) ABSTRACT 

A trench MOSFET is formed in a structure Which includes 

a P-type epitaxial layer overlying an N+ substrate. A trench 
is formed in the epitaxial layer. A deep implanted N layer is 
formed beloW the trench at the interface betWeen the sub 
strate and the epitaxial layer, and N-type dopant is implant 
through the bottom of the trench to form an N region in the 
epitaxial layer beloW the trench but above and separated 
from the deep N layer. The structure is heated to cause the 
N layer to diffuse upWard and the N region to diffuse 
doWnWard. The diffusions merge to form a continuous 
N-type drain-drift region extending from the bottom of the 
trench to the substrate. Alternatively, the drain-drift region 
may be formed by implanting N-type dopant through the 
bottom of the trench at different energies, creating a stack of 
N-type regions that extend from the bottom of the trench to 
the substrate. 
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TRENCH MOSFET HAVING IMPLANTED 
DRAIN-DRIFT REGION AND PROCESS FOR 

MANUFACTURING THE SAME 

[0001] This application is a continuation-in-part of co 
oWned application Ser. No. 09/898,652, ?led Jul. 3, 2001, 
Which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to poWer MOSFETs and in 
particular to a trench-gated poWer MOSFET With superior 
on-resistance and breakdown characteristics. This invention 
also relates to a process for manufacturing such a MOSFET. 

BACKGROUND OF THE INVENTION 

[0003] A conventional trench-gated poWer MOSFET 10 is 
shoWn in the cross-sectional vieW of FIG. 1. MOSFET 10 
is formed in an N+ semiconductor substrate 11, on Which an 
N-epitaxial layer 12 is groWn. A gate 13 is formed in a trench 
14 Which extends doWnWard from the top surface of the 
N-epitaxial (N-epi) layer 12. The gate is typically made of 
polycrystalline silicon (polysilicon) and is electrically iso 
lated from the N-epi layer 12 by an oxide layer 15. The 
voltage applied to the gate 13 controls the current ?oWing 
betWeen an N+ source 16 and a drain 18, through a channel 
located adjacent the Wall of the trench 14 in a P body 17. 
Drain 18 includes the N-epi layer 12 and N+ substrate 11. A 
metal contact layer 19 makes electrical contact With the N+ 
source 16 and With the P body 17 through a P+ body contact 
region 20. A similar metal contact layer (not shoWn) typi 
cally provides an electrical connection With the bottom side 
of the drain 18. 

[0004] Ideally, the MOSFET Would operate as a perfect 
sWitch, With in?nite resistance When turned off and Zero 
resistance When turned on. In practice, this goal cannot be 
achieved, but nonetheless tWo important measures of the 
ef?ciency of the MOSFET are its on-resistance and ava 
lanche breakdown voltage (hereinafter “breakdoWn volt 
age”). Another important criterion is Where the breakdoWn 
occurs. Since the drain is normally biased positive With 
respect to, the source, the junction 21 is reverse-biased, and 
avalanche breakdoWn normally occurs at the corner of the 
trench, Where the electric ?eld is at a maximum. BreakdoWn 
creates hot carriers Which can damage or rupture the gate 
oxide layer 15. It is therefore desirable to design the device 
such that breakdoWn occurs in the bulk silicon, aWay from 
the trench 14. 

[0005] Another important characteristic of a MOSFET is 
its threshold voltage, Which is the voltage that needs to be 
applied to the gate in order to create an inversion layer in the 
channel and thereby turn the device on. In many cases it is 
desirable to have a loW threshold voltage, and this requires 
that the channel region be lightly doped. Lightly doping the 
channel, hoWever, increases the risk of punchthrough break 
doWn, Which occurs When the depletion region around the 
junction 21 expands so as to reach all the Way across the 
channel to the source. The depletion region expands more 
rapidly When the body region is more lightly doped. 

[0006] One technique for reducing the strength of the 
electric ?eld at the corners of the trench and promoting 
breakdoWn in the bulk silicon aWay from the trench is taught 
in US. Pat. No. 5,072,266 to Bulucea et al. (the “Bulucea 

Feb. 26, 2004 

patent”) This technique is illustrated in FIG. 2, Which shoWs 
a MOSFET 25, Which is similar to MOSFET 10 of FIG. 1 
except that a deep P+ diffusion 27 extends doWnWard from 
the P body 17 to a level beloW the bottom of the trench. Deep 
P+ diffusion 27 has the effect of shaping the electric ?eld in 
such a Way as to reduce its strength at the corner 29 of the 
trench. 

[0007] While the technique of the Bulucea patent 
improves the breakdoWn performance of the MOSFET, it 
sets a loWer limit on the cell pitch, shoWn as “d” in FIG. 2, 
because if the cell pitch is reduced too much, dopant from 
the deep P+ diffusion Will get into the channel region of the 
MOSFET and increase its threshold voltage. Reducing the 
cell pitch increases the total perimeter of the cells of the 
MOSFET, providing a greater gate Width for the current, and 
thereby reduces the on-resistance of the MOSFET. Thus, 
using the technique of the Bulucea patent to improve the 
breakdoWn characteristics of the MOSFET makes it more 
dif?cult to reduce the on-resistance of the MOSFET. 

[0008] To summariZe, the design of a poWer MOSFET 
requires that a compromise be made betWeen the threshold 
and breakdoWn voltages and betWeen the on-resistance and 
breakdoWn characteristics of the device. There is thus a clear 
need for a MOSFET structure that avoids or minimiZes these 
compromises Without adding undue complexity to the fab 
rication process. 

SUMMARY OF THE INVENTION 

[0009] In accordance With this invention a poWer MOS 
FET is formed in a semiconductor substrate of a ?rst 
conductivity type Which is overlain by an epitaxial layer of 
a second conductivity type. A trench is formed in the 
epitaxial layer. The poWer MOSFET also includes a gate 
positioned in the trench and electrically isolated from the 
epitaxial layer by an insulating layer Which extends along 
the side Walls and bottom of the trench. The epitaxial layer 
comprises a source region of the ?rst conductivity type, the 
source region being located adjacent a top surface of the 
epitaxial layer and a Wall of the trench; a base or body of the 
second conductivity type; and a drain-drift region of the ?rst 
conductivity type extending from the substrate to the bottom 
of the trench, a junction betWeen the drain-drift region and 
the body extending from the substrate to a side Wall of the 
trench. The poWer MOSFET can optionally include a thresh 
old adjust implant, and the epitaxial layer can include tWo or 
more sublayers having different dopant concentrations 
(“stepped epi layer”). 
[0010] In an alternative embodiment the trench extends 
through the entire epitaxial layer and into the substrate, and 
there is no need for the drain-drift region. 

[0011] This invention also includes a process of fabricat 
ing a poWer MOSFET comprising providing a substrate of 
a ?rst conductivity type; groWing an epitaxial layer of a 
second conductivity type opposite to the ?rst conductivity 
type on the substrate; forming a trench in the epitaxial layer; 
introducing dopant of the ?rst conductivity type through a 
bottom of the trench to form a drain-drift region, the 
drain-drift region extending betWeen the substrate and the 
bottom of the trench; forming an insulating layer along the 
bottom and a sideWall of the trench; introducing a conduc 
tive gate material into the trench; and introducing dopant of 
the ?rst conductivity type into the epitaxial layer to form a 
















