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57 ABSTRACT 
A submicron channel length is achieved in cells having 
sharp corners, such as square cells, by blunting the 
corners of the cells. In this way, the three dimensional 
diffusion effect is minimized, and punch through is 
avoided. Techniques are discussed for minimizing de 
fects in the shallow junctions used for forming the short 
channel, including the use of a thin dry oxide rather 
than a thicker steam thermal over the body contact 
area, a field shaping p-- diffusion to enhance break 
down voltage, and TCA gathering. Gate-source leak 
age is reduced with extrinsic gathering on the poly. 
backside, and intrinsic gathering due to the choice of 
starting material. Five masking step and six masking 
step processes are also disclosed for manufacturing a 
power MOSFET structure. This power MOSFET 
structure has an active region with a plurality of active 
cells as well as a termination region with a field ring or 
a row of inactive cells and a polysilicon field plate. 

21 Claims, 20 Drawing Sheets 
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1. 

LOW ON-RESISTANCE POWER MOS 
TECHNOLOGY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of applica 
tion Ser. No. 07/631,573 filed Dec. 21, 1990, now aban 
doned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to the fabrication of 

integrated circuit structures, and more particularly to 
the fabrication of low defect DMOSFETs and associ 
ated termination structures. 

2. Description of Related Art 
Power MOSFET devices enjoy widespread use in 

such applications as automobile electrical systems, 
power supplies, and power management applications. 
Many such devices are commercially available, but an 
illustrative device is product number SMP60N05, avail 
able from Siliconix incorporated, Santa Clara, Calif. 
This device is an N-channel enhancement mode transis 
tor packaged in a TO-220AB case. The technology used 
to fabricate the SMP60NO5 product is characterized by 
a specific on-resistance of 3.5 milliohms-cm2. 
Many different processes have been used for the fab 

rication of power MOSFET devices over the years. 
These are generally deep diffusion processes. For exam 
ple, in one early process disclosed in Great Britain Pa 
tent Application Publication No. 2033 658A, published 
May 21, 1980 and naming Lidow et al. as coinventors, a 
p-- tub region is about 4 microns deep and a p-- body 
region is about 3 microns deep. The cell configuration is 
hexagonal. 
The technology used to fabricate the SMP60N05 

product typically achieves junction depths ranging 
from 2.5 to 5 microns for the body, from 5 to 6 microns 
for the p-- body contact, and from 0.5 to 1 micron for 
the n+ source regions. The cell configuration is square. 

SUMMARY OF THE INVENTION 

The present invention facilitates the realization of a 
reduced rDS(on) and a higher MOSFET cell density, 
which promotes more efficient load management 
switching and allows the use of smaller or no heat sinks. 
In another respect, the present invention facilitates the 
realization of a lower gate charge for the same specified 
on-resistance of earlier devices, which allows the use of 
small drive circuits and fewer components. 
These and other advantages are variously realized in 

different embodiments of the present invention. In one 
embodiment, an intermediary of a power MOSFET 
cell, each corner of a double diffusion defining perime 
ter is greater than 120 degrees. In another embodiment, 
a method for forming a silicon power MOS device on a 
silicon body comprises the steps of forming a first mask 
overlaying the silicon body; opening a window though 
the first mask into a diffusion site in the silicon body; 
diffusing a first dopant into the diffusion site through 
the window; removing the first mask from the silicon 
body; providing an oxide layer of less than about 1000 
Angstroms in thickness over the diffusion site and prox 
imate regions of the silicon body; and providing a sec 
ond mask thicker than the first mask over at least a 
portion of the diffusion site; and diffusing a second 
dopant. Yet another embodiment of the invention, a 
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2 
termination structure for a power device, comprises a 
silicon body; a gate oxide overlaying the silicon body; 
and a polysilicon layer overlaying the gate oxide in a 
scribe region of the power device. Still another embodi 
ment is described in which only five process masking 
steps are required to fabricate DMOSFET devices and 
an associated termination structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the figures, where like reference numerals indicate 
like parts, 

FIG. 1 is a schematic representation of a general 
n-channel power MOSFET with its simplified resistive 
equivalent circuit; 
FIG. 2 is a graph showing three voltage ratios; 
FIG. 3 is a plan view of a square cell; 
FIG. 4 is a cross sectional view of the square cell of 

FIG. 3; 
FIG. 5 is a plan view of a square cell in accordance 

with the present invention; 
FIG. 6 is a cross sectional view of the square cell of 

FIG. 5; 
FIGS. 7-17 show various stages in the fabrication of 

a device in accordance with the present invention; 
FIG. 18A is a cross-sectional view of the periphery of 

one embodiment of a power MOSFET device in accor 
dance with the present invention; 

FIG. 18B is cross-sectional view of the periphery of a 
second embodiment of a power MOSFET device in 
accordance with the present invention; 
FIGS. 19-20 are plan views of a completed power 

MOSFET device, in accordance with the present in 
vention; 
FIGS. 21A-21M show various stages in the fabrica 

tion of a DMOSFET device and an associated termina 
tion structure in accordance with a first embodiment of 
a five masking step embodiment of the present inven 
tion; 

FIG. 22A is a top down view of one layout of the 
polysilicon layer of the five masking step embodiment 
of the present invention; 

FIG. 22B is a top down view of one layout of the 
source metal electrode and the gate finger metal elec 
trode of the five masking step embodiment of the pres 
ent invention; 

FIG. 23A is a cross sectional diagram showing the 
outer contours of the depletion region in a termination 
structure of the present invention with a field plate in a 
reverse bias condition; 
FIG. 23B is a cross sectional diagram showing the 

outer contours of the depletion region in a termination 
structure wherein a field plate is not used; and 
FIGS. 21A-21K and 24A and 24B show various 

stages in the fabrication of a DMOSFET device and an 
associated termination structure in accordance with a 
second embodiment of a five masking step embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A cross-sectional structure of an n-channel power 
MOSFET with its simplified resistive equivalent circuit 
is illustrated in FIG.1. An n-type lightly doped epitaxial 
silicon layer 1 includes various diffused regions such as 
the deep p-- regions 2 and 3, p body regions 4 and 5, 
and n + source regions 6 and 7. A typically continuous 
source-body electrode 12 extends across certain surface 
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portions of the epitaxial layer 1. A drain electrode 14 is 
provided at the backside of the n-doped substrate (not 
separately shown). An insulated gate structure compris 
ing gate oxide 16 and polysilicon 18 is provided over the 
drain and portions of the body, the latter functioning as 5 
MOSFET channel regions. The principal elements of 
the simplified resistive circuit include the channel resis 
tances 20 and 21, the JFET resistance 22, 23 and 24, and 
the epi resistance 26. 

FIG. 2 is a graph showing the on-resistance contribu 
tion of the channel regions 20 and 21, the JFET region 
22, 23 and 24, and the epi region 26 for an arbitrary 60 
volt n-channel DMOSFET. Vos is 10 volts, tempera 
ture is 25 degrees C., each square cell measures 10 mi 
crons by 10 microns, and the cell-to-cell spacing is 6 
microns. Curve 30 represents the ratio of the channel 
resistance 20 to RDS, curve 32 represents the ratio of the 
JFET resistance 24 to RDS, and curve 34 represents the 
ratio of the epi resistance 26 to RDS. As is apparent, 
on-resistance is dominated by the channel resistance 20 20 
and 21, the JFET resistance 24 is generally of secondary 
significance, and the epi resistance 26 is generally of 
tertiary significance. 
We have discovered that the use of a modified square 

cell in conjunction with shallow p body, p tub, and p 
diffusions results in reduced channel resistance 20 and 
21 and reduced JFET resistance 24 while avoiding 
punch-through due to three dimensional effects at the 
cell corners. A typical square cell such as used in the 
previously mentioned product number SMP60N05 is 
shown in FIGS. 3 and 4, prior to metallization. The 
edge of the polysilicon gate 40, which overlays gate 
oxide 42, is used in the double diffusion process to de 
fine the channel 44. The channel lies within p body 
region 50, between source region 52 and drain region 5435 
in the epitaxial layer 46. Typically, the channel length 
for the square cells of any given device is in the range of 
from about 1.5 microns to about 4 microns, reflecting 
the comparatively deep drive-in used to form the vari 
ously doped epitaxial regions described above. The 40 
polysilicon gate 40 is covered with a layer of oxide 56. 
An effect known as the three dimensional diffusion 

phenomenon generally does not cause too much of a 
problem in the cell of FIGS. 3 and 4, although it is 
evident in the plan view of FIG. 3. The first diffusion of 45 
the double diffusion process, which is described in de 
tail below, is a rather light p-type diffusion which is 
strongly driven in to a depth of from 2.5 microns to 5 
microns. Generally, p-type dopant diffuses horizontally 
at a rate of about 80 percent of vertical diffusion. Due to 50 
the spreading effect in the corners, the effective rate of 
horizontal diffusion is much less, on the order of merely 
50 percent. The result is that diffusion does not advance 
as far at the corners of the square cell as it does along 
linear segments, which is seen by comparing corner 
segments 48a, 48b, 48c and 48d of the body-drain junc 
tion with the mediate linear segments 48e, 48f, 48g and 
48h. While the effect also occurs with n-type dopant, it 
is much less severe than the effect seen with the p-type 
dopant. The reason is because the n-diffusion, the sec 
ond diffusion in the double diffusion process, is a rather 
heavy n-- type diffusion to a comparatively shallow 
depth on the order of from 0.5 to 1 micron. Moreover, 
n-type dopant tends to diffuse to about the same extent 
horizontally as vertically. The result is that the dopant 
advance at the corners is not noticeably impeded, rela 
tive to the extent that the advance of the p-type dopant 
is impeded, as suggested by regions 49a, 49b, 49c and 
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4. 
49d. While the channel 44 does tend to be shorter at the 
corners, the cell is still useful. 
Were the channel 44 to be made generally short, the 

three dimensional diffusion effect likely would result in 
punch-through at the corners. Punch-through is a con 
dition in which the depletion region reaches into the 
n- source, thereby causing conductance through the 
reverse-biased device and leading to device breakdown. 
Punch-through would occur because the three dimen 
sional diffusion effect would cause the channel 44 to be 
excessively short at the corners 48a, 48b, 48c and 48d. 

In the cell of FIGS. 5 and 6, excessive shortening of 
the channel 144 in the corner regions 148a, 148b, 148c 
and 148d is avoided by making the sharp corners blunt. 
In the square cell of FIGS. 5 and 6, the corners are 
advantageously made blunt by replacing the 90 degree 
corner angle in the polysilicon 140 with a short linear 
segment that makes a 135 degree angle with both con 
tiguous linear segments. For example, segment 148a 
makes a 135 degree angle with segments 148e and 148f 
segment 148b makes a 135 degree angle with segments 
148f and 148g; segment 148c makes a 135 degree angle 
with segments 148g and 148h; and segment 148d makes 
a 135 degree angle with segments 148h and 148e. As the 
three dimensional effect is rendered less problematic at 
the critical corners, the diffusions are kept shallow and 
the length of channel 144 is brought into the range of 
from 0.5 to 0.75 microns, for example. Typical junction 
depths in this event would be about 2.5-3 microns for 
the p-tub 160, about 2-2.5 microns for the p-- body 
contact 158, about 1-1.25 microns for the p body 150, 
and about 0.3-0.6 microns for the n-- source region 
152. Note that normally a heavily doped shallow region 
such as p-- body contact 158 would lower the break 
down voltage by up to 40 percent compared to earlier 
devices built on the same epispecifications (doping and 
thickness). This difficulty is overcome in accordance 
with the present invention by providing the lightly 
doped p-tub 160, which forms a linearly graded pn 
junction, resulting in improved breakdown voltage. 
The process for forming the cell of FIGS. 5 and 6 is 

illustrated in FIGS. 7-17. Parts A of FIGS. 7-17 are 
cross-sectional views taken through a typical cell, while 
parts B of FIGS. 7-17 are cross-sectional views taken 
through the termination region at the periphery of the 
chip. 

Suitable starting material includes an n-- doped sili 
con substrate 200 having a resistivity in the range of, for 
example, from 0.001 to 0.005 ohm-cm, supporting a n 
doped epitaxial layer 146 having a resistivity of, for 
example, from 0.15 to 1 ohm-cm. A thermally grown 
field oxide 204 is grown by any suitable process such as, 
for example, a thermal process to a thickness in the 
range of, for example, 5000 to 10,000 Angstroms, as 
shown in FIG. 7. 
The first masking step is for the diffusion of the p 

tub and the p-- body contact. A window 206 is opened 
in the field oxide 204 over the cell region by any suitable 
process such as, for example, a dry oxide etch. The 
resist is suitably stripped, and the p-tub implant is 
made (FIG. 9) with Boron at a dose in the range of 
1E13-1.5E14 ions/cm2, at an energy in the range of 
40-100 KeV. The Boron implant is diffused at a temper 
ature of from 1000 to 1250 degrees C. for 2-10 hours 
using any suitable oven to form the p-tub 160. A wet 
etch in a suitable HF solution is carried out to remove 
any resulting oxide, and the p-- body contact is formed 
by injecting Boron from a boron nitride source in any 
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suitable furnace through the window 206 at 750-1000 
degrees C. A Boron rich glass 212 forms in the window 
206 during the injection. A Boron soak is carried out in 
any suitable oven at 750-1000 degrees C. for from 15 
minutes to 3 hours, as appropriate, wherein boron from 
the glass continues to diffuse into the epitaxial silicon to 
form p + body contact 158 in the p-tub 160 (FIG. 10). 
The sheet resistance of the p-- body contact is 10-100 
ohms/square. 

In a second masking step, the field oxide 204 is pro 
tected in the peripheral termination region, including 
gate finger regions. All oxide is removed from the ac 
tive device areas, and gate oxide 214 is thermally grown 
at 900 -1100 degrees C. for 20 minutes to 3 hours, as 
desired (FIG. 11). 
A polysilicon film is deposited to a thickness of 0.3 

-0.7 microns using any suitable equipment. A polysili 
con film also is deposited on the backside, and is re 
moved along with an underlying oxide in a wet oxide 
etch for the purpose of exposing the wafer backside to 
heavy diffusion using phosphorus or other suitable dop 
ant. The polysilicon film is then doped to less than about 
20 ohm/square, and is patterned in a third masking step 
for opening windows to form p - body, n -- source 
regions, and ultimately metal contacts to the source and 
body. The polysilicon film is etched in any suitable 
equipment to form gate poly 216 and periphery strip 
218, a component of a termination structure. The resist 
is stripped, and Boron is implanted at a dose of 5E1 
3-2E14 ions/cm2 and an energy of 40-100 KeV in any 
suitable equipment (FIG. 13). The Boron is diffused at 
900-1200 degrees C. for 10 minutes to 5 hours, as de 
sired. The purpose of this diffusion is to form the double 
diffused channel 144 as shown in FIGS. 5 and 6. 
Oxide is etched from the p- body diffusion region 

using either a dry or wet etch, as desired, and a layer of 
suitable photoresist is deposited and patterned in a 
fourth masking step to form a sound mask (FIG. 14). An 
Arsenic implant is made using a dose of 1E15-1E16 
ions/cm2 at an energy of 60-120 KeV, after which the 
resist is stripped (FIG. 15) and the Arsenic diffused at 
850-1100 degrees C. for 0.5-1 hour to form the annular 
square source region 152 with blunted corners. An 
oxide layer 220 forms during the Arsenic diffusion 
(FIG. 16). The annular square channel 144 with blunted 
corners is defined in the body 158 between the source 
region 152 and the drain 154. Again, see FIGS. 5 and 6. 
At this point, the junction profile of the cell is essen 
tially established. 
The device is completed by depositing (optionally) 

about 1000 Angstrons of LPCVD nitride 222 followed 
by a BPSG deposition of about 0.8-1.3 microns and a 
BPSG reflow 224 at about 850-1000 degrees C. (FIG. 
16). The fifth masking step is a contact mask, which 
defines the source-body contact and the poly gate 
contact. The BPSG layer 224, the nitride layer 222, and 
the oxide layer 220 are suitably etched in a sequence 
involving, for example, a descum, a dry etch in suitable 
equipment, and a resist strip, followed by a reflow of the 
BPSG at 850-1100 degrees C. for 10-30 minutes (FIG. 
17). A suitable metal such as aluminum or a material 
such as aluminum with 1 percent silicon is deposited 
using, for example, sputter deposition, and is suitably 
patterned in a sixth masking step and etched to form the 
source electrode 226, the gate electrode (not shown), 
and termination field plates (not shown). Films of PSG 
228 and/or plasma nitride 230 are deposited, pad 
contact holes are opened in a seventh masking step, and 
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6 
an alloy step is performed at 300-450 degrees C. in an 
inert ambient. 
The termination structure 234 comprising field oxide 

204, gate oxide 214, and polysilicon periphery strip 218 
need only be coupled electrostatically to the epitaxial 
silicon 146 in order to function satisfactorily. The cou 
pling is achieved when the die is separated from the 
wafer by dicing, since the thin gate oxide 214 near the 
die edge is damaged and becomes leaky. The termina 
tion structure 234 assumes the voltage level of the epi 
taxial layer 146, and at this potential acts to exclude the 
depletion region from the leaky damaged silicon at the 
die edge. 
FIG. 18A shows one embodiment of the full termina 

tion structure 234, including a typical inactive cell 300. 
The inactive cell 300 is similar to the active cells except 
no channel region is provided, although a p-tub 302 
and p-- body contact 304 are provided. Source metal 
306 shorts a polysilicon ring 308 and the inactive cell 
300 to the source electrode. FIG. 18B shows another 
embodiment of the full termination structure 234 
wherein all portions of polysilicon ring 308 are sepa 
rated from the underlying semiconductor body by field 
oxide 204. 
FIG. 19 shows a plan view of a completed device 

with the gate fingers 320a-320e, gate bonding pad 322, 
source metal 324, and source bonding pad 326. The 
exploded view of FIG. 20 shows the juxtaposition of 
the active cells 330a-330d (other active cells in the 
device are not shown), the inactive cells 332a-332d 
(other inactive cells in the device are not shown), the 
gate finger 320e, and the p- polysilicon ring 334. 
These techniques have been used to achieve a specific 

on-resistance of 1.65 milliohms-cm2 for 60 volt devices, 
and 0.85 milliohms-cm2 for 30 volt devices. 
As will be recognized, six masking steps are utilized 

in an alternative embodiment of the fabrication process 
described in FIGS. 7A-20 of the present invention. 
These six masking steps are as follows: 

1) a deep P-- masking step in which an opening is 
formed in layer 204 as shown in FIG. 8A through 
which a P-- implant is performed; 

2) a masking step in which a portion of photoresist is 
formed to protect and thereby to form the portion of 
oxide layer 204 shown in FIG. 11B; 

3) a polysilicon masking step in which portions of 
photoresist are used to protect and thereby to form the 
portions of polysilicon layers 216 and 218 shown in 
FIGS. 12A and 12B; 

4) a contact masking step in which portions of BPSG 
layer 224 are removed to form a contact to P- region 
158 of FIG. 17A, to form a contact to P-- region 304 of 
FIG. 18A, and to form a contact to poly region 308 of 
FIG. 18A; 

5) a metal masking step in which portions of a metal 
layer 226 are removed to form the metal source elec 
trode 226 of FIG. 17A, the metal gate finger of FIG. 
18A, and the termination metal 306 of FIG. 18A; and 

6) a pad masking step in which portions of layer 228 
and/or 230 are removed to expose portions of gate 
bonding pad 322 and source bonding pad 326 of FIG. 
19. 
Another embodiment of the present invention will 

now be described. This embodiment, hereafter referred 
to as one embodiment of a five masking step process, 
requires only five masking steps to fabricate a DMOS 
FET device, such as a vertical DMOSFET, and an 
associated termination structure. FIGS. 21A-21M show 
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various stages in the fabrication of a DMOSFET device 
and an associated termination structure in accordance 
with this embodiment. 
As shown in FIG. 21A, a relatively lightly doped 

N-epitaxial layer 2000 is formed on a relatively highly 
doped N-substrate 2001. Epitaxial layer 2000 may, for 
example, be 5-10 um thick and have a doping concen 
tration of 2E16-4E16 atoms/cm3. Although substrate 
2001 is actually a thick substrate of approximately 500 
um, substrate 2001 is represented here in condensed 
fashion to facilitate the illustration. A thin gate oxide 
2002 is then formed on the top surface of the epitaxial 
layer 2002. The gate oxide 2000 may, for example, be 
500 Angstrons thick. 
A layer of polysilicon is then formed on the thin 

oxide layer. In a first masking step, a polysilicon mask 
ing step, portions of this polysilicon layer are anisotropi 
cally etched leaving portions 2003A, 2003B and 2003C 
of the polysilicon layer and also leaving selected por 
tions of the underlying thin oxide 2002 exposed. See 
FIG. 21B. This layer of polysilicon may, for example, 
be 4000-5000 Angstroms thick. Accordingly, an open 
ing 2004 is formed in the active area through which a 
device will be formed. Another opening 2005 is also 
formed in the termination region. 
As shown in FIG. 21C, a P-body implant step is 

then performed through the thin oxide 2002 in the open 
ings 2004 and 2005. The remaining portions of polysili 
con 2003A, 2003B, and 2003C act as an implant mask. 
This implant may, for example, be a 60 KeV implant of 
Boron which is performed until the implanted areas are 
implanted with a dose of 1E13-2E14 ions/cm2. 
As shown in FIG. 21D, the implanted Pions are then 

thernally diffused deeper into the epitaxial layer 2000. 
This thermal diffusion may take place at 1050 C-1200 
C. for about 30 minutes to 2 hours until the ions have 
diffused 1-2 um into the epitaxial layer. The implanted 
ions also diffuse laterally, for example 0.8-1.6 um, un 
derneath part of the remaining portions of polysilicon 
2003A-2003C. The diffused implanted Pions therefore 
form a deep P- region 2006 and a P- ring region 2007. 
The ring region 2007 surrounds the entire active area of 
the semiconductor substrate. In an alternative structure, 
a P- region is formed as one of a plurality of inactive 
cells. Such inactive cells are disposed as a row disposed 
between the active cells in the active area of the device 
and the polysilicon ring 2003C which substantially sur 
rounds the active area. In this configuration, the row of 
inactive cells is disposed to be substantially parallel to 
the polysilicon ring. Regardless of which structure is to 
be employed, however, regions of an oxide 2008A, 
2008B and 2008C are also formed during the diffusion 
step on the exposed top and side surfaces of the polysili 
con regions 2003A, 2003B and 2003C. 
As shown in FIG. 21E, a layer of positive photoresist 

is formed and subsequently masked in a second masking 
step to form localized blocking areas of thick photore 
sist. This photoresist may, for example, be 1.5um thick. 
In the active area, a block of photoresist 2009 is thereby 
formed in each of the openings 2004 in the active area 
through which the P-body implant was formed. In 
the termination area, a block of photoresist 2010 is 
formed to cover completely the opening 2005 in the 
polysilicon. The block of photoresist 2010 in the termi 
nation area also extends laterally beyond the lateral 
boundary of opening 2005 over at least a portion of the 
polysilicon regions 2003B and 2003C so that misalign 
ment of the photoresist mask to the left or right in 
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8 
FIGS. 21E and 21 F will not result in any part of the P 
region 2007 being exposed. 
As shown in FIG.21F, a subsequent N-- implant step 

is performed. This implant step may, for example, be an 
Arsenic implant performed at 80-150 KeV until the 
dose reaches 5E15-8E15 ions/cm2. N-- regions 2011 
are therefore formed under annular openings 2004A 
about mask 2009 in the active area. Each of the N-- 
regions 2011 is formed about a photoresistblock 2009 so 
that the N-- regions may each have an annular shape 
when viewed from the top. The outer and/or inner 
boundary of this annular shape may, for example, be a 
polygon such as a hexagon, a square, an octagon, a long 
strip-like rectangular shape, a triangle, et cetera. In 
some embodiments, the inner and outer boundaries of 
the annular-shaped N-- regions may have different 
geometrical shapes when viewed from the top. No N-- 
region is formed in the opening 2005 in the termination 
region due to photoresist block 2010 covering the entire 
surface of oxide 2002 in this opening. 
As shown in FIG. 21G, the photoresist blocks 2009 

and 2010 are removed. The N-- regions 2011 are then 
thermally diffused laterally and vertically into the deep 
P- region 2006 in the active area. This thermal diffu 
sion may, for example, be performed at 900-1000 C. 
for 30 minutes to one hour until regions 2011 have dif 
fused vertically 0.3-0.7 um. After this diffusion step, a 
layer 2012 of Boron Phosphorus Silicate Glass (BPSG) 
is deposited and reflowed over the structure as depicted 
in FIG. 21G. This BPSG may, for example, be 1.2-1.4 
um thick. 
As shown in FIG. 21H, a third masking step is then 

performed to form openings 2013A-2013E in the BPSG 
layer 2012 to leave BPSG portions 2012A-2012F. 
Opening 2013A is formed over a portion of the surface 
area which was covered by photoresist block 2009 so 
that only an inside annular portion of annular region 
2011 is exposed. Opening 2013C is formed over a por 
tion of the surface area which was covered by photore 
sist block 2010 so that BPSG region 2012D extends 
over a portion of oxide layer 2002 inside opening 2005 
and so that BPSG region 2012D also extends up and 
over a part of polysilicon region 2003C. As shown in 
FIG. 21H, openings 2013A and 2013C extend through 
both the BPSG layer 2012 and also through the under 
lying oxide layer 2002 to the top surface of the epitaxial 
layer 2000. Opening 2013B extends through both BPSG 
layer 2012 and also through oxide layer 2008B to extend 
down to the top of polysilicon layer 2003B. Openings 
2013D and 2013E extend through both the BPSG layer 
2012 and also through the oxide layer 2008C to extend 
down to the top of polysilicon layer 2003C in the termi 
nation region. 
As shown in FIG. 21I, a P-- implant step is then 

performed to implant Pions in P- region 2006 of the 
active region and to implant Pions in P- region 2007 
in the termination region. This implant may, for exam 
ple, be a Boron implant performed at 40-60 KeV until 
the doses in regions 2006 and 2007 reach 1E14-1E15 
ions/cm2. These P+ regions are formed in regions 2006 
and 2007 to provide better surface contact to a subse 
quently added metal electrode. 
As shown in FIG. 21J, the implanted Pions are then 

thermally diffused down into the regions 2006 and 2007 
to form P-- region 2014A in P- region 2006 and to 
form P-- region 2014B in P- region 2007. This thermal 
diffusion may, for example, be performed at 900 
C.-950 C. for 30 minutes to an hour. The BPSG is 
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simultaneously reflowed to remove abrupt edges of the 
BPSG which may have been formed when openings 
2013A-2013E were formed in the BPSG. This reflow 
allows better metal step coverage in the final structure. 
In some embodiments a rapid thermal annealing step 
may be used to cause the Pions to diffuse into regions 
2006 and 2007. 
As shown in FIG. 21K, a layer 2015 of metal such as 

a 2-3 m thick layer of Aluminum is then sputtered 
over the top surface of the structure to extend down 
into openings 2013A-2013E in the BPSG layer. Ac 
cordingly, metal layer 2015 contacts P-- regions 2014A 
and 2014B through holes 2013A and 2013C, respec 
tively. Metal layer 2015 contacts polysilicon region 
2003B through opening 2013B. Metal layer 2015 also 
contacts polysilicon region 2003C in the termination 
region at two places through openings 2013D and 
2013E, respectively. 
As shown in FIG. 21L, a fourth masking step, a metal 

mask is then performed to wet etch away selected por 
tions of the metal layer 2015 to form source metal elec 
trode 2015A, metal gate finger electrode 2016, and ter 
mination metal 2015B. Note, as indicated below, that 
electrodes 2015A and 2015B are continuous with each 
other and thereby form a composite source electrode. 
During this step, the metal in opening 2013E is etched 
out to expose the top surface of the polysilicon layer 
2003C at the bottom of opening 2013E. Because metal is 
usually doped to contain small amounts of silicon, sili 
con residue remains after a doped metal is etched in an 
etching step. Accordingly, a defreckle etch may be 
subsequently performed to remove this silicon residue. 

In the present invention, a subsequent defreckle etch 
not only removes silicon residue left after the metal is 
removed, but also serves to etch an opening through 
polysilicon layer 2003C where polysilicon layer 2003C 
is left exposed by opening 2013E in the BPSG layer. As 
a result, opening 2013E extends down to the top surface 
of thin oxide layer 2002 overlying epitaxial layer 2000. 
A first polysilicon feature 2003C1 and a second polysili 
con feature 2003C2 are therefore formed from the origi 
nal polysilicon layer 2003C. 

After the metal etch, a passivation layer 2018 is dis 
posed over the entire on the upper surface of the sub 
strate. The bottom surface of the substrate is then 
"backlapped' or ground down until the substrate has a 
thickness of approximately 10-18 mils. A metal drain 
2017 is then sputtered onto the ground bottom surface 
of N-- silicon substrate 2001. 
A fifth and final masking step, a pad masking step, is 

performed. In this step, openings are formed through 
the passivation layer 2018 to reach down to a metal gate 
pad and a metal source pad. These gate and source pads 
are not in the plane of FIG.21M so FIG. 21M does not 
show the openings in the passivation. 
FIG.22A is a top down view depicting one possible 

layout of the polysilicon layer of the present invention. 
This particular layout with a relatively small number of 
openings 2004 in the active area is provided for explana 
tory purposes. Other configurations of gate finger elec 
trodes, gate pads, source pads, and polysilicon layers 
are possible. Cross-sectional views 21A-21M are taken 
along line A-A of FIG. 22A. 
FIG. 22B is a top down view depicting the gate fin 

ger electrode 2016; before and the composite source 
metal electrode 2015A, 2015B. Rectangular pad 2101 is 
a metal gate pad and rectangular pad 2102 is a metal 
source pad. 
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10 
High voltage DMOSFET devices must be able to 

survive conditions of high reverse bias. Under condi 
tions of reverse bias, the PN junction formed between 
the P well of the active device and the N material of the 
epitaxial layer depletes. As the PN junction depletes 
more and more at higher and higher reverse biases, the 
depletion region extends farther and farther away from 
the junction. If the depletion region has a smooth and 
continuous surface, a substantially constant electric 
field will be present throughout the surface of the deple 
tion region. If, on the other hand, the depletion region 
has a nonuniform surface, localized areas of higher 
electric field will be present. Accordingly, it is seen that 
the silicon in the depletion region will break down first 
in these localized area of relatively higher electric 
fields. Field plates are therefore used in termination 
areas to influence the electric fields in the underlying 
substrate so that the contours of the surface of the de 
pletion region will be smoother and so that the reverse 
bias voltage at which the device breaks down will be 
higher. 

In the above described embodiment of the five step 
process, polysilicon layer 2003C1 is electrically con 
nected to P- region 2014.B. P- structure 2007, P 
structure 2014B, metal connection 2015B, and polysili 
con layer 2003C1 form a termination field plate. 
Polysilicon layer 2003C1 of the field plate is insulated 
from the underlying epitaxial layer by thin oxide layer 
2002. In conditions of high reverse bias, the depletion 
region forms along the upper surface of the epitaxial 
layer due to the influence of the overlying polysilicon 
layer 2003C1. 
FIG. 23A shows the outline of the outer contour 2100 

of the depletion region in conditions of high reverse 
bias, where the voltage between the drain and the 
source, VDS, is approximately 20 volts, and where the 
voltage between the gate and source, VGS, is approxi 
mately 20 volts. FIG. 23B shows what the outer con 
tour of the depletion region 2100 would have been in 
approximately the same conditions of high reverse bias 
if polysilicon layer 2003C1 in the embodiment of the 
five step process were not present. The area of localized 
high electric field at which the device of FIG. 23B 
would most likely break down is the point B in FIG. 
23B where the P- region 2007 reaches the top surface 
of the epitaxial layer 2000 of thin oxide layer 2002. In 
FIG. 23A, note that the polysilicon field ring 2003C1 
smooths out the contour of the depletion region to elim 
inate the relatively sharp discontinuity of the depletion 
region at point B. 
The breakdown voltage of the resulting vertical 

DMOSFET device can be measured between the 
source electrode 2015A and the drain electrode 2017. 
When a large negative voltage is placed across the de 
vice, that negative voltage is present between termina 
tion metal 2015B (which is electrically connected to 
source metal electrode 2015A outside the plane of the 
cross sectional view of FIG. 23A) and drain metal 2017 
on the bottom side of the substrate. Because both the 
oxide layer 2002 and the underlying depletion region 
have capacitances, the large negative voltage across the 
device will be dropped in part across the oxide layer 
2002 underneath polysilicon layer 2003C1 and in part 
across the depletion region in the underlying silicon. 
Oxide layer 2002 therefore need not necessarily be able 
to withstand the full negative voltage in order not to 
breakdown and in order to perform its function satisfac 
torily. 
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In the described embodiment of the five step process, 
oxide layer 2002 is approximately 500 Angstroms thick 
and will undergo dielectric breakdown when approxi 
mately 35 volts is present across the oxide. The break 
down voltage of the vertical DMOSFET device is 
approximately 40 volts. In embodiments where the 
dielectric breakdown requirements on the oxide 2002 
can be met with a relatively thin oxide layer, the above 
described embodiment of the five step process can be 
used and the step of forming the thick oxide 204 of the 
above described process of FIGS. 7A-20 need not be 
used. As a result, at least one masking step may be 
saved. 

If, on the other hand, a thicker oxide layer is required 
between the polysilicon of the field plate and the top of 
the epitaxial layer, the thick oxide of the process of 
FIGS. 7A-20 may be used. The process of FIGS. 
7A-20 utilizes a thick oxide of approximately 4000 Ang 
stroms to separate the polysilicon layer 308 from the 
underlying epitaxial layer. FIGS. 18A and 18B show 
two enbodiments of a termination structure with such a 
thick oxide. As a result, the dielectric breakdown of the 
oxide layer 204 is about 320 volts and the vertical 
DMOSFET device of FIGS. 7A-20 has a reverse 
breakdown voltage of approximately 60 volts. It is to be 
understood, however, that the thicknesses of the oxides 
in both the described embodiment of the five masking 
step process and also in the previously described pro 
cess of FIGS. 7A-20 need not have any specific thick 

SSS. 

In the five masking step embodiment shown in FIG. 
21M, the polysilicon layer 2003C2 disposed in the ter 
mination region is used in part as a mask to mask the 
underlying surface of the epitaxial layer 2000 in a scribe 
line portion of the termination region. If the scribe line 
portion of the termination region were not masked, the 
scribe line portion of the epitaxial layer may be doped 
with P-- dopants during the P-- implant step of FIG. 
21I. A parasitic NPNP silicon controlled rectifier 
(SCR) would therefore be formed from N-- region 
2011 in the active area, to P- region 2006 in the active 
area, to N- epitaxial layer 2000, and to a P-- region in 
the scribe line portion of the termination region. In the 
present invention, polysilicon layer 2003C2 is used in 
part to prevent a P-- region from being formed in the 
epitaxial layer of the scribe region. 

Because the insulating properties of the oxide 2002 
may be compromised during the sawing apart of dice at 
the scribe line in the scribe region, the polysilicon layer 
2003C2 may become electrically connected to the un 
derlying epitaxial layer. To prevent this connection 
from destroying the function of the device, polysilicon 
layer 2003C2 is electrically isolated from polysilicon 
field plate 2003C1 by opening 2013E. The electrical 
connection between polysilicon layer 2003C2 and the 
underlying epitaxial layer 2000 therefore prevents a 
charge from developing on the polysilicon layer 
2003C2 and therefore prevents a depletion region from 
forming underneath the polysilicon layer 2003C2 at the 
scribe line. 
The embodiment of the five step process described in 

FIGS. 21A-21M also differs from the embodiment de 
scribed above in FIGS. 7A-20 in several other respects. 
For example, the embodiment of the five step process 
involves no extra step of extending a doubly diffused 
channel outwardly from the annular periphery of the 
P- region 2006. In the five step process, although P 
region 2006 completely separates the P+ contact re 
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12 
gion 2014A from the underlying N- epitaxial silicon 
2000, P- region 2006 is formed with one masking step. 

In a second embodiment of the five masking step 
process, a metal layer is provided on the scribe line 
portion of the termination region. FIGS. 21A-21K and 
FIGS. 24A and 24B depict various stages in the manu 
facturing of a DMOSFET device made in accordance 
with this second embodiment. The initial steps of the 
second embodiment of the five masking step process are 
the same as the initial steps of the first embodiment of 
the five masking step process. These steps are described 
above with respect to FIGS. 21A-21K. The later pro 
cessing steps of the second embodiment represented by 
FIGS. 24A and 24B replace the later processing steps of 
the first embodiment represented by FIGS. 21L and 
21M. 

In the fifth masking step of the second embodiment, 
the metal masking step shown in FIG. 24A, the metal 
layer 2015 of FIG. 21K is selectively etched to form 
source metal electrode 2015A, metal gate finger elec 
trode 2016, termination metal 2015B, and protective 
metal layer 2019. The passivation layer 2018 is then 
applied over the upper surface of the substrate, the 
bottom surface of the substrate is backlapped, and a 
metal drain electrode is sputtered onto the bottom sur 
face of the substrate. A pad masking step is then per 
formed outside the plane of FIG.24B to form openings 
in the passivation layer 2018 to expose the gate and 
source pads 2101 and 2102 of FIG.22B. The final struc 
ture of the second embodiment is depicted in FIG.24B. 

Accordingly, the described embodiment of the five 
masking step process of the present invention may in 
volve the five following masking steps: 
1) Polysilicon Masking Step, in which a polysilicon 
layer is formed into several polysilicon regions 
2003A-2003C; 

2) N-- Blocking Masking step, in which a layer of pho 
toresist is formed in blocking regions 2009 and 2010; 

3) Contact Masking Step, in which openings are formed 
through a BPSG layer and an underlying oxide layer 
to expose selected regions of underlying silicon or 
polysilicon where P-- contact regions will be 
formed; 

4) Metal Masking Step, in which a layer of photoresist 
is used to remove selected portions of a layer of metal 
to form source electrode 2015A, metal gate finger 
2016 and termination metal 2015B; and 

5) Pad Masking Step, in which selected portions of a 
passivation layer are selectively removed to expose 
the underlying source and gate pads of the final struc 
tute. 

While our invention has been described with respect 
to the embodiments set forth above, our invention is not 
to be considered limited thereto. Various combinable 
aspects of the embodiments of FIGS. 7A-20 may be 
combined with various other combinable aspects of the 
embodiment of the process depicted in FIGS. 
21A-21M. Moreover, the terms "five masking step 
process" and "six masking step process' are used only 
as descriptive labels to aid the reader in understanding 
the specification and are not to be considered to limit 
the scope of the invention which is fully defined by the 
appended claims. The above-described n-channel verti 
cal DMOSFET processes can be modified to implement 
p-channel vertical DMOSFETs by reversing junction 
polarities and converting P type dopants to N tape 
dopants and vice versa. Furthermore, no particular 
equipment type is critical in the fabrication of the dis 
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closed structures. The ranges given for the process 
parameters are illustrative, and do not limit the scope of 
the claimed invention. Accordingly, these and other 
embodiments, variations and improvements not de 
scribed in the specification are to be considered within 
the scope of our claimed invention. 
We claim: 
1. A power MOSFET comprising: 
a semiconductor body comprising an epitaxial layer 
and a substrate layer, said semiconductor body 
having an active area and a termination area, said 
semiconductor body having an upper surface; 

a first insulating layer substantially laterally disposed 
on said upper surface of said semiconductor body, 
said first insulating layer having a plurality of open 
ings located over said active area, said first insulat 
ing layer having an opening located over said ter 
mination area; 

a first polysilicon layer disposed on said first insulat 
ing layer and located over said active area, said 
first polysilicon layer having a plurality of open 
ings located over said active area which corre 
spond with said plurality of openings in said first 
insulating layer located over said active area, said 
first polysilicon layer having an upper surface; 

a second polysilicon layer disposed on said first insu 
lating layer and located over said termination area, 
said second polysilicon layer being laterally spaced 
from said first polysilicon layer so that neither said 
first nor said second polysilicon layer overlays said 
opening in said first insulating layer located over 
said termination area, said second polysilicon layer 
having an upper surface; 

a third polysilicon layer disposed on said first insulat 
ing layer and located over said termination area, 
said third polysilicon layer being laterally spaced 
from said first and said second polysilicon layers; 

a second insulating layer overlaying at least part of 
said first polysilicon layer and overlaying at least 
part of said second polysilicon layer; 

a source electrode overlaying said second insulating 
layer, said source electrode making contact with 
said upper surface of said semiconductor body 
through said plurality of openings in said first insu 
lating layer, said source electrode also making 
contact with said upper surface of said semicon 
ductor body through said opening in said first insu 
lating layer located over said termination area, said 
source electrode also making contact with said 
upper surface of said second polysilicon layer 
through a first opening in said second insulating 
layer; 

a gate electrode overlaying said first polysilicon layer 
and making contact with said upper surface of said 
first polysilicon layer through a second opening in 
said second insulating layer; and 

a drain electrode contacting said semiconductor 
body. 

2. The power MOSFET of claim 1, wherein said 
second insulating layer comprises a layer of Boron 
Phosphorous Silicon Glass. 

3. The power MOSFET of claim 1, wherein said 
second polysilicon layer is formed substantially as a 
narrow strip, said strip substantially surrounding said 
active area. 

4. The power MOSFET of claim 2, wherein said 
third polysilicon layer is formed as a narrow strip, said 
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strip substantially surrounding said second polysilicon 
layer. 

5. The power MOSFET of claim 1, wherein a portion 
of said second insulating layer overlays said third 
polysilicon layer. 

6. The power MOSFET of claim 1, further compris 
ing a plurality of inactive cells of a first conductivity 
type disposed in said epitaxial layer, said epitaxial layer 
having a second conductivity type, said source elec 
trode making contact with at least one of said plurality 
of inactive cells through said opening in said first insu 
lating layer located over said termination area, a row of 
said inactive cells lying substantially parallel to said 
second polysilicon layer. 

7. A power MOSFET comprising: 
a semiconductor body comprising an epitaxial layer 
and a substrate layer, said epitaxial layer having a 
first conductivity type, said semiconductor body 
having an active area and a termination area, said 
semiconductor body having an upper surface; 

an inactive region of a second conductivity type, said 
inactive region extending into said epitaxial layer 
from said upper surface of said semiconductor 
body; 

a field oxide layer disposed over part of said termina 
tion area, said field oxide layer being disposed on 
said upper surface of said semiconductor body; 

a first insulating layer substantially laterally disposed 
on said upper surface of said semiconductor body, 
said first insulating layer being thinner than said 
field oxide layer, said first insulating layer having a 
plurality of openings located over said active area, 
said first insulating layer having an opening located 
over said inactive region in said termination area; 

a first polysilicon layer disposed on said insulating 
layer and located over said active area, said first 
polysilicon layer having a plurality of openings 
located over said active area which correspond 
with said plurality of openings in said first insulat 
ing layer located over said active area, said first 
polysilicon layer having an upper surface; 

a second polysilicon layer disposed partly on said first 
insulating layer and partly on said field oxide layer, 
said second polysilicon layer being located over 
said termination area, said second polysilicon layer 
being laterally spaced from said first polysilicon 
layer so that neither said first nor said second 
polysilicon layer overlays said opening in said first 
insulating layer located over said termination area, 
said second polysilicon layer extending partly over 
said inactive region, said second polysilicon layer 
having an upper surface; 

a third polysilicon layer disposed at least partly on 
said first insulating layer and located over said 
termination area, said third polysilicon layer being 
laterally spaced from said first and said second 
polysilicon layers; 

a second insulating layer overlaying at least part of 
said first polysilicon layer and overlaying at least 
part of said second polysilicon layer; 

a source electrode overlaying said second insulating 
layer, said source electrode making contact with 
said upper surface of said semiconductor body 
through said plurality of openings in said first insu 
lating layer, said source electrode also making 
contact with said inactive region through said 
opening in said first insulating layer located over 
said termination area, said source electrode also 
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making contact with said upper surface of said 
second polysilicon layer through a first opening in 
said second insulating layer; 

a gate electrode overlaying said first polysilicon layer 
and making contact with said upper surface of said 5 
first polysilicon layer through a second opening in 
said second insulating layer; and 

a drain electrode contacting said semiconductor 
body. 

8. The power MOSFET of claim 7, wherein said 
third polysilicon layer is disposed partly on said field 
oxide layer. 

9. The power MOSFET of claim 7, wherein said 
inactive region is formed substantially as a narrow strip, 
and wherein said second polysilicon layer is formed 
substantially as a narrow strip, said inactive region and 
said second polysilicon layer being disposed to be sub 
stantially parallel to each other. 

10. The power MOSFET of claim 7, wherein said 
inactive region comprises a plurality of individual inac 
tive regions, said plurality of individual inactive regions 
being disposed substantially in a row, said second 
polysilicon layer being formed substantially as a narrow 
strip, said row of individual inactive regions being dis 
posed to be substantially parallel to said second polysili 
con layer. 

11. A termination structure for a power MOSFET 
device, said termination structure being formed on a 
semiconductor body of a first conductivity type, com 
prising: 
a first insulating layer disposed over an upper surface 
of said semiconductor body, said first insulating 
layer having an opening; 

a polysilicon field ring disposed over said first insulat 
ing layer, said polysilicon field ring having a 
contact region on an upper surface of said polysili 
confield ring; 

a second insulating layer thicker than said first insu 
lating layer, a first portion of said second insulating 
layer being disposed directly on said first insulating 
layer, said first portion of said second insulating 
layer being laterally disposed from said polysilicon 
field ring, a second portion of said second insulat 
ing layer being disposed over said upper surface of 45 
said polysilicon field ring; 

a doped region formed in said semiconductor body, 
said doped region extending into said semiconduc 
tor body from said upper surface of said semicon 
ductor body, said doped region having a second 
conductivity type opposite said first conductivity 
type, said doped region extending under said first 
portion of said second insulating layer, said doped 
region extending only partly under said polysilicon 
field ring; and 

a metal layer, said metal layer extending from said 
opening in said first insulating layer, over said first 
and second portions of second insulating layer, and 
to said contact region on said upper surface of said 
polysilicon field ring. 

12. The termination structure of claim 11, wherein 
said first insulating layer comprises a field oxide layer 
having a substantially uniform thickness, said polysili 
confield ring being disposed on said field oxide layer so 
that all portions of said polysilicon field ring are sepa 
rated from said upper surface of said semiconductor 
body by at least said thickness of said field oxide layer. 

13. A power MOSFET comprising: 
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16 
a monocrystalline semiconductor body having an 

active area and a peripheral termination area; 
a gate insulating layer overlying the active and termi 

nation areas; 
a gate polycrystalline semiconductor portion situated 
over said insulating layer largely above the active 
area; 

a peripheral polycrystalline semiconductor portion 
situated over said insulating layer, laterally sepa 
rated from said gate polycrystalline portion, and 
laterally extending above a scribe line part of the 
termination area so as to be scribed during a scrib 
ing operation; 

a gate electrode contacting said gate polycrystalline 
portion; and 

a source electrode contacting the active area through 
openings in said insulating layer. 

14. The power MOSFET of claim 13, wherein said 
peripheral polycrystalline portion substantially laterally 
surrounds said gate polycrystalline portion. 

15. The power MOSFET of claim 14, wherein the 
active area includes source regions contacting said 
source electrode through at least part of the openings in 
said insulating layer. 

16. The power MOSFET of claim 15, wherein said 
MOSFET contains a group of cells, each comprising: 
a gate structure comprising part of said gate polycrys 

talline portion, said gate structure having a gener 
ally polygonal opening demarcating at inside edges 
thereof a gate perimeter, said polygonal opening 
having a number of relatively larger sides, consecu 
tive ones of said relatively larger sides being joined 
together by a respective one of a number of rela 
tively smaller sides, each interior angle along the 
gate perimeter between a relatively larger side and 
a relatively smaller side having a magnitude no less 
than 120 degrees; 

a particular one of said source regions, said particular 
source region being self-aligned with the gate pe 
rimeter; 

a device region situated in said semiconductor body, 
self-aligned with the gate perimeter, extending up 
to said insulating layer below part of said gate 
structure, and extending under said insulating layer 
laterally beyond the gate perimeter so as to form a 
PN junction with said particular source region 
along its lateral and lower periphery. 

17. The power MOSFET of claim 16, wherein the 
gate perimeter in each cell is generally rectangular with 
all of its interior angles being approximately 135. 

18. The power MOSFET of claim 17, wherein the 
gate perimeter in each cell is generally square shaped. 

19. The power MOSFET of claim 16, wherein said 
device region in each cell comprises: 
an annular first portion in the shape of a shelf situated 
below said particular source region; and 

a central second portion laterally surrounded along 
part of its depth of said first portion and extending 
into said semiconductor body to a greater depth 
than said first portion. 

20. A power MOSFET comprising: 
a silicon semiconductor body having an active area 
and a peripheral termination area; 

a plurality of source regions situated in the active 
area; 

a gate oxide layer overlying the active and termina 
tion areas; 
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a gate polysilicon portion situated over said oxide a gate electrode contacting said gate polysilicon por 
layer largely above the active area; tion; and 

a source electrode contacting said source regions a peripheral polysilicon portion situated over said through openings in the oxide layer. 
oxide layer, laterally separated from said gate 5 21. The power MOSFET of claim 20, wherein said 
polysilicon portion, and laterally extending above a peripheral polysilicon portion substantially laterally 
Scribe line part of the termination area so as to be surrounds said gate polysilicon portion. 
described during a scribing operation; is . . . . 
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