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(57) Abstract: A trench type power MOSgated device has a plurality of spaced trenches lined with oxide and filled with conductive
polysilicon. The tops of the polysilicon fillers are below the top silicon surface and are capped with a deposited oxide the top of
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TRENCH FET WITH SELF ALIGNED SOURCE AND CONTACT

RELATED APPLICATION:

‘[0001] This application claims the benefit of U.S. Provisional
Application No. 60/317,516, filed September 5, 2001.

FIELD OF THE INVENTION
[0002] This invention relates to power MOSFETs and more

specifically relates to a novel structure and manufacturing process for low voltage

trench type MOSFETSs.

BACKGROUND OF THE INVENTION
[0003] Low voltage trench type MOSFETs are well known. In

present day devices, the manufacture process is complicated due to the contact etch
and the use of shallow implants. Thus, with regard to the contact etch, problems
exist of an incomplete silicon etch and metal step coverage and incomplete filling of
the trench. Further, shallow implants into deep contacts introduces defects which
reduce the BV of the device.

[0004] Further, in low voltage trench MOSFETs, the on resistance
(Rpsopis highly dependent on the channel contribution, which is greater than 40% of
the total Rpgoy. Thus, an increase in channel density and a reduction in channel
length is desirable to reduce Rpgqy. However, increasing cell density produces
complications in the design of the device and the manufacturing process.

[0005] Further, in the manufacturing process, each of the trenches ére
filled with a conductive polysilicon gate mass and capped with an oxide which
insulates the source electrode from the polysilicon gate. This oxide is

conventionally a grown oxide. It has been found that manufacturing problems occur

as result of the grown oxide cap.
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[0006] It would be desirable to reduce the manufacturing complexity
and to also reduce the Rpgqy of trench type low voltage MOSFETs.

BRIEF DESCRIPTION OF THE INVENTION

[0007] In accordance with the invention a novel process and device

structure is provided which employs:

. a thickened bottom oxide in the trenches;

. a simplified current flow path;

. no source in the termination region;

. no contact etch into the silicon (to eliminate a critical source

alignment and metal step coverage problems).

. a deposited oxide cap over the tops of the polysilicon gates in the
trenches.
[0008] Further, in accordance with the invention and in the active

area, the source/gate overlap is defined only by diffusions, and the gate oxide layers
in the trenches are shielded from the polysilicon etch plasma and from source
implant damage.

[0009] In accordance with a significant feature of the invention, the
oxide used to cap the conductive polysilicon gates in the trenches is a deposited
rather then a grown oxide.

[0010] The resulting structure has a reduced manufacturing
complexity, a lower Rygq; a smaller die size for the same current, and improved

manufacturing yield.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a cross-section of a small portion of the active area

of a prior art device with a grown oxide capping the polysilicon gates.

[0012] Figure 2 is a cross-section of a small portion of the
termination region of the prior art device of Figure 1.

[0013] Figure 3 is a cross-section of Figure 1 with a silicide on the

gate polysilicon.



WO 03/021639 PCT/US02/28067

-3-

[0014] Figure 4 is a cross-section like that of Figure 1, with the
features of the present invention including a deposited capping oxide on the

polysilicon in the trenches.

[0015] Figure 5 is a cross-section of the termination region for the
device of Figure 4.

[0016] Figure 6 is a cross-section of a modified termination structure
for the device of Figure 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] Referring first to Figures 1 and 2, there is shown a known
trench MOSFET. Thus, there is shown an N substrate 10. Substrate 10 contains a
drain electrode on its bottom, not shown, and has an epitaxially grown N" drift layer
11 grown thereon.

[0018] A P type body diffusion 12 is formed in N drift region 11, and
an N" source layer 9 is diffused into region 12. Trenches 13, 14 are etched into the P
body 12 and are lined with a gate oxide 15, 16 respectively and are filled with
conductive polysilicon gates 17, 18 respectively. The tops of polysilicon regions 17,
18 were topped with thermally grown oxide caps and are covered by a TEOS
insulation layer 20. A gate electrode 21 (Figure 2) is connected to all polysilicon
elements 17, 18 (connection not shown).

[0019] A contact trench 25 is formed as shown and a P* contact
diffusion 26 is formed at the bottom of the trenches 25. Finally, a source metal 30 is
deposited atop the wafer and is separated to also define a gate metal contact 31
(Figure 2) which contacts gate electrode 21. The grown oxide cap atop polysilicon
17 and 18 insulated polysilicon 17 and 18 from source metal 30. This grown oxide
cap has been a source of failure.

[0020] The structure shown provides a lateral channel of dimension
X..; an effective channel of length L';; and channel of length L, (Figure 2).

[0021] In operation, the breakdown voltage of the device is limited
by the lengths channels X, and L',;; by the contact etch; and by the need for the
shallow N* and P* implants 25 and 26 respectively.
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[0022] Further, the channel length L, is appreciably greater than the
maximum depletion width because of limitations imposed on the breakdown voltage
BV by the contact manufacturing sequence. Contact alignment is a critical process
parameter, and metal step coverage is a problem.

[0023] Figure 3 shows one improvement of the device of Figures 1
and 2 in which the top of the polysilicon trench fillers 17 and 18 are covered by
metal silicide layers 40, 41 respectively which reduces the effective lateral gate
resistance to a gate terminal. Further, the gate oxide 15, 16 is caused to be thickened
at the bottoms 45 and 46 of trenches 13 and 14, respectively. Still further, in Figure
3, a thicker hardmask is used, and the recess at the center of polysilicon fillers does
not reach below the hard mask. Also, in Figure 3, the source/gate overlap which
determines the device Q, is defined only by diffusions. Finally, the gate oxide 15,
16 is shielded from the polysilicon etch plasma and from source implant plasma.

[0024] Figures 4 and 5 show the modified structure and process
included in the present invention. It will be noted that the thickened bottom oxides
45 and 46 are used, as is the silicided gate elements 40 and 41 (which are eliminated
in Figure 6). Further, however, the Isource 9 does not extend into the termination
(Figure 5), and there is no contact etch into the silicon (avoiding critical source
alignment and metal step coverage issues). Further, a simplified current flow path is
provided.

[0025] Significantly, the oxide cap 20 above the polysilicoﬁ 17 and
18 (the silicide layer 40, 41 may be removed) is a deposited oxide, preferably LD
TEOS having a thickness of 4000A and etched back to be approximately flush with
the silicon surface.

[0026] One process which has been used to make a device of the
present invention employed the following basic steps:

1. A pad oxide grown atop the surface of an N drift
region (region 11 of Figures 4 and 5) of a semiconductor wafer or chip to a thickness
of about 240A.
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2. A P type channel implant is formed into the top of the
N drift region 11.

3. Nitride is deposited atop the P type channel implant to
a thickness of about 35004,

4. An active mask is formed atop the device surface and
a termination trench (not shown in Figures 1 to 5 but shown in Figure 6) may be

formed to a depth of 0.7 microns.

5. A channel drive, to drive the P implant is carried out at

about 1100°C for about 30 minutes forming P channel region 12.

6. A field oxidation step is carried out, forming an oxide

to a thickness of about 5000A.

7. An active area trench mask is formed to etch trenches
17, 18 to a depth of 1.1 micron and a width of 0.4 micron. Other trench dimensions

may be used.
8. A sacrificial oxide (450A) and etch is then carried out.
9. A pad oxide of 240A is then grown, followed by a gate
nitride deposition over the walls of the trenches and over the top mesa surfaces

between the walls.

10. A dry nitride etch then removes the nitride from the

trench bottoms.

11.  An oxide 45 is then grown in the trench bottoms to
2000A.
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12.  The nitride on the vertical trench walls is removed by

a wet nitride etch.

13.  The cleared trench walls then receive a grown gate

oxide (15, 16).

14.  Polysilicon is next deposited over the wafer and into

the trenches to a thickness of 5000A.

15. A POCI deposition then takes place and is driven to

make polysilicon masses 17 and 18 conductive.

16.  The polysilicon is then etched, forming a recess below

the silicon surface about 0.15 microns deep (+ 0.1 micron).
17.  Next a polyoxide is formed to about 450A.

18. An oxide on nitride etch is then carried out, and nitride
is pulled back laterally by about 1000A to clear the corners of the mesas between

trenches for a source implant.

19.  Following an AME oxide etch, an arsenic source

implant is carried out, for forming the N* source regions 9.

20.  Thereafter, and in accordance with an important
feature of the invention, a low density TEOS deposition is carried out to a thickness
of about 4000A to form the oxide plugs 20 in Figures 4 and 5. Tt is significant that
the oxide plugs are not grown, but are deposited, leading to a device of improved

reliability.
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21. Thereafter, there is a source drive with oxidation,
followed by a contact mask. Note that the sources are of short lateral extent and

extend deep into the trench and primarily along gate oxide, not cap oxide.
22.  These steps are followed by an SP* implant and drive.

23.  Following a premetal clean step, there is an FM

sputter, metal mask and aluminum etch.

24, Standard finishing steps are then used, followed by a
back metal (not shown) formed on the bottom of the N* wafer 10.

[0027] " Figure 6 shows a modified termination (a trench termination)
for the device of Figure 4 and made by the foregoing process. In Figure 6
components similar to those of figure 4 have the same identifying numeral.

[0028] It will be noted in Figure 6 that the plugs 20 are clearly pulled
back (steps 18 and 19) to provide a lateral source region contact surface to source
metal 30. Further, the novel termination has a termination trench 100, formed at
step 4 above, which is covered by field oxide 101, formed at step 7, a conductive
polysilicon field plate 102, formed at steps 14 to 16, and the deposited TEOS layer
103 formed in step 20 above.

[0025] The novel structures of Figures 3, 4, 5 and 6 permits an
increase in the trench cell density, and a reduction in channel length L, for the same
BV as compared to the prior art device of Figures 1 and 2 and a more compact
channel structure.

[0030] Although the present invention has been described in relation
to particular embodiments thereof, many other variations and modifications 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 specific disclosure herein.
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WHAT IS CLAIMED IS:

1. A trench type power MOSgated device comprising a silicon die
having an N” drift region and a P type channel formed atop said N drift region; a
plurality of spaced trenches formed into the top of said die and extending
perpendicularly through said P body and into said N drift region; each of said
trenches having a gate dielectric on the walls thereof and being filled with a
conductive polysilicon filler to a height below the top surface of said silicon; an
oxide plug formed atop said each of said polysilicon fillers and ﬁlling( said trench to
at least the top thereof; spaced N* source diffusion formed into the tops of the walls
of said trenches and having a short lateral extension at the tops of each of said
trenches and extending for a given depth below the top of said polysilicon fillers;
and a source electrode overlying the top of said silicon and contacting the top
surface of said N* source regions and the P channel region between the spaced N*

source regions.

2. The device of claim 1 in which said top surface of said silicon and the

top surfaces of said oxide plugs are in a substantially common plane.

3. The device of claim 1 or 2 wherein said oxide plug is a deposited
oxide.

4. The device of claim 1 or 2 wherein said gate dielectric is a grown
oxide.

5. The device of claim 1, 2, 3 or 4 wherein the bottom of each of said

trenches is lined with an oxide having a greater thickness than that of said gate

dielectric.
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6. The device of claim 1, 2, 3, 4 or 5 which further includes a
termination trench surrounding the active area of said device; said trench termination

being coated with a layer of field oxide, covered in turn by conductive polysilicon,

and covered in turn by a deposited oxide.

7. A trench type MOSgated device; said trench type device having a
vertical trench in a silicon substrate; said vertical trench having a gate oxide on its
vertical walls and being filled with conductive polysilicon to a height below the top
of said silicon substrate; the opening from top of said conductive polysilicon to the

top of said substrate being filled with a deposited oxide.
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