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and fabricated on a common semiconductor fabrication line.
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FABRICATION OF AN EEPROM CELL WITH SIGE
SOURCE/DRAIN REGIONS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a divisional of pending U.S. patent appli-
cation Ser. No. 10/887,990, filed Jul. 9, 2004.

TECHNICAL FIELD

[0002] The present intention relates to integrated circuit
fabrication. More specifically, the present invention relates
to an apparatus and method of fabrication of electrically
programmable storage cells with source/drain diffusions that
allow high level programming voltages.

BACKGROUND ART

[0003] Semiconductor memory devices are typically clas-
sified into volatile memory devices and non-volatile
memory devices. Volatile memory devices are subdivided
into dynamic random access memories (DRAMs) and static
random access memories (SRAMs). Non-volatile memory
types include mask read-only memories (MROMs), pro-
grammable read-only memories (PROMs), erasable pro-
grammable read-only memories (EPROMS), and electri-
cally erasable programmable read-only memories
(EEPROMs). Additionally, flash EEPROMs are advanta-
geous as mass storage devices because their integration
density is high compared with conventional EEPROMs.

[0004] Non-volatile semiconductor memories have
attained broad utilization due to an ability to retain data
within a device, even after power has been suspended.
EEPROMs are non-volatile semiconductor memories that
posses these abilities and additionally are able to store data
by electrically erasing and writing storage, devices. This
programming process can be repeated over hundreds and
thousands of cycles.

[0005] Frequently, it would be convenient to be able to
mix integrated circuit device types, such as EEPROMs with
other memory devices or bipolar and MOSFET (BiCMOS)
circuits onto a single integrated circuit chip. However due to
the inherently low breakdown voltage (approximately 10
volts or less) of the typical wells used in these devices and
the need for a high programming voltage of a flash memory
device (approximately 11 to 15 volts), there has been no
simple and economical way to integrate these two device
types into a single integrated circuit.

DISCLOSURE OF INVENTION

[0006] The present invention relates to an EEPROM
memory cell that uses a silicon-germanium/silicon (SiGe/Si)
film or alternatively, a SiGe/Si film in combination with an
emitter polysilicon (Epoly) film for fabricating shallow
CMOS source/drain regions or bipolar emitter regions to
increase a breakdown voltage of the wells. The source/drain
and emitter regions are fabricated to be approximately 100
nanometers (nm) or 0.1 micrometers (um) in depth with a
breakdown voltage with respect to a well of approximately
14 volts or more. Typical dopant concentrations for an
n-type lightly doped diffusion (NLDD) is 1E17/cm’, for a
p-type lightly doped diffusion (PLDD) is 1E18/cm?, and for
a buried n*dopant region (BN*) is 5E17/cm®. A typical well
depth is approximately 3 pm.
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[0007] Within a combined Bipolar-Complementary Metal
Oxide Semiconductor (BiCMOS) process, conventional
source/drain diffusions are relatively deep, approximately
0.2 micrometers. This depth of source/drain diffusions
means less separation is available for depletion layer isola-
tion from the well than that provided by the shallow source/
drain diffused regions of the present invention. A typical
breakdown voltage of a well in a BiCMOS process is
approximately 10 volts. Due to the increased breakdown
voltage achieved with the present invention, EEPROM
memory cells can be produced in wells used in the BICMOS
process.

[0008] The present invention is a method of fabricating an
integrated circuit by producing an n-well into an uppermost
surface of a semiconductor substrate, doping a source
dopant region and a drain dopant region, and doping a
combination drain/source dopant region. The well and
doped regions are all fabricated within an uppermost surface
of the semiconducting substrate. The drain and source
dopant regions, and the combination drain/source dopant
region are all doped with acceptor sites. A portion of a gate
region is also doped to have a higher concentration of
acceptor sites than either of the drain or source dopant
regions or the combination drain/source region. The gate
region is doped to be electrically coupled to the drain region
in order to facilitate programming of the memory transistor
of the EEPROM cell. Silicon-germanium and then polysili-
con are deposited over the source dopant region and the
drain dopant region to form epitaxial silicon-germanium/
silicon regions. The silicon-germanium/silicon regions are
fabricated with a higher acceptor concentration that either
the drain or the source dopant regions or the combination
drain/source region. At least one, PMOS transistor is fabri-
cated from the source and combination drain/source dopant
regions and the PMOS transistor is configured to serve as a
select transistor in a memory cell. At least one additional
PMOS transistor is fabricated from the drain and the com-
bination drain/source dopant regions, with the additional
PMOS transistor configured to serve as a memory transistor
in the memory cell.

[0009] Additionally, the present invention is also a method
of fabrication of an EEPROM cell having PMOS and
NMOS transistors that have similar benefits to those of the
at least two PMOS transistor version described supra. In a
manner similar to that described supra, an integrated circuit
is fabricated by producing an n-well into a portion of an
uppermost surface of a semiconductor substrate. Addition-
ally, a p-well is produced into at least a portion of the
remaining extent of the uppermost surface of the semicon-
ductor substrate. Doping a first source dopant, region and a
first drain dopant region in the n-well forms a select tran-
sistor. Doping a second source dopant region and a second
drain dopant region in the p-well forms a memory transistor.
The first dopant regions are acceptor sites and the second
dopant regions are donor sites. A portion of a gate region
within the p-well is also doped. The gate region has a higher
concentration of donor sites than either the second drain or
the second source region. The gate region is doped to be
electrically coupled to the second drain region in order to
facilitate programming of the memory transistor of the
EEPROM cell.

[0010] The present invention is also an electronic inte-
grated circuit fabricated onto a single integrated circuit chip.



US 2006/0244073 Al

The integrated circuit chip includes a first field effect tran-
sistor (FET) configured as a select transistor, a second FET
configured to operate as a memory transistor and coupled to
the first transistor, and at least one NPN or PNP transistor.
The second FET is configured to have a programming
voltage of about 9 to 15 volts. For a PMOS memory
transistor with a PMOS select transistor, the programming
voltage is about 12 to 15 volts. For an NMOS memory
transistor with a PMOS select transistor, the programming
voltage is about 9 to 11 volts. The first FET and the second
FET are configured to operate as an EEPROM cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 shows a cross-section of a PMOS-PMOS
EEPROM storage cell with SiGe film application windows
exposed.

[0012] FIG. 2 shows a cross-section of a PMOS-PMOS
EEPROM storage cell with SiGe film applied.

[0013] FIG. 3 shows a cross-section of a PMOS-PMOS
EEPROM storage cell with SiGe film wherein the SiGe film
is doped with a high concentration of boron.

[0014] FIG. 4 shows a cross-section of a PMOS-PMOS
EEPROM storage cell with SiGe film and boron diffused
into source/drain regions and metal contacts applied.

[0015] FIG. 5 shows a cross-section of a PMOS-NMOS
EEPROM storage cell with film application windows
exposed.

[0016] FIG. 6 shows a cross-section of a PMOS-NMOS
EEPROM storage cell with SiGe film application in a PMOS
select device and an NMOS storage device utilizing standard
n-type source/drain region diffusions.

[0017] FIG. 7 shows a cross-section of a PMOS-NMOS
EEPROM storage cell with SiGe film application in a PMOS
select device and an NMOS storage device utilizing n-Epoly
source/drain regions.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0018] An electronic memory device of the present inven-
tion has source/drain junctions with a relatively high (e.g.
about 14 volts or approximately 12-15 volts) breakdown
voltage with respect to a well for a PMOS-PMOS type
memory cell. The breakdown voltage of a well on a typical
bipolar process is only about 10 volts. A lower well break-
down voltage is attributed to a deep (e.g., approximately 200
nm or greater (0.2 pm)) source/drain doped region. For a
PMOS select device and an NMOS memory device a
programming voltage of approximately 9-11 volts is pro-
duced. Using a silicon-germanium/silicon film of the present
invention to fabricate source/drain regions of an MOS
device results in shallow junctions and a resulting higher
breakdown voltage. Therefore, the high breakdown voltage
allows the present invention to be fabricated in an integrated
CMOS/Bipolar (i.e., BiCMOS) line, allowing both
EEPROM and BiCMOS devices to be formed in an inte-
grated circuit.

[0019] With respect to FIGS. 1-7, exemplary embodi-
ments of the present invention are described according to the
following process steps. FIG. 1 includes a cross-section 100
of doped regions used to create electronic device structures
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such as an EEPROM cell and an NPN transistor. FIG. 1
further includes a base substrate 105, a doped n-well 110, a
lightly doped memory transistor drain doped region 124, a
memory transistor gate doped region 125, a lightly-doped
drain/source doped region 122, and a lightly-doped select
transistor source doped region 120. Processes well known to
one of skill in the art form all doped regions. Alternatively,
the n-well 110 may be an epitaxial deposition layer with
n-type doping.

[0020] The base substrate 105 is frequently a silicon
wafer. In this embodiment, the silicon wafer contains a
p-type dopant. Alternatively, another elemental group IV
semiconductor or compound semiconductor (e.g., groups
1II-V or II-VI) may be selected for base substrate 105. For
a p-type silicon base substrate 105, the epitaxial deposition
layer and an implant form an n-well 110 containing a
donor-type dopant. The memory transistor drain doped
region 124 and the drain/source doped region 122 are
implanted with a p-type dopant and the memory transistor
gate doped region 125 is a buried p-type (p+). The memory
transistor gate doped region 125 is used to form a bottom
plate of a coupling capacitor and a heavily-doped region for
an overlying tunnel diode window (TDW), discussed in
more detail infra.

[0021] In a specific exemplary embodiment, the memory
drain doped region 124, the memory gate doped region 125,
the drain/source doped region 122, and the select source
doped region 120 are all produced by an ion implantation
step followed by a drive-in step (e.g., by rapid thermal
annealing (RTA)) to have a junction depth of approximately
100 nm (0.1 pm).

[0022] FIG. 1 further includes a cross-section of a film
stack applied over the dopant regions. The film stack
includes a gate oxide layer 161, a tunnel diode window
(TDW) 135, a memory transistor gate polysilicon layer 130
and a select transistor gate poly silicon layer 140. The gate
oxide layer 161 is either thermally grown or deposited, for
example, by chemical vapor deposition (CVD). After the
gate oxide layer 161 is grown or deposited, and prior to
deposition of the polysilicon layer 130, an opening is made
in the gate oxide layer 161 to form, inter alia, the TDW 135.
The opening is made by applying a photoresist layer (not
shown), photolithographically exposing the photoresist
layer, and developing and etching the photoresist layer to
form an etch mask for the TDW 135. Subsequently, the
TDW 135 may be etched through various etching tech-
niques, such as a wet etch (e.g., a hydrofluoric acid etch,
such as contained in a standard buffered oxide etch, or
orthophosphoric acid) or dry etch (e.g., reactive-ion etch
(RIE)) techniques. A brief thermal oxidation step is per-
formed to grow a thin tunnel oxide of the TDW 135.

[0023] 1Ina specific exemplary embodiment, the gate oxide
layer 161 is thermally grown and is 18 nm-20 nm (180
A-200 A) thick and the oxide of the TDW 135 is 7 nm (70
A) thick.

[0024] With further reference to FIG. 1, the polysilicon
layer is patterned by exposing, developing, and etching an
overlaying photoresist layer (not shown), and etching the
polysilicon layer; techniques well known to one skilled in
the art. After etching, the polysilicon layer forms a memory
transistor gate polysilicon area 130 and a select transistor
gate polysilicon area 140.



US 2006/0244073 Al

[0025] A nitride layer (not shown) is deposited over the
memory transistor gate polysilicon area 130 and the select
transistor gate polysilicon area 140. The nitride layer is
patterned and dry etched (e.g., by RIE) forming nitride
spacers 115 surrounding the gate polysilicon areas 130 and
140. Depending on a selectivity of an etchant chosen for use
in the, RIE process, there may be some over-etching of the
nitride layer and into the gate oxide layer 161. If the process
contemplates integrated CMOS/Bipolar technologies, dis-
cussed supra, formation of the nitride spacers 115 ends the
CMOS process steps.

[0026] The bipolar device formation process begins with a
depositions of a CVD oxide 160 and a second polysilicon
layer 165. A photoresist layer (not shown) overlaying the
CVD oxide 160 and the second polysilicon layer 165, is
exposed, developed, and etched. The etched photoresist
layer serves as an etch mask for etching the CVD oxide 160
and the second polysilicon layer 165, producing silicon-
germanium (SiGe) windows 155.

[0027] With reverence to FIG. 2, a SiGe/Si film 205 is
deposited into the SiGe windows (i.e., over the memory
transistor drain doped region 124 and the select transistor
source doped region 120 (FIG. 1)) and onto surrounding
regions.

[0028] With regard to FIG. 3, the SiGe/Si film 205 is
doped, for example, with boron, producing a doped SiGe/Si
film 305. The doping is followed by applying an additional
photoresist layer (not shown). Photolithographic exposure,
development, and etching of the photoresist and underlying
SiGe/Si film 305 produces, inter alia, the source/drain con-
tact regions 457 (FIG. 4) for the memory and select devices.

[0029] With regard to FIG. 4, the boron implant film 305
is etched and forms a shallow doped region 437 within the
source/drain contact dopant regions 457. These shallow
doped regions have an acceptor concentration higher than
that of the surrounding doping of the drain doped region 124
and the source doped region 120. This high acceptor con-
centration at a shallow depth produces a characteristic of
high breakdown voltage with respect to the well of the
present invention. This is accomplished by the shallow
doping of high concentration 437 at each contact dopant
region 457 allowing greater separation for forming a deple-
tion layer isolation from the doped n-well 110.

[0030] With further reference to FIG. 4, metallic contacts
467 are formed to couple to the source/drain contact regions
457. Processes well known to a skilled artisan form the
metallic contacts 467. The processes briefly involve, for
example, depositing a CVD dielectric layer over the existing
structures, patterning and etching vias in the dielectric (one
above each source/drain contact region 457), depositing a
titanium nitride (TiN) or titanium (Ti) liner on interior walls
of'the via, and depositing a tungsten (W) or copper (Cu) plug
within each lined via.

[0031] With regard to FIG. 5 an EEPROM memory cell
has a PMOS transistor 501 used as a select device and an
NMOS transistor 503 as a memory device. The PMOS
transistor is formed from a polysilicon gate 530 along with
a doped source region 520) and a doped drain region 522
within an n-well region 510. The n-well region is applied
upon an epitaxially layer (not shown) which is grown upon
a lightly doped (e.g., 7El4/cm’, p-type) semiconductor
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substrate 505 material. The NMOS transistor 503 resides
within a p-type well (p-well) 513 and is isolated from the
n-well 510 and the PMOS transistor. A shallow trench
isolation (STI) structure 555 is used for this electrical
separation.

[0032] The NMOS transistor 503 formation of the
memory device is similar to the PMOS formation of a
memory transistor described supra. Briefly, the structure of
the NMOS memory transistor 503 is a source doped region
525, a drain doped region 523, a gate doped region 528
coupled to the drain doped region 523 forming a bottom
plate of a TDW 538, a polysilicon gate 533, a gate oxide 561,
and nitride spacers 518 surrounding the polysilicon gate
533.

[0033] Similar to the fabrication of the PMOS-PMOS
EEPROM cell (FIGS. 1-4), described supra, the PMOS-
NMOS structure is covered with a film of CVD oxide 560
and a second polysilicon layer 565. A photoresist layer (not
shown) overlaying the CVD oxide 560 and the second
polysilicon layer 565, is exposed, developed, and etched.
The etched photoresist layer servers as an etch mask for
etching the CVD oxide 560 and the second polysilicon layer
565, producing a first SiGe window 556 for the PMOS
transistor 501 and a second SiGe window 558 over the
NMOS memory transistor 503 for either a SiGe film or an
emitter polysilicon film, to be described infra.

[0034] With reference to FIG. 6, an exemplary embodi-
ment of a PMOS-NMOS EEPROM storage cell has SiGe
windows 556, 558 (FIG. 5) deposited with a SiGe/Si film.
The PMOS transistor 501 is doped with a high concentration
of p-type material, for example boron, into the source region
648 and drain region 647. The NMOS transistor 503 is
doped with a high concentration of n-type material, for
example arsenic, into the source region 658 and drain region
657. As with the PMOS-PMOS embodiment (FIGS. 1-4),
discussed supra, a shallow high concentration region 653 is
formed within the source/drain doped regions 647, 648, 657,
and, 658, which comes from the high concentration dopants,
of the applied films (not shown). This high concentration at
a shallow depth produces the characteristic of high break-
down voltage with respect to the wells 510, 513 of the
present invention.

[0035] Inreference to FIG. 7, another exemplary embodi-
ment of a PMOS-NMOS EEPROM storage cell has the SiGe
windows 556 (FIG. 5) deposited with a SiGe/Si film. The
PMOS transistor 501 is doped with a high concentration of
p-type material, for example boron, over the source region
648 and drain region 647. The windows over the NMOS
source/drain 558 (FIG. 5) are e-poly windows wherein an
emitter polysilicon film (not shown) is applied and doped,
for example, with a high concentration of arsenic, followed
by applying an additional photoresist layer (not shown). A
shallow high concentration region 753 is formed within the
source/drain doped regions 647, 648, 757, and 758, which
comes from the high concentration dopants of the applied
films. This high concentration at a shallow depth produces
the characteristic of high breakdown voltage with respect to
the wells 510, 513 of thee present invention. Photolitho-
graphic exposure, development, and etching of the photo-
resist and underlying emitter polysilicon film produces, inter
alia, the source contact region 758 and the drain contact
region 757 of the NMOS transistor 503.
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[0036] Metallization steps (not shown), known to one of
skill in the art, will provide actual connection terminals in
later process steps for the CMOS and bipolar devices.
Following the completion of major processing steps refer-
enced in FIGS. 4, 6, and 7, techniques well known to a
skilled artisan are used to perform, for example, additional
metallization, electronic-test, and packaging steps to com-
plete the semiconductor memory cell device and one or
more bipolar devices. Bipolar devices, for example, are
formed by stacking SiGe and emitter poly films over an
n-well region. The SiGe and emitter poly films form the base
and emitter, respectively. An n-well region forms the col-
lector of an npn device, for instance.

[0037] Although process steps and techniques are shown
and described in some detail, a skilled artisan will recognize
that other techniques and methods may be utilized which are
still included within a scope of the present invention. For
example, there are frequently several techniques used for
depositing a film layer (e.g., chemical vapor deposition)
plasma-enhanced vapor deposition, epitaxial deposition,
atomic layer depositions, etc.). Although not all techniques
are amenable to all film types described herein, one skilled
in the art will recognize that multiple methods for depositing
a given layer and/or film type may be used. Additionally,
various techniques may be used to dope regions in a semi-
conductor. Although implantation has been described in the
exemplary embodiments, one skilled in the art realizes that
other doping procedures, such as diffusion, could be substi-
tuted or combined with the implantation procedures
described herein. Further, the overall layout has been
described in terms of horizontally disposed CMOS and
bipolar devices. However, a skilled artisan will recognize the
present invention disclosed is readily applicable to a forma-
tion of vertically disposed devices as well. Therefore, the
scope of the present invention shall only be limited by a
scope of the appended claims.

What is claimed is:
1. An electronic integrated circuit comprising:

a first PMOS transistor configured to control an operation
of a memory transistor;

a second PMOS transistor configured to operate as a
memory transistor with a floating programming gate
and coupled to the first PMOS transistor, the second
PMOS transistor configured to have a programming
voltage from 12 to 15 volts, the first PMOS transistor
and the second PMOS transistor configured to operate
as an EEPROM cell; and

at least one bipolar device, the at least one bipolar device
being in electrical communication with the select tran-
sistor and the memory transistor and configured to have
a breakdown voltage greater than or equal to the
programming voltage of the NMOS transistor.

2. The electronic integrated circuit of claim 1, wherein the
first PMOS transistor comprises a source dopant region and
a combination drain/source dopant region, wherein all the
dopant regions are doped to a depth of about 100 nm.
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3. The electronic, integrated circuit of claim 1, wherein
the second PMOS transistor comprises a combination drain/
source dopant region, a gate dopant region, and a drain
dopant region that are all doped to a depth of about 100 nm,
the second PMOS transistor further comprises a floating
programming gate located in proximity to the gate dopant
region.

4. The electronic integrated circuit of claim 3, wherein the
gate dopant region is coupled to the drain dopant region.

5. The electronic integrated circuit of claim 1, wherein the
second PMOS transistor further comprises a tunnel diode
window.

6. The electronic integrated circuit of claim 5, wherein an
oxide in the tunnel diode window is about 7 nm thick.

7. An electronic integrated circuit comprising:

a PMOS transistor configured to control an operation of a
memory transistor;

an NMOS transistor configured to operate as a memory
transistor with a floating programming gate and
coupled to the PMOS transistor, the NMOS transistor
configured to have a programming voltage of 9 to 11
volts, the PMOS transistor and the NMOS transistor
configured to operate as an EEPROM cell; and

at least one bipolar device, the at least one bipolar device
being in electrical communication with the select tran-
sistor and the memory transistor and configured to have
a breakdown voltage greater than or equal to the
programming voltage of the NMOS transistor.

8. The electronic integrated circuit of claim 7, wherein the
PMOS transistor comprises a PMOS drain dopant region
and a PMOS source dopant region, which are all doped to a
depth of about 100 nm.

9. The electronic integrated circuit of claim 7, wherein the
NMOS transistor comprises an NMOS drain dopant region,
an NMOS gate dopant region, and an NMOS source dopant
region, wherein all the dopant regions are doped to a depth
of about 100 nm, the NMOS transistor further comprises a
floating programming gate located in proximity to the gate
dopant region.

10. The electronic integrated circuit of claim 9, wherein
the gate dopant region is coupled to the second drain dopant
region.

11. The electronic integrated circuit of claim 7, wherein
the PMOS transistor comprises a first drain dopant region
and a first source dopant region, the NMOS transistor
comprises a second drain dopant region, a gate dopant
region, and a second source dopant region, wherein the first
drain dopant region is coupled to the second drain dopant
region, the PMOS transistor and the NMOS transistor con-
figured to operate as an EEPROM cell.

12. The electronic integrated circuit of claim 7, wherein
the NMOS transistor further comprises a tunnel diode win-
dow.

13. The electronic integrated circuit of claim 12, wherein
an oxide in the tunnel diode window is about 7 nm thick.



