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A METHOD OF FORMING A MULTI-LAYERED DUAL-POLYSILICON
STRUCTURE

Field Of The Invention

This invention relates to integrated circuits and, more specifically, to a method of
forming a multi-layered dual-polysilicon semiconductor structure, and devices and

integrated circuits formed in accordance therewith.

Background Of Invention

Multi-layered structures with dual layers of polysilicon over oxide layers of
differing thickness have many uses in integrated circuits. Such structures are particularly
useful for construction of MOS integrated circuits including Dynamic Random Access
Memory (DRAM) cells and Static Random Access Memory (SRAM) cells, for example.
The methods of manufacturing multi-léyered dual-polysilicon structures currently require -
multiple and sometimes complicated processing steps including implantation barrier

deposition and removal, polysilicon deposition, patterning, and etching.

These multiple, and sometimes repetitive, processing steps increase the
fabrication time and expense of manufacturing integrated circuits and semiconductor
devices. Moreover, fabrication tolerances are controlled in part by the type and number
of processing steps. Thus, fewer and simpler processing steps will yield tighter

manufacturing tolerances and denser integrated circuits and semiconductor devices.

Thus there exists a need in the art for a method of forming a multi-layered dual-

polysilicon structure that overcomes the above-described shortcomings.

Summary Of The Invention

The present invention is directed to a method that allows formation of dual
polysilicon structures prior to formation of an ion implantation barrier structure and that
requires fewer steps, is more economical, and permits fabrication of more compact

semiconductor circuits and devices than prior art methods.
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A preferred embodiment of the present invention is directed to a method of
forming a multi-layered dual-polysilicon semiconductor structure. First and second
trenches of differing depths are formed in a first insulating layer on the Substrate. A
second insulating layer is formed in the first and second trenches. Thereafter, polysilicon
material is formed in the first and second trenches such that the first and second trenches
are substantially filled with the polysilicon material. A portion of the polysilicon material
is removed from the first and second trenches so that the top surface of the first
insulating layer and a top surface of the polysilicon material are not co-planar (i.e., are
not at the same height). An implantation barrier is formed on thé polysilicon material in
the first and second trenches and processed so that a top surface of the insulating barrier
is substantially co-planar with the top surface of the first insulating layer. lon

implantation is then performed to form LDD regions and source and drain regions.

The present invention is also directed to integrated circuits and semiconductor

devices constructed in accordance with the above-described method.

Other objects and features of the present invention will become apparent from the
following detailed description, considered in conjunction with the accompanyiﬁg drawing
figures. It is to be understood, however, that the drawings, which are not to scale, are
designed solely for the purpose of illustration and not as a definition of the limits of the

invention, for which reference should be made to the appended claims.

Brief Description Of The Drawings

In the drawing figures, which are not to scale, and which are merely illustrative,
and wherein like reference characters denote similar elements throughout the several

views:

. FIGS. 1-4 depict a multi-layered dual-polysilicon structure during successive

stages of fabrication in accordance with the method of the present invention;

FIG. 5 depicts the multi-layered dual-polysilicon structure of FIGS. 1-4 with the

first insulating layer removed;
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FIG. 6 depicts the structure of FIG. 5 with a spacer oxide; and

FIGS. 7-9 depict exemplary MOS integrated circuits constructed in accordance

with the method of the present invention.

Detailed Description Of The Presently Preferred Embodiments

Referring now to the drawings in detail, FIGS. 1-4 depict a multi-layered dual-
polysilicon structure 50 constructed in accordance with the present invention. The
structure 50 depicted in FIG. 1 includes a first insulating layer 12 having a top surface 18
and formed on a substrate 10. The first insulating layer 12 is preferably silicon-dioxide,
although other known semiconductor insulating materials may also be used. The _
substrate 10 may be silicon, gallium arsenide, germanium, or other semiconductor
materials suitable for use as a substrate. A first trench 14 and a second trench 16 are
formed in the first insulating layer 12 by patterning and etching the trench areas using
known techniques. Illustratively, the first trench 14 is formed by: 1) applying a layer of
resist material on the top surface 18 of the first insulating layer 12; 2) exposing the resist
material to an energy source which passes through a pattern mask defined in the resist
material; 3) removing areas of resist to form a pattern in the res_ist; 4) etching the trench
14; and 5) removing the remaining resist material. In a preferred embodiment, the first
trench 14 is etched to a depth that is approximately equal to the thickness of the first

insulating layer 12, thereby revealing a top surface 34 of the substrate 10.

The second trench 16 is preferably formed after formation of the first trench 14
and in much the same manner. The second trench 16 has a depth that is less than the
depth of the first trench 14 and a top surface 32 that lies above (in the drawings) the top
surface 34 of the substrate 10. The depth of second trench 16 (or the thickness of the
first insulating layer 12 remaining underneath the second trench 16) is dependent upon

the desired characteristics of the integrated circuit or device being fabricated.

As depicted in FIG. 1, a second insulating layer 8 is formed in each trench 14, 16.

The second insulating layer 8 is preferably silicon-dioxide and may be simultaneously
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formed in the trenches 14, 16. In the first trench 14, the second insulating layer 8 rests

directly on top of the substrate 10, i.e., on the top surface 34.

Referring next to FIG. 2, polysilicon 20,is then deposited in the first and second

trenches 14, 16 so that the first and second trenches 14, 16 are substantially filled with

‘polysilicon 20 and a top surface 22 of the polysilicon 20 is approximately at the same

height as (i.e., are substantially co-planar) with the top surface 18 of the first insulating
layer 12. To provide for a substantially co-planaf relation between the insulating layer
top surface 18 and the polysilicon top surface 22, the structure 50 is subjected to a
polishing step such as chemical-mechanical polishing (CMP), for example. The
polysilicon 20 may comprise polysilicon only (i.e., a single layer), or alternatively, it may

comprise polysilicon , silicide, and/or oxide materials (i.e., multiple layers).

A portion of the polysilicon 20 deposited in the trenches 14, 16 is then removed
so that the top surface 22 of the polysilicon 20 is no longer co-planar with the top
surface 18 of the first insulating layer 12. This creates a void 30 in the first and second
trenches 14, 16 above the polysilicon 20, as depicted in FIG. 3. This is preferably
accomplished by an anisotropic etching process. The amount of polysilicon 20 removed
by the anisotropic etch will vary depending upon the type of integrated circuit or device
ultimately fabricated from the multi-layered structure 50. However, the distance
between the top surfaces 18, 22 should be sufficient to permit deposition of an ion
implantation barrier 40 (FIG. 4) that will prevent ion penetration into thé polysilicon 20

during subs?_quent proceSsing of the structure 50.

The ion implantation barrier 40 is preferably deposited in a blanket fashion (i.e.,
simultaneously in both trenches) in trenches 14, 16 until a top surface 42 of the barrier
40 is approximately at the same height as the top surface 18 of the first insulating layer
12. The ion implantation barrier 40 may comprise any material which will not permit
implanted ions to penetrate into the bolysilicon 20. Typical materials used for the
implantation barrier 40 include, by way of non-limiting example, silicon-nitride,
tantalum-nitride, titanium-nitride, .tungsten-nitride, and zirconium-nitride. The ion

implantation barrier 40 is subsequently processed so that its top surface 42 is
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substantially co-planar with the top surface 18 of the first insulating layer 12 (FIG. 4).
This is accomplished by a conventional chemical-mechanical polishing (CMP) technique,
or other known planarization techniques, for example. In this manner, a self aligned

structure for ion implantation is formed.

Ion implantation is then performed to create a lightly doped diffusion (LDD)
region 44, depicted in FIG 4, and thereafter, the structure 50 is annealed. A spacer oxide
100 (see, e.g., FIG. 6) is then grown over the polysilicon gate 60 (described in further
detail below) and source and drain implants are then performed to create source and
drain regions 46, as depicted in FIG. 4. The spacer oxide 100 is then removed and the
structure 50 may be annealed. The choices of ions and their associated implantation
energies are determined by the desired electrical characteristics of the resulting device or
integrated circuit. It should be noted that the ion implantation is performed in
accordance with standard processing techniques (for example, through a mask of photo-
resistive material that has been patterned to reveal the desired implant regions).
Subsequently, electrical connections (not shown) are made in conventional ways to the
polysilicon gate 60 and to the source and drain regions 46 for form a variety of devices

(e.g., transistors, resistors, diodes, capacitors, etc.).

Alternatively, and as depicted in FIGS. 5 and 6, the first insulating layer 12 may
be removed from the polysilicon structure 50 and LDD regions 44 created as described
above. A spacer oxide 100 may then be formed, deposited, grown, etc., over the
structure 50 which will act as a mask for the LDD region 44. Source and drain regions

46 may then be created using known methods and techniques.

The polysilicon 20 in the first trench 14 may comprise a polysilicon gate 60 (FIG.
4) of a metal-oxide-semiconductor (MOS) transistor. The thickness of the gate 60 is
determined by the desired characteristics of the structure. The purpose of the polysilicon
20 in the second trench 16 varies based on the application as described below. For
example, the high resistivity of undoped polysilicon makes it especially well-suited for

providing high-value resistors in static memories.
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The insulating layer 8 in the first and second trenches 14, 16 may constitute the
gate oxide layer in a conventional MOS transistor. The thickness of the insulating layer

8 is determined by the desired characteristics of the structure.

The particular illustrative structure 50 depicted in FIG. 4 includes two MOS
transistors 70, 80 aligned with the first trenches 14. Further, the polysilicon 20 formed
in the second trench 16 may be used to create a discrete component 90 such as, by way
of non—limiting example, a capacitor, a resistor, or a transistor, or interconnect with a
gate oxide comprised of insulating layers 8 and 12, that is thicker than that of the

transistor devices 70, 80 formed in first trench 14.

It is desirable to prevent ion penetration into the polysilicon gate 60. Polysilicon
material is then deposited in the trenches 14, 16, and another implantation barrier is
formed above the polysilicon material to prevent ion penetration into the polysilicon

during implantation of the LDD, source and drain regions 46.

The present invention greatly simplifies the above-described process and reduces
the complexity and expense of fabricating multi-layered dual-polysilicon structures. In
accordance with the present invention, the polysilicon gate 60 (i.e., polysilicon material
20 in the trenches 14, 16) is formed prior to formation of an implantation barrier. Thus, .
the'gate. and barrier are formed in successive, non-repetitive steps. The LDD regions 44

and the source and drain regions 46 may then be created without having to add or

~ remove implantation barrier(s).

FIGS. 7-9 are illustrative devices that may formed using in accordance with the
method of the present invention. It will be.obvious to persons skilled in the art that the
devices depicted in FIGS. 7-9 are merely illustrative, non-limiting examples and that
many other devices are contemplated by the present invention. The device depicted in
FIG. 7 is an SRAM cell 100 having resistors 102 formed using the second trench 16 and

transistors 104 formed using the first trenches 14.
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The device depicted in FIG. 8 is alternative SRAM cell 100 having four
transistors 104 formed using both the first and second trenches for interconnects 14, 16.

Subsequent metal layers may be formed to interconnect transistors 104 as is well known.

The device degicted in FIG. 9 is a DRAM cell 200 having a capacitor 202 formed
using the second trench 16 and a transistor 204 formed using the first trenches 14
Subsequent metal layers may be formed to interconnect capacitor 202 and transistor 204

as is well known.

Finally, it is to be understood that although the invention is disclosed herein in the
context of particular illustrative embodiments, those skilled in the art will be able to

devise numerous alternative arrangements. Such alternative arrangements, although not

- explicitly shown or described herein, embody the principles of the present invention and

are thus within its spirit and scope.

Thus, while there have been shown and described and pointed out fundamental
novel features of the invention as applied to preferred embodiments thereof, it will be
understood that various omissions and substitutions and changes in the form and details
of the disclosed invention may be made by those skilled in the art without departing from
the spirit-of the invention. It is the intention, therefore, to be limited only as indicated by

the scope of the claims appended hereto.



tn

10

15

[

Claims

1. A method of forming a muiti-layered semiconductor structure including a
substrate having a first insulating layer disposed thereon, the first insulating layer having

a top surface, said method comprising the steps of

(a) forming a first trench and a second trench of differing depths in

the first insulating layer;
(b)  forming a second insulating layer in the first and second trenches;

(c) forming a polysilicon material in the first and second trenches such

that the first and second trenches are substantially filled with polysilicon material;

(d)  removing a portion of the polysilicon material from the first and
second trenches so that the top surface of the first insulating layer is not co-planar with a

top surface of the polysilicon material remaining in each of the first and second trenches;

(e) forming an implantation barrier in the first and second trenches;

and

- (® processing the implantation barrier in the first and second trenches

so that a top surface thereof is substantially co-planar with the top surface of the first

~ insulating layer.

2. The method of claim 1, wherein said step (d) comprises anisotropically

etching the polysilicon material.

3. The method of claim 1, wherein said step (f) comprises polishing the top

surface of the implantation barrier.

4. The method of claim 1, wherein said step (é) comprises depositing

titanium-nitride on the polysilicon material in the first and second trenches.
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5. The method of claim 1, wherein said 'step (e) comprises depositing

silicon-nitride on the polysilicon material in the first and second trenches.

6. The method of claim 1, wherein said step (e) comprises depositing

tantalum-nitride on the polysilicon material in the first and second trenches.

5 7. The method of claim 1, wherein said step (e) compriseés depositing

tungsten-nitride on the polysilicon material in the first and second trenches.

8. The method of claim 1, wherein said step (e) comprises depositing

zirconium-nitride onthe polysilicon material in the first and second trenches.

9. The method of claim 1, wherein said step (a) comprises first forming a

10 first trench and then forming a second trench that is shallower than the first trench.

10.  The method of claim 1, further comprising the step of implanting ions to
form a LDD region in the substrate, the implantation barrier preventing penetration of

implantation ions into the polysilicon material.

11.  The method of claim 10, further comprising the step of implanting ions to
15 . form a source and a drain region in the substrate, the implantation barrier preventing

‘penetration of implantation ions into the polysilicon material.

12 The method of claim 11, further comprising the step of annealing the

multi-layered structure.

13. The method of claim 1, wherein said step (c) comprises forming
20  polysilicon in the first trench to form a first structure and forming polysilicon in the

second trench to form a second structure.

14.  The method of claim 13, further comprising forming two first structures

and two second structures.

-15.  The method of claim 14, further comprising the step of interconnecting

({8 ]
tn

the two first structures and the two second structures to form an SRAM cell.
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16. The method of claim 14, further comprising the step of
interconnecting the two first structures and the two second structures to form an DRAM

cell.

17.  The method of claim 1, wherein said step (c) comprises forming a single

‘layer of polysilicon material in the first and second trenches such that the first and second

trenches are substantially filled with the single layer polysilicon material.

18. The method of claim 1, wherein said step (c) comprises forming a multi-
layer of polysilicon material in the first and second trenches such that the first and second

trenches are substantially filled with multi-layer polysilicon material.
19.  The method of claim 1, further comprising the steps of:
removing the first insulating layer; and

implanting ions to form a LDD region in the substrate, the implantation

barrier preventing penetration of implantation ions into the polysilicon material.
20.  The method of claim 19, further comprising the steps of:
forming a spacer oxide on the semiconductor structure; and

implanting ions to form a source in a drain region in the substrate, the
implantatiop barrier preventing penétratibn of implantation ions into the polysilicon

material.

21. A semiconductor device formed in accordance with the method of claim

22 The device of claim 21, wherein said semiconductor device includes a

resistor and a transistor.

23. The device of claim 21, wherein said semiconductor device includes a

capacitor and a transistor.
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24 A DRAM cell 'formed in accordance with the method of claim 1.
25. AlSRAM cell formed in accordance with the method of claim 1.
26. A multi-layered semiconductor structure comprising:

a substrate;

a first insulating layer disposed on said substrate, and having therein

defined first and second trenches of differing depths;
a second insulating layer disposed in said first and second trenches;

a polysilicon layer disposed in said first and second trenches in overlying

relation to said second insulating layer; and

an implantation barrier disposed in said first and second trenches in
overlying relation to said polysilicon layer and formed by removing a portion of said
polysilicon layer in said first and second trenches so as to create a void therein and

forming said implantation barrier in said void.

27. The multi-layered semiconductor structure of claim 26, wherein said

structure is an integrated circuit.

28.  The multi-layered semiconductor structure of claim 27, wherein said

integrated circuit is a DRAM cell.

29.  The multi-layered semiconductor structure of claim 27, wherein said

integrated circuit is a SRAM cell.

30.  The multi-layered semiconductor structure of claim 27, wherein said

structure includes a resistor and a transistor.



