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HK 1244177 A

INTEGRATED STACKED ESD NETWORK IN TRENCH FOR TRENCH
DMOS

FIELD OF THE INVENTION

The present invention relates to Trench Double-diffused Metal-Oxide-Semiconductor Field
Effect Transistor (hereinafter “Trench DMOS”), and more particularly to ESD (Electrostatic
Discharge) protection for Trench DMOS.

BACKGROUND OF THE INVENTION

ESD is a common cause of failure in solid state electronic components during manufacturing.
High ESD voltage can cause damage to the Gate oxide in Trench DMOS, leading to instant failure or
secondary failure. ESD protection in component level is essential to prevent such damage.

A pair or several pairs of back to back PN diodes are often used to divert the high ESD charges
away before the voltage is high enough to damage the Gate oxide. Since technology keeps advancing,
the Die size of Trench DMOS is shrinking and the intrinsic ESD capability is also shrinking. A
single stage of ESD diodes is not adequate and two stages of ESD diodes with resistor in between are
often required to handle higher ESD voltage.

Usually in Trench DMOS, ESD structure is formed in the poly layer at Gate pad. In modern
contact on trench process, a layer of poly on top of silicon surface means extra topology, which
makes masking layer like contact masking difficult. Also two stages of ESD diodes with resistor in

between need complicated layout and metal routing.

SUMMARY OF THE INVENTION

For the defects in the prior art, an object of the present invention is to provide a stacked ESD
network placed inside the trench which offers good ESD protection capability, flat topology and
simple metal routing.

The technical solutions of the present invention are as follows:

In one aspect, a stacked ESD structure is provided, which comprises: a heavily doped substrate
acting as a drain; an epitaxial layer grown on the substrate; a trench formed in the epitaxial layer; an
oxide layer formed on an inner sidewall of the trench; a first poly layer formed in the trench; a
plurality of P-type regions and N-type regions formed inside the first poly layer to make back to back
diodes in the first poly layer; a dielectric layer formed in the trench, on top of the first poly layer; a
second poly layer formed in the trench, on top of the dielectric layer; a plurality of P-type regions

and N-type regions formed inside the second poly layer to make back to back diodes and poly
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resistors in the second poly layer; an insulating layer formed on top of the second poly layer and the
trench; a plurality of contact defined to connect the first poly layer, the poly resistor and the second
poly layer, through the insulating layer; and a metal layer formed on top of the insulating layer.

Advantageously, a thickness of the epitaxial layer is about 2~50 pum.

Advantageously, the oxide layer covers a bottom and sidewalls of the trench.

Advantageously, the first poly layer is un-doped and the first poly layer is inside the trench.

Advantageously, blanket ESD implant and masked N+ implant are used to form the back to
back diodes in the first and second poly layers.

Advantageously, the number of pair of ESD back to back diodes in each poly layer is one; or the
number pair of ESD back to back diodes in series is more than one; the number of pair of ESD back
to back diodes can be the same or different in the first and second poly layers.

Advantageously, the dielectric layer is oxide or nitride or composite of both material, and a
thickness of the dielectric layer is about 0.2~1pum

Advantageously, the second poly layer is un-doped and the second poly layer is also inside the
trench.

Advantageously, the stack of first poly layer and second poly layers are inside the trench.

Advantageously, the poly resistor is in stripe form with one or two sides connected to the second
poly layer and is defined in the center of the second poly layer.

Advantageously, the insulating layer is a layer of borophosphosilicate glass or a composite layer
of un-doped silicate glass and borophosphosilicate glass.

Advantageously, the source contact of the first poly layer and the second poly layer can be
defined at one side or more than one side.

Advantageously, simple metal routing is needed to connect two stages of ESD back to back
diodes with resistors.

In another aspect, a method for preparing the stacked ESD structure is provided, which
comprises: providing a heavily doped substrate acting as a drain; growing an epitaxial layer on the
substrate; forming a trench in the epitaxial layer; forming an oxide layer on an inner sidewall of the
trench; forming a first poly layer in the trench; forming a plurality of P-type regions and N-type
regions inside the first poly layer to make back to back diodes in the first poly layer; forming a
dielectric layer in the trench, on top of the first poly layer; forming a second poly layer in the trench,
on top of the dielectric layer; forming a plurality of P-type regions and N-type regions inside the
second poly layer to make back to back diodes and poly resistors in the second poly layer; forming
an insulating layer on top of the second poly layer and the trench; defining a plurality of contact to
connect the first poly layer, the poly resistor and the second poly layer, through the insulating layer;

and forming a metal layer on top of the insulating layer.
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Advantageously, the first poly layer is un-doped and the first poly layer is inside the trench.

Advantageously, blanket ESD implant and masked N+ implant are used to form the back to
back diodes in the first and second poly layers.

Advantageously, the second poly layer is un-doped and the second poly layer is also inside the
trench.

Advantageously, the stack of first poly layer and second poly layers are inside the trench.

Advantageously, the poly resistor is in stripe form with one or two sides connected to the second
poly layer and is defined in the center of the second poly layer.

The stacked ESD network placed inside the trench offers good ESD protection capability, flat

topology and simple metal routing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross section view of a stacked ESD structure according to a first embodiment of the
present invention;

FIG. 2 is a three dimensional view of the stacked ESD structure according to the first
embodiment of the present invention;

FIGS. 3-15 show steps of making the stacked ESD structure in FIG. 1 in cross-section view;

FIGS. 16-22 show some of the steps of making the stacked ESD structure in FIG. 1 in top view;

FIG. 23 1s a schematic diagram of a two-stage ESD structure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The present invention will now be more particularly described, by way of example only, with
reference to the accompanying drawings. It should be understood that the drawing are for better
understanding and should not limit the present invention. Dimensions of components and features
shown in the drawings are generally chosen for convenience and clarity of presentation and are not
necessarily shown to scale.

Referring to FIGS. 1 and 2, a stacked ESD structure according to a first embodiment of the
present invention includes a substrate 102 and an epitaxial layer 104 grown on the substrate 102.
The substrate 102 acts as a drain of the trench DMOS, which is N-type or P-type semiconductor and
heavily doped. The epitaxial layer 104 is the same type semiconductor as the substrate and lightly
doped. A thickness of the epitaxial layer 104 is usually 2~50 pm.

The stacked ESD structure further includes a trench 106 defined in the epitaxial layer 104 and at
the Gate pad area, and an oxide layer 108 formed in the trench 106, covering the bottom and
sidewalls of the trench 106.

The stacked ESD structure further includes a first poly layer 110 formed in the trench 106, a
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plurality of P-type regions 122a and N-type regions 122b formed inside the first poly layer 110 as
shown in FIG. 16 to make back to back diodes in the first poly layer 110. The first poly layer 110 is
un-doped and the first poly layer 110 is inside the trench. Blanket ESD implant and masked N+
implant are used to form the ESD diodes.

The stacked ESD structure further includes a dielectric layer 112 formed in the trench 106, on
top of the first poly layer 110. The dielectric layer 112 can be oxide or nitride or composite of both
materials. The thickness of the dielectric layer 112 is usually 0.2~1 um.

The stacked ESD structure further includes a second poly layer 114 formed in the trench 106, on
top of the dielectric layer 112, a plurality of P-type regions 124a and N-type regions 124b formed
inside the second poly layer 114 as shown in FIG. 17 to make back to back diodes. This back to back
ESD diode directly connects to poly resistors 126 in the second poly layer 114. The second poly
layer 114 is un-doped and the top of the second poly layer 114 is not higher than the top of the trench
106. Blanket ESD implant and masked N+ implant are used to form the ESD diodes. The poly
resistor 126 is defined in the center of the second poly layer. Depending on design specification, the
poly resistor 126 could be in stripe form with one or two sides connected to the second poly layer
114.

The stacked ESD structure further includes an insulating layer 116 formed on the surface of the
epitaxial layer 104 and covering the trench 106. The insulating layer 116 1s usually BPSG
(Borophosphosilicate glass) or composite of USG (Undoped Silicate Glass) and BPSG. As shown in
FIGS. 1, 2 and 18,Contact holes 118 are defined in the insulating layer 116 and extend to the poly
resistor 126, the second poly layer 114 and the first poly layer 110.

The stacked ESD structure may further includes a metal layer 120 formed on the insulating
layer 116. The metal layer 120 fills into the contact holes 118, which connects to the poly resistors
126 and the first poly layer 110 to the Gate terminal, and connects the other end of the second poly
layer 114 and the other end of the first poly layer 110 to the Source terminal as shown in FIG. 18.

An example method to form the present ESD structure integrated in trench DMOS will be
described in detail as follows.

Firstly, as shown in FIG. 1 a heavily doped N-type substrate 102 is provided and an N-type
epitaxial layer 104 is grown on a surface of the substrate 102. As shown in FIG. 3, a first mask is then
used to define a trench pattern. Silicon etch is employed to etch the epitaxial layer 104 to a
pre-defined depth to form the trench 106 for ESD structure 100 and the trench 206 in cell area 200.

As shown in FIG. 4, a gate oxide layer 108 is then formed in the trenches 106 and 206. As
shown in FIG. 5, A first poly layer 110, which is un-doped, is then deposited and etched back as
shown in FIG. 6. As shown in FIG. 7, a light P-type region is formed by blanket implanting light
P-type impurity into the first poly layer 110. A masked body region is formed by implanting P-type
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impurity into the epitaxial layer in the cell area 200 between the cell trenches 206. A heavy N-type
region is formed by masked implanting heavy N-type impurity into the first poly layer 110, thus
forming back to back diodes in the first poly layer 110, and into the epitaxial layer 104 between the
cell trenches 206 in the cell area 200.

As shown in FIGS. 8 and 9, an insulating layer 112 is then deposited to cover the epitaxial layer
104 and the trenches 106 and 206. As shown in FIG. 10, A second poly layer 114, which is un-doped,
is then deposited on the insulating layer 112. As shown in FIG. 11, a light P-type region is formed by
blanket implanting light P-type impurity into the second poly layer 114 and a heavy N-type region is
formed by masked implanting heavy N-type impurity into the second poly layer 114, thus forming
back to back diodes and the poly resistors 126 in the second poly layer 114.

As shown in FIG. 11, a mask 1s used to define the second poly layer pattern, thus separating the
back to back diodes and the poly resistor 126 in x-direction. As shown in FIG. 12, an insulating layer
116 1s formed on the surface of the epitaxial layer 104 and covers the trenches 106 and 206. The
insulating layer 116 is usually BPSG (Borophosphosilicate glass) or composite of USG (Undoped
Silicate Glass) and BPSG. As shown in FIG. 13, a contact mask is used to define contact holes 118 in
the insulating layer 116 and extend to the poly resistor 126, the second poly layer 114 and the first
poly layer 110 in the ESD structure 100, and to the body region in cell area 200. Removing the oxide
in the contact holes 118, the contact holes 118 reach the poly resistor 126, the second poly layer 114
and the first poly layer 110 in the ESD structure 100, and to the body region in cell area 200.

As shown in FIG. 13, P+ dopant is then implanted into the body region via the contact holes 118
to form a P+ body pickup region. Finally, as shown in FIG. 1, a metal layer 120 is deposited over the
insulating layer 116 and fills up the contact holes 118 as shown in FIG. 14. As shown in FIG. 15, a
metal mask is used to define the source and gate pad regions in the metal layer 120. The Gate metal
120a connects one side of the poly resistors 126 and one side of the first poly layer 110. The Source
metal 120b connects the other side of the second poly layer 114 and the other side of the first poly
layer 110.

Notably, some of the reference numbers in FIGS. 3-15 have been omitted for a better view to
the structure. The reference numbers omitted in FIGS. 3-15 have been shown in FIG. 1. One of
ordinary skill in the art can refer to FIG. 1 for a better understand to FIGS. 3-15.

Some of above steps for making the stacked ESD structure is also shown in FIGS. 16-22 in top
view. FIGS. 16-22 are provided here for better understanding of the structure shown in FIG. 1.

As an example, FIG. 23 shows a schematic diagram of a two-stage ESD structure.

Although the invention is described with reference to one or more preferred embodiments, it
should be appreciated by those skilled in the art that various modifications are possible. Therefore,

the scope of the invention is to be determined by reference to the claims that follow.
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We claim:

1.  Astacked ESD structure, comprising:

a heavily doped substrate acting as a drain;

an epitaxial layer grown on the substrate;

a trench formed in the epitaxial layer;

an oxide layer formed on an inner sidewall of the trench;

a first poly layer formed in the trench;

a plurality of P-type regions and N-type regions formed inside the first poly layer to make back
to back diodes in the first poly layer;

a dielectric layer formed in the trench, on top of the first poly layer;

a second poly layer formed in the trench, on top of the dielectric layer;

a plurality of P-type regions and N-type regions formed inside the second poly layer to make
back to back diodes and poly resistors in the second poly layer;

an insulating layer formed on top of the second poly layer and the trench;

a plurality of contact defined to connect the first poly layer, the poly resistor and the second poly
layer, through the insulating layer; and

a metal layer formed on top of the insulating layer.

2.  The stacked ESD structure of claim 1, wherein, a thickness of the epitaxial layer is about
2~50 um.

3. The stacked ESD structure of claim 1, wherein the oxide layer covers a bottom and
sidewalls of the trench.

4.  The stacked ESD structure of claim 1, wherein the first poly layer is un-doped and the first
poly layer is inside the trench.

5. The stacked ESD structure of claim 1, wherein blanket ESD implant and masked N+
implant are used to form the back to back diodes in the first and second poly layers.

6. The stacked ESD structure of claim 1, wherein the number of pair of ESD back to back
diodes in each poly layer is one; or the number pair of ESD back to back diodes in series is more
than one; the number of pair of ESD back to back diodes can be the same or different in the first and
second poly layers.

7.  The stacked ESD structure of claim 1, wherein the dielectric layer is oxide or nitride or
composite of both material, and a thickness of the dielectric layer is about 0.2~1um

8.  The stacked ESD structure of claim 1, wherein the second poly layer is un-doped and the
second poly layer is also inside the trench.

9. The stacked ESD structure of claim 1, the stack of first poly layer and second poly layers
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are inside the trench.

10. The stacked ESD structure of claim 1, wherein the poly resistor is in stripe form with one
or two sides connected to the second poly layer and is defined in the center of the second poly layer.

11. The stacked ESD structure of claim 1, wherein the insulating layer is a layer of
borophosphosilicate glass or a composite layer of un-doped silicate glass and borophosphosilicate
glass.

12. The stacked ESD structure of claim 1, wherein the source contact of the first poly layer and
the second poly layer can be defined at one side or more than one side.

13. The stacked ESD structure of claim 1, wherein simple metal routing is provided to connect
two stages of ESD back to back diodes with resistors.

14. A method for preparing the stacked ESD structure of claim 1, comprising:

providing a heavily doped substrate acting as a drain;

growing an epitaxial layer on the substrate;

forming a trench in the epitaxial layer;

forming an oxide layer on an inner sidewall of the trench;

forming a first poly layer in the trench;

forming a plurality of P-type regions and N-type regions inside the first poly layer to make back
to back diodes in the first poly layer;

forming a dielectric layer in the trench, on top of the first poly layer;

forming a second poly layer in the trench, on top of the dielectric layer;

forming a plurality of P-type regions and N-type regions inside the second poly layer to make
back to back diodes and poly resistors in the second poly layer;

forming an insulating layer on top of the second poly layer and the trench;

defining a plurality of contact to connect the first poly layer, the poly resistor and the second
poly layer, through the insulating layer; and

forming a metal layer on top of the insulating layer.

15. The method of claim 10, wherein the first poly layer is un-doped and the first poly layer is
inside the trench.

16. The method of claim 10, wherein blanket ESD implant and masked N+ implant are used to
form the back to back diodes in the first and second poly layers.

17. The method of claim 10, wherein the second poly layer is un-doped and the second poly
layer is also inside the trench.

18. The method of claim 10, wherein the stack of first poly layer and second poly layers are

inside the trench.
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19. The method of claim 10, wherein the poly resistor is in stripe form with one or two sides
connected to the second poly layer and is defined in the center of the second poly layer; or the poly

resistor is in circular shape, formed as a part of the second poly layer.
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