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TRENCH DMOS TRANSISTOR STRUCTURE HAVING A
LOW RESISTANCE PATH TO A DRAIN CONTACT LOCATED
ON AN UPPER SURFACE

Statement of Related Application

This application claims the benefit of prior filed US Provisional Patent

Application 60/122.762. filed March 1, 1999.

Field of the Invention

The present invention relates generally to MOSFET transistors and more

generally to DMOS transistors having a trench structure.

Background of the Invention

DMOS (Double diffused MOS) transistors are a type of MOSFET (Metal On
Semiconductor Field Effect Transistor) that use two sequential diffusion steps aligned
to the same edge to form the transistor regions. DMOS transistors are typically
employed as power transistors to provide high voltage, high current devices for power
integrated circuit applications. DMOS transistors provide higher current per unit area
when low forward voltage drops are required.

A typical discrete DMOS circuit includes two or more individual DMOS
transistor cells which are fabricated in parallel. The individual DMOS transistor cells
share a common drain contact (the substrate). while their sources are all shorted
together with metal and their gates are shorted together by polysilicon. Thus, even
though the discrete DMOS circuit is constructed from a matrix of smaller transistors.

it behaves as if it were a single large transistor. For a discrete DMOS circuit it is
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desirable to maximize the conductivity per unit area when the transistor matrix is
turned on by the gate.

One particular type of DMOS transistor is a so-called trench DMOS transistor
in which the channel is formed vertically and the gate is formed in a trench extending
between the source and drain. The trench. which is lined with a thin oxide layer and
filled with polysilicon, allows less constricted current flow and thereby provides
lower values of specific on-resistance. Examples of trench DMOS transistors are
disclosed in U.S. Patent Nos. 5.072.266._5,541.425. and 5.866,931.

One example is the low voitage prior art trenched DMOS transistor shown in
the cross-sectional view of FIG. 1. As shown in FIG. 1. trenched DMOS transistor 10
includes heavily doped substrate 11. upon which is formed an epitaxial layer 12,
which is more lightly doped than substrate 11. Metallic layer 13 is formed on the
bottom of substrate 11. allowing an electrical contact 14 to be made to substrate [ 1.
As is known to those of ordinary skill in the art, DMOS transistors also include source
regions 16a, 16b, 16¢, and 16d. and body regions 15a and 15b. Epitaxial region 12
serves as the drain. In the example shown in FIG. 1, substrate 11 is relatively highly
doped with N-type dopants, epitaxial layer 12 is relatively lightly doped with N type
dopants, source regions 16a, 16b, 16c, and 16d are relatively highly doped with N
type dopants, and body regions 15a and 15b are relatively highly doped with P type
dopants. A doped polycrystalline silicon gate electrode 18 is formed within a trench.
and is electrically insulated from other regions by gate dielectric layer 17 formed on
the bottom and sides of the trench containing gate electrode 18. The trench extends
into the heavily doped substrate 11 to reduce any resistance caused by the flow of
carriers through the lightly doped epitaxial layer 12, but this structure also limits the
drain-to-source breakdown voltage of the transistor. A drain electrode 14 is connected
to the back surface of the substrate 11. a source electrode 22 is connected to the
source regions 16 and the body regions 15, and a gate electrode 19 is connected to the
polysilicon 18 that fills the trench.

Another example of a trenched DMOS device is disclosed in U.S. Patent No.
4,893,160 and shown in the cross-sectional view of FIG. 2. As shown in FIG. 2,
trenched DMOS device 30 includes metallic substrate electrode 13, substrate 11,
epitaxial region 12, body regions 15a and 15b, and source regions 16a, 16b, 16c, and

-
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i6d. However, in comparision to the device shown in FIG. 1, N+ region 39 is added
along the lower sides and bottom of trench 36, or aiternatively just along the bottom
of trench 36. This structure improves the device pérformance by allowing carriers to
flow through a heavily doped region at the bottom of the trench, thereby reducing the
local resistance.

It would be desirable to provide further improvements to trenched DMOS
devices. For example. there is a need for a trenched DMOS device that provides a low

on-resistance and which is relatively simple and inexpensive to fabricate.

ummary of the Invention

In accordance with the present invention. a semiconductor device includes a
first region of semiconductor material. which is doped to a first concentration with a
dopant of a first conductivity type. A gate trench formed within the first region has
sides and a bottom. A drain access trench is also formed within the first region, which
also has sides and a bottom. A second regibn of semiconductor material is located
within the first region and adjacent to and near the bottom of the gate trench. The
second region extends to a location adjacent to and near the bottom of the drain access
trench. The second region is of the first conductivity type and has a higher dopant
concentration than the first region. A gate electrode is formed within the gate trench.
A layer of gate dielectric material insulates the gate electrode from the first and
second regions. A drain region of semiconductor material is located within the drain
access trench. The drain region is of a first conductivity type and has a higher dopant
concentration than the first region. A source region is formed on the surface of the
first semiconductor region and a body region is formed within the first region beneath
the source region. The body region has a second conductivity type opposite to the first

conductivity type.
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Brief Description of the Drawings

FIGS. I and 2 each show cross-sectional views of a conventional DMOS
transistor. '

FIG. 3 shows a cross-sectional view of one embodiment of the DMOS
transistor constructed in accordance with the present invention.

FIG. 4 shows an alternative embodiment of the DMOS transistor constructed
in accordance with the present invention.

FIGS. 5a-5d illustrate a sequence of process steps forming the DMOS
transistor shown in FIG. 4. |

FIGS. 6-8 show top views of various geometries in which a plurality of
DMOS transistors constructed in accordance with the present invention may be

arranged.

Detailed Description

FIG. 3 shows one embodiment of a trench DMOS transistor 100 constructed in
accordance with the present invention. One notable advantage of this structure is that
because it is self-isolated it can be used not only in discrete components but also in
integrated circuits As shown in FIG. 3, trench DMOS transistor 100 includes a
substrate 25, heavily doped buried layer 11, and an epitaxial layer 12, which is more
lightly doped than buried layer 11. While the substrate 25 may be N-type or P-type, a
P-type substrate will be preferred when the structure is to be incorporated into an
integrated circuit. The DMOS transistor also includes source regions 16a and 16b and
body regions 15a and 15b. As is well known to those of ordinary skill in the art, the
body regions will typically include a deeper more heavily doped region and a
shallower, more lightly doped region. In the example shown in FIG. 3, buried layer 11
is relatively highly doped with N type dopants, epitaxial layer 12 is relatively lightly
doped with N type dopants, source regions 16a and 16b relatively highly doped with
N type dopants. and body regions 15a and 15b include portions that are relatively
highly doped and relatively lightly doped with P type dopants. A polycrystalline
silicon gate electrode 18, which is formed within a trench, is electrically insulated
from other regions by a gate dielectric layer 17 formed on the bottom and sides of the
trench containing gate electrode 18. The trench extends into the heavily doped buried

4-
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layer 11. In contrast to the conventional structures shown in FIGs. | and 2, in this
device the drain is located on the top surface rather than the back surface of the
structure. More speciﬁcally, a drain access region 26 extends from the top surface of
the device to the heavily doped buried layer 11. The drain access region 26 is heavily
doped and of the same conductivity type as the buried layer 11. The drain access
region provides a low resistance path from the heavily doped buried layer 11 to a
drain electrode 14. Finally, similar to the devices shown in FIGS. 1 and 2. a source
electrode 22 is connected to the source regions 16 and the body regions 15, and a gate
electrode 19 is connected to the polysiliéon 18 that fills the trench.

One problem with the device structure shown in FIG. 3 is that it can be
relatively expensive to manufacture because it requires the deposition of an epitaxial
layer. i.e.. epitaxial buried layer | 1. which is inherently expensive to produce. In
another embodiment of the present invention, depicted in FIG. 4 as an integrated
circuit having a plurality of DMOS transistors, the epitaxial buried layer 11 is
eliminated so that fabrication of the device is considerably simplified. As shown in
FIG. 4, trench DMOS transistor 100 includes a substrate 25 in which the device is
formed. Similar to the previously depicted structures, the DMOS transistor shown in
FIG. 4 includes source regions 16a, 16b, 16¢ and 16d and body regions 15a and 15b.
In the example shown in FIG. 4. substrate 25 is doped with N-type dopants (although
alternatively, P-type dopants may be used), source regions 16a. 16b. 16c, and 16d are
relatively highly doped with N type dopants, and body regions 15a and 15b are
relatively highly doped with P type dopants. Polycrystalline silicon gate electrodes
18a, 18b, and 18c are each formed within a gate trench. The gate electrodes 18a. 18b,
and 18c are electrically insulated from other regions by gate dielectric layers 17a. 17b.
and 17c formed on the bottom and sides of each respective gate trench. Additional
trenches defining drain access regions 26a, 26b. and 26¢ also extend from the top
surface of the device.

A low resistance path for the drain is provided by adding heavily doped
regions along the lower sides and bottom of the gate trenches and the drain access
trenches, or alternatively, only along the bottom of the gate trenches and drain access
trenches. The heavily doped regions merge laterally, forming a continuous, heavily
doped region 39 that extends from the bottom of each gate trench to its associated

-5-
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drain access trench. The drain access region 26 is heavily doped with the same
conductivity type dopant as heavily doped region 39. The drain access region 26
provides a low resistance path from the heavily doped region 39 to the drain electrode
14 located on the top surface of the device.

As will be discussed in more detail in connection with FIG. 5, the heavily
doped region 39 is formed by diffusing a species such as phosphorous through the
gate trench and the drain access trench before they are filled with polysilicon. The
gate and drain access trenches should be sufficiently close to one another to ensure
that the dopants diffusing therethrough merge together to form the continuous, low
resistance path between the trenches and the drain electrode.

As previously mentioned. the structure shown in FIG. 4 advantageously
eliminates the need for a heavily doped. epitaxial buried layer such as the layer | |
shown in FIG. 3.

The inventive DMOS devices shown in FIGS. 3 and 4 may be fabricated in
accordance with conventional processing techniques with the appropriate
modification of the deposition and etching steps. For example, the FIG. 4 device
begins by forming the bodies 15a and 15b and the source regions 16a-16d in diffusion
steps and the gate and drain access trenches in etching steps. Additional details
concerning such steps may be found, for example. in previously mentioned U.S.
Patent No. 4,893,160. Next. a dielectric layer 17 such as a silicon dioxide layer is
grown in the trenches. followed by the introduction of a diffusing species. e.g..
phosphorous, to the bottom of the trenches by a technique such as ion implantation.
The diffusing species is then diffused to form the continuous, heavily doped regions
39. FIG. 5a shows the structure at the end of this stage of fabrication.

Next, as shown in FIG. 5b, the gate trenches and the drain access trenches are
filled with polysilicon. As is well known to those of ordinary skill in the art.
polysilicon will more quickly fill a narrow trench of a given depth than a wider trench
of the same depth. Accordingly, in some embodiments of the invention such as those
shown in the figures, it may be desirable to make the width of the drain access trench
greater than the width of the gate trench. In this way, as shown in FIG. 5b, when the
gate trench is filled with polysilcon the drain access trench will remain only partially
full. In either case, after the gate trench is filled with polysilicon, the polysilicon in the

-6-
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drain access trench is removed in an isotropic etch process. A subsequent etch process
is employed to remove the silicon oxide layer lining the drain access trench. Next, as
shown in FIG. 5d, the drain access trench is filled with N type doped polysilicon to
form the drain access region 26.

FIGS. 6-8 show top views of various surface geometries in which a plurality
of the inventive DMOS transistors may be arranged. The arrangements include drain
access cells 40 and transistor cells 50. The drain access cells 40 denote the structure
defined by the drain access trench and the adjacent gate trenches which are
interconnected by the low resistance path. The transistor cells 50 denote the structure
defined by the conventional DMOS transistor structure. which includes the gate
trenches, the source regions and the body region. While these or any other geometries
may be employed. the octagonal arrangement shown in FIG. 6 is particularly
advantageous because it allows the relative areas occupied by the transistor cells and
the drain access cells to be adjusted independently of one another so that a minimum

device on-resistance can be achieved.

SUBSTITUTE SHEET (RULE 26)



WO 00/52760 PCT/US00/05397

What is claimed is:

1. A semiconductor device comprising:

a first region of semiconductor material. doped to a first concentration with a
dopant of a first conductivity type;

a gate trench formed within said first region, said gate trench having sides
and a bottom;

a drain access trench formed within said first region, said drain access trench
having sides and a bottom;

a second region of semiconductor material located within said first region
and adjacent to said gate trench near said bottom of said gate trench and extending
adjacent to said drain access trench near said bottom of said drain access trench. said
second region being of said first conductivity type and having a higher dopant
concentration than said first region:

a gate electrode within said gate trench;

a layer of gate dielectric material insulating said gate electrode from said first
and second regions;

a drain region of semiconductor material located within said drain access
trench, said drain region being of said first conductivity type and having a higher
dopant concentration than said first region;

a source region formed on the surface of said first semiconductor region; and

a body region within said first region beneath said source region. said body

region having a second conductivity type opposite said first conductivity type.

2. A semiconductor device as in claim | wherein said gate electrode is

formed of conductive material.

3. A semiconductor device as in claim 2 wherein said conductive material
is selected from the group of materials consisting of aluminum, alloys of aluminum,

polycrystalline silicon, refractory metals, and combinations of polycrystalline silicon

and refractory metals.
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4. A semiconductor device as in claim 3 wherein said gate dielectric is

located along said sides and bottom of said trench.

5. A semiconductor device as in claim 1 which further comprises a

semiconductor substrate upon which said first region is located.

6. A semiconductor device as in claim 5 wherein said semiconductor

substrate is doped to said first conductivity type.

7. A semiconductor device as in claim | wherein said first region a

semiconductor substrate.

8. A semiconductor device as in claim |1 wherein said second region is
formed beneath said gate trench and said drain access trench and extends above the

bottom of said trenches.

9. A semiconductor device as in claim 1 wherein the drain access trench

is greater in width than said gate trench.

10. A method for forming a semiconductor device comprising the steps of:

providing an article that includes a first region of semiconductor material.
doped to a first concentration with a dopant of a first conductivity type, and serving as
a drain region;

etching a gate trench within said first region, said gate trench having sides and
a bottom;

etching a drain access trench within said first region. said drain access trench
having sides and a bottom;

forming a source region on the surface of said first semiconductor
region;

forming a body region within said first region beneath said source region, said
body region having a second conductivity type opposite said first conductivity type;

depositing a dielectric material that lines said gate trench;

-9-
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forming a second region of semiconductor material within said first region.
said second region being located adjacent to said gate trench near said bottom of said
gate trench and extending adjacent to said drain access trench near said bottom of said
drain access trench, said second region being of said first conductivity type and
having a higher dopant concentration than said first region:

depositing a gate electrode within said gate trench; and

depositing a semiconductor material within said drain access trench, said
semiconductor material filling said drain access trench being of said first conductivity

type and having a higher dopant concentration than said first region.

1. The method of claim 10 wherein the step of forming the second region
of semiconductor material includes the step of diffusing a dopant material of the first

conductivity type through the gate trench and the drain access trench.

12. The method of claim 10 wherein the diffusion step is sufficient to
ensure an overlap of material that diffuses through the gate trench and the drain

access trench so that a continuous path of the first conductivity type is formed.

13.  The method of claim 10 wherein said gate electrode is formed of

conductive material.

14. The method of claim 13 wherein said conductive material is selected
from the group of materials consisting of aluminum. alloys of aluminum,

polycrystalline silicon, refractory metals. and combinations of polycrystalline silicon

and refractory metals.

15.  The method of claim 10 wherein said gate dielectric material is located

along said sides and bottom of said gate trench.

16. The method of claim 10 wherein said article includes a semiconductor

substrate upon which said first region is located.

-10-
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17.  The method of claim 16 wherein said semiconductor substrate is doped

to said first conductivity type.

18. The method of claim 10 wherein said second region is formed beneath
said gate trench and said drain access trench and extends above the bottom of said

trenches.

19.  The method of claim 10 wherein the drain access trench is greater in

width than said gate trench.

-11-

SUBSTITUTE SHEET (RULE 26)



WO 00/52760 PCT/US00/05397

160—-\1 \ / ""‘"16d
s [N+ |
150 —& P+ 7 // °.’.‘ _J =—15b
‘ ‘ [ ] [ ]
N= " 23a| [e, e, *|| 23b 112
e T '
24q 24b il
~ N+ -
N 3—13
10/ l\m
Fig. 1
(PRIOR ART)
36
16b / 16¢
| 135
160 —~ N+ [ N+ | [ +—16d
150 —F oy | 1-40 4 15b
P+ ] —___]
38 |
N- /] - 12
~ N+ —
4 13

SUBSTITUTE SHEET (RULE 26)



PCT/US00/05397

WO 00/52760

2/9

d
e
\
2 B ey
/ \
;TN
i il B
\\\\\\\\\\\
m\ ag1 Q9|
_0

LOVINOD 31VO

\w LOVINOD
o 77— A008 ® 30¥N0S

SUBSTITUTE SHEET (RULE 26)



PCT/US00/05397

WO 00/52760

3/9

‘D1

) )
W

W

— G¢

—D6¢

N
0]09 +N

|||||| ————— — — _ ]
a S—6¢ _S-aes ]
olF1o0 o ol 1[oo UID. ocollF10 o ofiloo ool o o oll[e]
o OOO OO owo 101d z_,o”o OO 00 asL o/ 1 00 O O o’

| O 0 O ° T —\| o O 0 O o
0 oo P/l o/ 1—}|o o oo o
ol 16259 | lo5 ol 16%% | 1% o 0.0 oo
o O 0 OMO Iﬂﬁ ooo O O ooo j'. ooo O O oo
o OOO OO 0.0 J pog j omo OOO OO omo +d  d omo OOO OO OM
0 oo oo oo J +N||o o
o|LL° ©, 0  lo% /‘ L fee |l @ 0,0 J|oe L] ot | |ooo] | 2o

| 1 —_—1 L
|/I’.I\‘| i / \ f\\TI

o9z P8l \no_ aSL | ogy 981 q9z  ogl DGl DQ| « og| 09z
apIX0i(] UODIIS  92IN0S ¢ hiod ! L Aed
. . ole \ / / — \
youau] Jo)sisup.J]
mmmvwm< SOWd Yduadj

SUBSTITUTE SHEET (RULE 26)



PCT/US00/05397

WO 00/52760

4/9

oG b4

) )

(S

} )

N
6% 6¢ +N 6¢
||i|L||/ ——— = ———— \Ii/V
|| % \J || || |/ ||
— [l L1
|/ \ S
] +d  d
| oo U U e L
1
9l GlI 91 91 mp/-m_,
A

W

SUBSTITUTE SHEET (RULE 26)



PCT/US00/05397

WO 00/52760

5/9

q9G

4o}

1)

W

) )

W

Gl

SUBSTITUTE SHEET (RULE 26)



PCT/US00/05397

) )

6/9

WO 00/52760

oG b4

LR

SUBSTITUTE SHEET (RULE 26)

0 Q0 0 0 0 0 0O

ooooooool

N

6¢ 6¢

) S I
o | lloo\ ool ] Ioo\ °c o
o o o o
o 0O o0 00 o 0
o o o L1 o
o oo oo oo oo
() o o o
o oo oo oo oo
o .Il\lllll/ll o o .Il\llll)ﬂll o
o o0 (o I o] 00 (o3¢
o o o +d d||.©
o o0 0O (o 2 ] (o Je/
o o o o
o oo oo oo +N]|]jo o
o) [ (o] (o]
o | L] .Jlo o ofo|t— — | o]0 - 0|0
8l 81 Ll 8l



PCT/US00/05397

WO 00/52760

7/9

0109 N ——G¢
NN
B IU/\o% — —— — Iu(nmm (— — B s
bl 1o o o[oo ool 10 o0 ofoo ool o o oo
o uiniQg o o o o
° ooo oo o) o’ ooo oo °CH—as1  oL1—|% ©0° °
) —\| o
) o 0 ool—PLL 971—|°L o 0 0.0 00 OOOOO OM
0 OO0 O OOO |\||r OOO OO0 O OOO |\||ﬁ- [e 2o} OO0 O (o]
0 O O ooo £bo ooo O 0O oo ooo O O oo
o OOO OO oLl pog o0 00O 00 +td o d 1% 00O o)
o . (o 3 o] j [ 2] o O OOO J a OOO O o OO
d LrO O_ Okll on N\ o._vo |rO~O /Ok| ooo ‘\ kooo llfO © Oc' oo
7 | _ —
ogz pgl [ P9l 4dSlI foo—owp qgz og| 991 PSi cmp\ow_ pgZ
Z fod A
apixoiq uo3l|iS | Alod
224nog \ / / | \

youasj Joysisun.|

SS90V SONQ Youai)

uInJQ

SUBSTITUTE SHEET (RULE 26)



WO 00/52760 PCT/US00/05397

8/9

Drain Standard

access o< - — — trench

cells cells

40 50
/
Fig. ©

Drain />~ _ Standard
access — — — - = trench
cell - cells

40 50

Fig. 7

SUBSTITUTE SHEET (RULE 26)



WO 00/52760

Drain
access
cell

40

PCT/US00/05397

9/9

AN Standard

trench

cells

—— 50

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US00/05397

A. CLASSIFICATION OF SUBJECT MATTER
IPC(7) :HOIL 29/78, 33/00
US CL  :257/330

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

US. : 257/330

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

NONE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

NONE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5,416,350 A (WATANABE) 16 May 1995 (16-05-1995), Note | 1-19

entire document.
A US 5,640,034 A (MALHI) 17 June 1997 (17-06-1997), Note cover| 1-19

Figure.
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered gf;:c?;{i,"g mmglg,;:e u;'g‘?,:‘c,:ﬂgg,:’ ut ited to understand the

to be of particular relevance
- . . . . . X" document of particular relevance; the claimed invention t be
E carlier document published on or after the international filing date considered noecl or cannot be considered to invol:'le an inve‘;xatlil\!/l: step

"L document which may throw doubts on priority claim(s) or which is when the document is taken alone

cited to establish the publication date of another citation or other
special reason (as specified)

"o" document referring to an oral disclosure, use, exhibition or other means
"p" document published prior to the international filing date but later than
the priority date claimed

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

09 MAY 2000

Date of mailing of the international search report

06 UN 2008—>v—

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.  (703) 305-3230

Authorized officer
STEPHEN MEIER

Telephone No. (703)-308-

Form PCT/ISA/210 (second sheet) (July 1998)»




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

