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[57] ABSTRACT

A method for fabricating an MOS memory array is
disclosed, wherein the method includes steps for con-
structing electrically-programmable and electrically-
erasable memory cells (2, 198, 200) in combination with
assorted peripheral devices (202, 204, 206) on a semi-
conductor substrate (8, 71). Tunneling regions (20, 78)
are formed in the substrate (8, 71) and thin tunnel dielec-
trics (22, 84) comprised of silicon dioxide/oxynitride
material are grown over the tunneling regions (20, 78)
to facilitate transport of charge carriers between the
tunneling regions (20, 78) and subsequently-fashioned
floating gate structures (14R, 14L, 156) in the memory
cells (2, 198, 200). A first layer of doped polycrystalline
silicon is then deposited over the substrate and etched to
define large polysilicon areas. An oxide layer is grown
over the large polysilicon areas in a manner such that
out-diffusion of the impurity present in the large
polysilicon areas is prevented. Thereafter, a second
layer of doped polycrystalline silicon is deposited over
the substrate and etched together with the large
polysilicon areas to define the memory cell floating gate
structures (14R, 14L, 156) as well as various memory
cell program and control gates (16R, 16L, 40R, 40L,
128, 132) and peripheral device control gates (136, 138).
Source and drain regions (34, 36, 58, 60, 64, 66, 168-179)
for the memory cells (2, 198, 200) and the peripheral
devices (202, 204, 206) are established by implanting an
impurity in the semiconductor substrate (8, 71), using
the memory cell program and control gates (16R, 16L,
40R, 40L, 128, 132) and the peripheral device control
gates (136, 138) for alignment. Protective coverings of
refill oxide (188) and VapOx (190) are formed over the
substrate to complete the fabrication process.

11 Claims, 46 Drawing Figures
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METHOD OF FABRICATING AN MOS MEMORY
ARRAY HAVING
ELECTRICALLY-PROGRAMMABLE AND
ELECTRICALLY-ERASABLE STORAGE DEVICES
INCORPORATED THEREIN

TECHNICAL FIELD

The present invention relates generally to a method
for fabricating an MOS memory array and is more spe-
cifically directed to a method for fabricating a memory
array including steps for forming electrically-pro-
grammable and electrically-erasable memory cell stor-
age devices, memory cell selection devices and assorted
peripheral devices on a semiconductor substrate.

BACKGROUND ART

Recent advances in MOS technology, and in particu-
lar the development of practical solutions to the prob-
lems associated with the construction of thin tunnel
dielectrics, have led to the successful design and manu-
facture of non-volatile memory cells having both elec-
trical programming and electrical erasing capabilities.
U.S. Pat. No. 4,115,914 issued to Harari on Sept. 26,
1978; U.S. Pat. No. 4,203,158 issued to Frohman-Bentc-
hkowsky et al on May 13, 1980 and co-pending applica-
tion Ser. No. 343,847, filed Jan. 29, 1982 and assigned to
the assignee of the present invention, for example, all
disclose semiconductor storage devices adapted for use
in an MOS memory cell, wherein the storage devices
employ thin tunnel dielectrics to facilitate electrical
programming and electrical erasing of the cell. The
structures of both the Harari and Frohman-Bentc-
hkowsky et al storage devices include a floating gate
disposed above the surface of a substrate and insulated
therefrom by an oxide layer. The major portion of the
oxide layer is relatively thick, i.e., 500 A to 1,000 A, but
a remaining portion of the oxide comprises a thin tunnel
dielectric on the order of 20A to 200A which separates
the floating gate from an active substrate region contig-
uous with the storage device source, drain or channel
region. When a suitable unipolar potential is applied to
a control gate vertically-aligned with the floating gate,
charge carriers can be tunneled from the active sub-
strate region through the thin dielectric to the floating
gate. Similarly, application of another unipolar poten-
tial to the active substrate region causes charge carriers
present on the floating gate to tunnel back out of the
floating gate through the thin tunnel dielectric and into
the active substrate region.

In addition to disclosing the structure and operation
of electrically-programmable and electrically-erasable
storage devices, the aforementioned Harari and Froh-
man-Bentchkowsky et al patents teach a series of pro-
cess flow steps whereby the storage devices are formed.
For the most part, these process flow steps are conven-
tional in nature, merely involving a collection of known
MOS fabrication techniques arranged in a predeter-
mined sequence calculated to yield the desired storage
device configuration. Where, however, storage device
components are fundamentally rearranged for the pur-
pose of improving memory cell programming and eras-
ing performance as disclosed in the aforementioned
co-pending application Ser. No. 343,847, the prior art
teachings associated with prior art configurations pro-
vide little guidance in establishing a sequence of process
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flow steps appropriate to the new and improved storage
device configurations.

DISCLOSURE OF THE INVENTION

It is accordingly an object of the present invention to
provide a method for fabricating an MOS memory cell
having an electrically-programmable and electrically-
erasable storage device incorporated therein.

It is another object of the present invention to pro-
vide a method for fabricating an MOS memory cell
including the steps of constructing an electrically-pro-
grammable and electrically-erasable storage device in
combination with 2 memory cell selection device.

It is yet another object of the present invention to
provide a method for fabricating an MOS memory cell,
which memory cell employs an electrically-programm-
able and electrically-erasable storage device having a
floating gate structure separated from a substrate tun-
neling region by a thin tunnel dielectric.

It is a further object of the present invention to pro-
vide a method for fabricating an MOS memory cell,
which memory cell includes a storage device having a
thin tunnel dielectric formed from a material character-
istically exhibiting a low potential barrier to the trans-
port of charge carriers therethrough.

It is still a further object of the present invention to
provide a method for fabricating an MOS memory cell
including the steps of constructing a memory cell stor-
age device having vertically-aligned doped polycrystal-
line silicon gates insulated from one another by an inter-
poly oxide grown in a manner such that out-diffusion of
dopant from the lower doped polycrystalline silicon
gate is prevented.

It is an object of the present invention to provide a
method for fabricating an MOS memory array wherein
the memory array includes paired, mirror-image mem-
ory cells having storage devices and selection devices
electrically connectable to peripheral devices, at least
some of which peripheral devices are formed with high
breakdown voltages.

These and other objects of the present invention are
achieved by a method of fabricating MOS memory cells
on a semiconductor substrate, the method resulting in
the construction of memory cell storage devices which
may be electrically programmed and electrically
erased. Memory cell selection devices and selected
peripheral devices may be constructed together with
the memory cell storage devices. The method includes
the steps of forming gate oxides over active channel
regions associated with each storage device, implanting
impurities in the semiconductor substrate to define a
substrate tunneling region for each storage device, and
then growing an oxide layer of 50 A to 150 A over the
tunneling region to define a thin tunnel dielectric for
each storage device. All of the thin tunnel dielectrics so
defined are preferably annealed in ammonia, where-
upon at least a portion of the oxide in the thin tunnel
dielectrics is converted to an oxynitride material which
exhibits a relatively low potential barrier to charge
carriers tunneling through the dielectrics. A first con-
ductive layer of doped polycrystalline silicon is depos-
ited over the gate oxides and thin tunnel dielectrics and
etched to define large polysilicon areas. An intermedi-
ate oxide layer is grown over the large polysilicon areas
as well as the remainder of the substrate during a two-
temperature baking process which “caps” the large
polysilicon areas to prevent out-diffusion of the impu-
rity present therein. A second conductive layer of poly-
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crystalline silicon is subsequently deposited over the
intermediate oxide layer. Using a first photoresist mask,
the second conductive layer is etched to provide pro-
gram gates for the memory cell storage devices and
control gates for the memory cell selection devices and
peripheral devices. Exposed areas of the intermediate
oxide layer are then etched away in alignment with the
first photoresist mask to define the interpoly oxides for
the memory cell storage devices and the gate oxides for
the memory cell selection devices. Those portions of
the large polysilicon areas uncovered by the etch of the
intermediate oxide layer are also removed via etching
techniques, whereupon the remaining portions of the
large polysilicon areas define floating gates for the
memory cell storage devices. A second photoresist
mask may, if desired, be employed during the etching of
the large polysilicon areas to protect the surface of the
substrate surrounding the peripheral devices from dam-
age. Alternately, the substrate surface may be protected
from damage by performing the large polysilicon area
etch with an etching technique which discriminates
between the doped polycrystalline silicon material in
the large polysilicon areas and the undoped silicon sub-
strate. An oxide dip-out is performed on the portions of
the initial oxide layer uncovered during the large
polysilicon area etch to define gate oxides for the stor-
age devices. The oxide dipout additionally removes the
remaining exposed portions of the intermediate oxide
layer to define the peripheral device gate oxides. An
impurity is thereafter implanted in the substrate to form
self-aligned source and drain regions for the memory
cell storage and selection devices and the peripheral
devices. A high voltage phosphorous implant at the
source and drain regions of selected peripheral devices
may be used to increase the breakdown voltage of the
selected peripheral devices. Finally, various oxidation
and contact metallization steps are carried out to com-
plete the fabrication of the memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

The various features, objects and advantages of the
present invention will become more apparent upon
consideration of the following Brief Description of the
Drawings and Best Mode for Carrying Out the Inven-
tion, wherein:

FIG. 1 is a perspective cross-section of a single mem-
ory cell constructed in accordance with the present
invention, showing both the memory cell storage de-
vice and the memory cell selection device; and

FIG. 2 is a top view of a pair of memory cells formed
in mirror-image fashion.

The remaining figures provide cross-sectional views
of the various steps involved in fabricating an MOS
memory array. The memory array includes the paired,
mirror-image memory cells of FIG. 2 together with
representative peripheral devices. Those cross-sectional
views having an A designator affixed thereto are taken
along line A—A of FIG. 2, while those cross-sectional
views having B and C designators affixed thereto are
respectively taken along lines B—B and C—C of FIG.
2. More particularly,

FIGS. 3A, 3B, and 4A-4C illustrate the front-end
processing steps of the present invention;

FIGS. 5A and 5B depict the formation of the storage
device tunneling regions;

FIGS. 6A and 6B illustrate the steps of forming the
storage device tunnel dielectrics;
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FIG. 7 is a close-up view of one of the tunnel dielec-
trics formed in FIGS. 6A and 6B;

FIGS. 8A-8C illustrate steps for depositing a first
polycrystalline silicon layer over the surface of the
memory array substrate;

FIGS. 9A and 9B depict a method for etching the
first polycrystalline silicon layer to define large polysili-
con areas;

FIGS. 10A-10C, 11A and 11B illustrate the process-
ing steps involved in preparing channel regions for
peripheral depletion-mode devices;

FIGS. 12A and 12B depict the growth of an interme-
diate oxide layer over the surface of the memory array
sub- strate;

FIGS. 13A-13C illustrate the processing steps in-
volved in preparing channel regions for peripheral en-
hancement-mode devices;

FIGS. 14A and 14B show the processing steps uti-
lized to etch the intermediate oxide layer in preparation
for the formation of buried contact regions;

FIGS. 15A and 15B depict the step of depositing a
second polycrystalline silicon layer over the intermedi-
ate oxide layer;

FIGS. 16A-16C, 17, 18, and 19A-19C illustrate the
processing steps involved in etching the second poly-
crystalline silicon layer, the large polysilicon areas, and
the intermediate oxide layer to define various control,
program and floating gates;

FIGS. 20A-20C depict the source/drain implant step
whereby self-aligned source and/or drain regions are
created using the various peripheral and memory cell
selection device control gates and the memory cell
storage device program gates as masks;

FIGS. 21A and 21B illustrate a high voltage phos-
phorous implant step designed to increase the break-
down voltage of selected peripheral devices; and

FIGS. 22A and 22B depict the oxidation and metalli-
zation steps employed to complete the fabrication of the
memory array.

BEST MODE FOR CARRYING OUT THE
INVENTION

The method of the present invention is utilized to
fabricate an MOS memory array having one or more
memory cells 2 such as those illustrated in FIGS. 1 and
2. FIG. 1 specifically provides a perspective cross-sec-
tional view of a single memory cell, and FIG. 2 shows
a preferred layout for a pair of mirror-image memory
cells, each of which memory cells is identical to the
memory cell 2 of FIG. 1. Memory cell 2 comprises a
storage device 4 and a sensing device 6 both con-
structed on a p-type substrate 8 of monocrystalline sili-
con or the like. Storage device 4 is an electrically pro-
grammable and electrically-erasable semiconductor
structure divided into sensing and programming sec-
tions 10 and 12. The storage device includes first and
second electrically conductive strips 14 and 16 sepa-
rated by an interpoly oxide 18. The programming sec-
tion 12 of storage device 4 includes a floating gate por-
tion 14R of first conductive strip 14 and a program gate
portion 16R of second conductive strip 16 disposed
over an active tunneling region 20 in the substrate such
that floating gate portion 14R is separated from tunnel-
ing region 20 by a thin tunnel dielectric 22 formed from
silicon dioxide/oxynitride (SiO2-SixO,N;) material.
When a suitable potential is applied to the program gate
portion 16R of second conductive strip 16, charge carri-
ers are tunneled from the substrate tunneling region 20






