
EEPROM CELL CROSS-REFERENCE [00011This application is concurrently filed with US Patent
Application Number 12/888,431 entitled "EEPROM Cell" (Attorney Docket Number CSM P 2010 NAT
28 US 0), and US Patent Application Number 12/888,434 entitled "Dielectric Stack" (Attorney Docket
Number CSM P 2010 NAT 29 US 0), which are herein incorporated by reference for all purposes.
BACKGROUND 100021Non-volatile memory (NVM) circuits, such as electrically erasable
programmable read-only memory (EEPROM) circuits have achieved widespread adoptions for code
and data storage applications. An important aspect of NIIM circuits is their perfoiiiiance, which includes
endurance (number of programming or write/erase cycles) and data retention after write/erase cycling.
Within the industry, the performance of NVM technology has been characterized extensively.
Generally, the NYM circuits should be able to endure over 100 thousand to 1 million programming
cycles with data retention exceeding 20 years, even at extreme ambient temperatures. [00031Memory
operations, such as programming and erasing, may involve, fin- example, charging or discharging
electrons from a floating gate of a NVM cell. The charging and discharging of electrons may be
achieved by hot carrier injection (1-ICI) or Eowler-Nordheirri (EN) tunneling. WWIIt is desirable to
provide a memory cell with improved data retention. 



SUMMARY 100051A method of forming a device is disclosed. The method includes providing a
substrate prepared with a cell area and forming first and second gates of first and second transistors
in. the cell area. The first gate includes a second sub-gate surrounding a first sub-gate. The first and
second sub-gates of the first gate are separated by a first intergate dielectric layer.  The second gate
includes a second sub-gate surrounding a first sub-gate. The first and second sub-gates of the second
gate are separated by a second intergate dielectric layer. The method also includes forming fast and
second junctions of the first and second transistors. A first gate terminal is formed and coupled to the
second sub-gate of the first transistor. A second gate terminal is formed and coupled to at least the
first sub-gate of the second transistor. [00061A device is also presented. The device includes a cell
having first and second transistors coupled in series. The first and second transistors are disposed
between first and second cell terminals. The first transistor includes a first gate with a second sub-gate
surrounding a first sub-gate. The first and second sub-gates of the first gate are separated by a first
intemate dielectric layer. The second transistor includes a second gate with a second sub-gate
surrounding a first sub-gate. The first and second sub-gates of the cond gate are eparated by a
second intergate dielectric layer. The device also includes a first gate terminal  oupled to the second
sub-gate of the first gate and a second gate terminal coupled to at least the first sub-gate of the
second gate. 100071In another embodiment, a device is also disclosed. The device includes a cell
having first and second transistors. The first transistor includes a first gate between first and second
junctions of the first transistor. The first gate comprises first and second sub-gates. The second
sub-gate surrounds the first sub-gate. The first gate also in Aides a first intergate dielectric layer
separating the first and second sub-gates of the first gate. The first sub-gate of the first gate is
separated from the substrate by a first gate dielectric layer. The second transistor includes a second
gate between first and second junctions of the second transistor. The second gate includes first and
second sub-gates of the second gate. The second sub-gate surrounds the first sub-gate of the second
gate. The second gate also includes a second intergate dielectric layer separating tile first and second
sub-gates of the second gate. The firsub-gate of the second gate is separated from the substrate by a
second gate dielectric layer. The second junctions of  



the first and second transistors are coupled. The device also includes a first cell termin.al coupled to
the first junction of the first transistor, a second cell terminal coupled to the first junction of the second
transistor, a first gate terminal coupled to at least, the first sub-gate of the first transistor and a second
gate terminal coupled to the second sub-gate of the second transistor. 100081These and other
objects, along with advantages and features of the present invention herein disclosed, will become
apparent through reference to the following description and the accompanying drawings. Furthermore,
it is to be understood that the features of the various embodiments described herein are not mutually
exclusive and can exist in various combinations and permutations, BRIEF DESCRIPTION OF THE
DRAWINGS [0009]In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following drawings,
in which: [0010]Fig. la shows a schematic diagram ohm embodiment of a memory  cell; 100111Figs.
lb-c show cross-sectional views of embodiments of a memory cell.; 100121Fig. id shows a top view of
a portion of the memory cell of Fig, lc; and [0013]Figs, 2a-f show cross-sectional views of a process of
forming n. embodiment of a memory cell. 



DETAILED DESCRIPTION [0014]Embodiments generally relate to semiconductor devices, More
particularly, sonic embodiments relate to memory devices, such as non-volatile memory devices.
Such memory devices, for example, can be incorporated into standalone memory devices, such as
USB or other types of portable storage units, or ICs, such as mierocontrollers or system on chips
(SoCs). The  devices or [Cs can be incorporated into or used with, for example, consumer electronic
products, such as computers, cell phones, and personal digital assistants (PDAs). [00151Fig. in shows
a schematic diagram of an embodiment of a memory cell 100. The memory cell may comprise a
non-volatile memory cell. For example, the memory cell may be an erasable programmable read-only
memory (EPROM) cell, In one embodiment, the memory cell comprises an EPROM with a tunnel
oxide (ETOX) cell, Other types of memory cells may also he useful. 100161The memory cell,
inbodiment, comprises a first transistor 120 and a second transistor 140. The first transistor comprises
a first gate 125 between first and second transistor terminals 122 and 123. The first gate includes a
second sub-gate 129 surrounding a first sub-gate 127. The sub-gates are separated by an intergate
dielectric layer 160. A gate dielectric layer 150 separates the first gate from h channel of the first
transistor. As for the second transistor, it comprises a second gate 145 between first and second
transistor terminals 142 and 143. The second gate includes a second sub-gate 149 surrounding a first
sub-gate 147. The sub-gates are separated by an intergate dielectric layer 160. A gate dielectric layer
150 separates the second gate from the channel of the second transistor. [00171in one embodiment,
the transistors are configured in series between first and second 



cell terminals 116 and 118. For example, the first terminals of the first and second transistors are
commonly coupled while the second terminal of the first transistor is coupled to the first cell terminal
and the second terminal of file second transistor is coupled to the second cell terminal            first and
second gate terminals 184 and 186 are respectively coupled to first and second gates of the first and
second transistors. One of the first and second gate terminals is coupled to both the first and second
sub-gates of the gate and the other of the first and second gate terminals coupled to the second
sub-gate of the gate. In one embodiment, he other of the first and second gate terminals is coupled to
the second sub-gate and not the first sub-gate.  100181in accordance with one embodiment, the first
gate serves as a control or floating gate and the second gate serves as a select gate of the memory
cell. The first gate terminal is coupled to the second sub-gate of the first transistor and is coupled to a
control gate line. This produces a first gate of the first transistor which is floating. The second gate
temniaal is coupled to the first and second sub-gates of the second transistor and is coupled to a word
line. The first cell terminal is coupled to a billine 182 and the second cell terminal is coupled to a
source line 188. A well 115 is coupled to a well potential (not shown). in other embodiments, the
coupling of the terminals ma.y be arranged in other configurations. 100191Fig. lb shows a
cross-sectional view of an embodiment of a memory cell 100 as shown in Fig. 1 a. There is shown a
substrate 105 which includes a cell region 110, The cell region is isolated from other regions by
isolation regions 180. The isolation regions, for example, are shallow trench isolation (STI) regions.
Other types of isolation regions may also be employed. The cell region in one embodiment, includes a
doped well 115. The doped well comprises dopants of a second polarity type. 100201First and second
transistors 120 and 140 are disposed in the cell region. in one embodiment, the first transistor serves
as a control gate. The first transistor includes a first gate 125 disposed on the substrate. The first gate,
in one embodiment, includes first and second sub-gates 127 and 129. The sub-gates comprise, for
example, polysilicon. Forming sub-gates using other types of gate electrode matc.trials, such as
metals or metal-silicon compounds like meta silicides, may also he useful. It is understood that the first
and second sub-gates need not he formed from the same material. In one embodiment, the second
sub-gate surrounds the first sub-gate. 



100211An intergate dielectric layer 160 separates the first and second sub-gates. The intergate
dielectric layer, for example, may comprise a dielectric stack baying multiple dielectric layers. For
example, the dielectric stack may comprise an oxide-nitride-oxide (ONO) stack.  ONO stacks, for
example, are described in concurrently filed US Patent Application Number 12/888,434, titled
"Dielectric Stack' (Attorney Docket Number CSM P2010 NAT 29 US 0), which is herein incorporated
by reference for all purposes. Other types of inter gate dielectric layers or stacks may also be used.
For example, the intergate dielectric layer may comprise Si02 or multiple layers of Si02 with a layer
comprising 1-1t0" or Al203. Separating the bottom of the first gate from the substrate is a gate
dielectric layer 150. In one embodiment, the gate dielectric layer comprises thermal silicon oxide. The
gate dielectric layer may comprise two orre gate dielectric layers. Other types of gate dielectric layers
may also be used. [0022iDielectric spacers 156 may be optionally provided on sidewalls of the first
gate. For example, the spacers may be provided on sidcwalls of the second sub-gate. The spacers
may comprise silicon nitride. Other types of spacers may also be employed. For xample, the spacers
may include multiple spacers. A dielectric etch stop layer 181 may be provided on the surface of the
second sub-gate. The etch stop layer may comprise silicon nitride. Other types of etch stop materials
may also be used to form the etch stop layer. [0023]First and second doped regions 131 and 132 are
provided adjacent to the first gate. The first and second doped regions comprise dopants of a first
polarity type, which is the opposite of the second polarity type. The first and second doped regions
form source/drain (S/D) ditilision regions of die first transistor. The doped regions, for example, serve
as terminals of the first transistor. In one embodiment, the first and second doped regions include first
and second sub-portions 131a-b and 132a-b. The first sub-portions 131a and 132a are lightly doped
portions (e.g., x", where x may be the polarity type of dopants such as p or a) and the second
sub-portions 131b and 132b are heavily doped portions (e.g., xt). The tightly doped portions, for
example, comprise lightly doped drains (I.DD) or double diffused drains (DDD). The lightly doped
portions, for example, comprise lightly doped drains (LDDs) or double diffused drain (DDDs). In one
embodiment, the lightly doped portions comprise DDDs. The DDDs, for example,  



comprise a depth geater than the second sub-portions. For example, a second sub-portion is
encompassed within a ODD. In one embodiment, the first sub-portions extend beneath the second
sub-gate to the first sub-gate. As shown, inner edges of the first sub-portions of the doped regions are
about aligned with sidewalls of the first sub-gate. The second sub-portions are about alighed with the
outer edge of the spacers. In embodiments without spacers, the second sub-portions are about
aligned with the sidewalls of the second sub-gate. Other configurations of the doped regions may also
be useful. [0024]in ne embodiment, the implantation dosage of the lightly doped regions, such as
1,DOs or DDDs, is about E13 exn, and the implantation dosage of the heavily doped regions is about
E15 c 2. Providing the different doped regions with other dopant concentrations may also be useful.
[0025]As for the second transistor, it serves as a select gate. The second transistor includes a second
gate 145 disposed on the substrate. The second gate includes first and second sub-gates 147 and
149. The sub-gates comprise, for example, polysilicon. Forming sub-gates using other types of iliac
electrode materials, such as metals or metal-silicon compounds like metal suicides may also he useful.
It is understood that the first and second sub-gates need not be formed from the same material. In
accordance with one embodiment,the second sub-gate surrounds the first sub-gate. 100261An
intergate dielectric layer 160 separates the first and second sub-gates The imergate dielectric layer, for
exairipie, ma.y comprise a dielectric stack, such as an oxide-nitrideoxide (ONO) stack, Other types of
intergate dielectric layers may also be used. For example, the intergate dielectric layer may comprise
SiO) or a three-layer stack with one of the layers comprising lifOx or Al203. Separating the bottom of
the first gate from the substrate is a gate dielectric layer 150. in one embodiment, the gate dielectric
layer comprises thermal silicon  oxide. The gate dielectric layer may comprise two or more gate
dielectric a s. Other types of gate dielectric layers may also be used. 



100271Dielectric spacers 156 may be optionally provided on sidewalls of the second gate. For
example, the spacers may be provided on sidewalls of the second sub-gate. The spacers may
comprise silicon nitride. Other types of spacers may also be employed. F spacers may include multiple
spacers. A dielectric etch stop layer 181 may be provided on the surface of the second sub-gate. The
etch stop layer may comprise silicon 'hide. Other types of etch stop materials may also be used to form
the etch stop layer, [0028]First and second doped regions 131 and 133 are provided adjacent to the
second gate. The first and second doped regions comprise dopants of the first polarity type. The first
and second doped regions o S/D diffusion regions of the second transistor. The doped regions for
example, serve as terminals of the second transistor. The first doped region,for example, is a common
doped region to both the first and second transistors, In one embodiment, the first and second doped
regions include first and second sub-portions 131a-b and 133a-b. The first sub-portions 131a and
133a are lightly doped portions and the second sub-portions 131 b and I33b are heavily doped
portions. The lightly doped portions, for example, comprise lightly doped I,DDs or DDDs. In one
embodiment, the first sub-portions extend beneath the second sub-gate to the first sub-gate. As
shown, inner edges of the first sub-portions of the doped regions are about aligned with sidewalls of
the first sub-gate. The second sub-portions are about aligned with the outer edge of the spacers. In
embodiments without spacers, the second sub-portio are about aligned with the sidewalls of the
second sub-gate. Other configurations of the doped regions may also be useful. [0029]In one
embodiment, the second diffusion re.gion of the first transistor serves as the 1 terminal and the second
diffusion region of the second transistor serves as the second  cell terminal of the memory cell. The
gate of the first transistor serves as the first gate terminal and the gate of the second transistor serves
as the second gate terminal of the memory cell. 100301An interievel dielectric OLD) layer 190 may be
provided on the substrate coveting 



the transistor. The interlevel dielectric layer may serve as a premetal dielectric (PMD) layer. Various
materials may be used to form the PMD laver, for example, BPSG, PSG, HDP oxide, HARP, TEOS or
a combination thereof. Other materials may also he useful.. [00311Contacts are formed in the PMD
layer to provide connections to the different totmina's of the memory cell. The contacts, for example,
comprise a conductive material such as tungsten. Other types of conductive materials may also be
employed. A contact may include a contact liner. Various types of contact liners may be used. For
example, the contact liner may be titanium (Ti), titanium nitride TIN or a combination thereof. In some
embodiments, the liner comprises a composite liner comprising a combination of Ti and TiN, such as 'f
i/TiN or TiaiN/Ti. Other types of liners may also be employed. 100321En one embodiment, first and
second contacts 192 and 198 are provided in the PMD layer to couple to first and second cell
terminals. The first terminal is coupled to a bitline and the second terminal is coupled to a source line.
Third and fourth contacts 194 and 196 are provided in the PMD layer to couple to first and second gate
terminals. In one embodiment, the third contact is coupled to the second sub-gate of the first transistor
and the fourth contact is coupled to the first and second sub-gates of the second transistor. The first
gate terminal is coupled to a control gate line and the second gate terminal is coupled to a wordline.
Additional, the well is coupled to a well potential. 100331Table 1 shows exemplary bias conditions of
the different terminals for different operations of the memory cell. Providing other bias conditions for
operating the memory cell may also be useful.  Table I [0034]A plurality of memory cells can be
arranged to form a memory array. For example, 



the plurality of memory cells may be arranged in rows and columns. The memo ells, for example,
comprise memory cells 100 as described in Figs. la-b. A row corresponds to, for example, a wordline
(WL) and a column corresponds to a billine (BL) of the array. Control gate lines are also provided to
couple to the control gate terminal. [0035]h ws a cross-sectional view of another embodiment of a
memory cell 100. As shown, the memory cell 100 is similar to that described in Fig. lb except that the
fourth contact 196 is coupled to only the first sub-gate 147 of the second gate 145. This results in the
second sub-gate 149 of the second gate being floated. [00361In one embodiment, floating of the
second sub-gate can be achieved by patterning or removing a portion of the second sub-gate outside
of the active area to expose a portion: of the fast sub-gate, as shown ind For example,portion of the
second sub-gate adjacent to the channel and doped regions removed. Other techniques or
configurations to float the second sub-gate may also be employed, 100371Figs. 2a-g show
cross-sectional views of an embodiment of a process 200 for forming a device or IC. Referring to Fig.
2a, a substrate 105 is provided. The substrate can comprise a  silicon substrate, such as a lightly
p-type doped substrate. Other types of substrates, including silicon gel-anti um silicon-on-insulator
(S01), are also useful. 



100381As shown in Fig. 2a, a tnernory cell region 110 of the device is shown, However, it is
understood that the substrate may include various types of regions (not shown). For example, the
substrate may include other cell regions elan array region which memory cells are formed and logic
regions in which logic devices are formed. The logic regions, for example, may include regions for
devices, such as support devices for accessing the memory array. Additionally, the logic regions may
include other types of devices, depending on the type of IC formed, The logic region, for example, may
include regions for different voltage devices, For example, the logic region may include regions for
high voltage devices, medium voltage devices and low voltage devices. Other configurations of logic
regions may also be usethi, [0039]The cell region is separated from other regions by isolation regions
[80. The isolation regions comprise, for example, STIs. Various processes can be employed to form
the STI regions, For example, the substrate can be etched using etch and mask techniques to form
trenches which are then tilled with dielectric materials such as silicon oxide. Chemical mechanical
polishing (CMP) can be performed to remove excess oxide and provide a planar substrate top surface.
The S'fi regions can be formed, for example, prior to or after formation of doped wells. Other
processes or materials can ilso be used to form the STIs. In other embodiments, the isolation may be
other types of isolation regions. 100401A doped well 115 is formed in the cell region. The doped well
in one embodiment,  comprises dopants of a second polarity type. The depth of the doped well, for
example, may be about 10000- 25000 A. Providing doped wells of other depths may also be useful.
The doped well of the second polarity dopants is used to form first polarity type devices. In one
embodiment, the doped welt comprises a p-type doped well to form n-type devices, Alternatively, the
doped well comprises a n-type doped well to form p-type devices. The doped  well may he formed by
implanting appropriate dopams with the desired dose and power into the substrate. The dopant type,
dose and power may depend on the type of device to be formed. 100411in one embodiment, the
doped well comprises a p veil. The doped well may be formed by performing a chain of 3 implants at
different energies. For example, a first boron (B) implant is performed at a dose about E12 cni2 at an
energy level about 400 kali, a second B implant is performed at a dose about E12 crif2 at an energy
level about 150 keV and a third B implant is performed at a dose about E12 cnf2 at an energy level
about 20 keV. Other techniques for forming the doped well may also be employed. 



[0042]The substrate may include other types of device regions for supporting other types of devices.
For example, the substrate may include p-type and ti-type devices, such as high, medium and low
voltage p-type and n-type devices. Various types of n-type and p-type wells are provided for these
devices. The various wells may be formed by separate implantation processes using implant masks.
P-type dopants can include boron (B), aluminum (Al), indium (In) or a combination thereof,e n-type
dopants can include phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof 100431in
Fig. 2b, a dielectric layer 251 is formed on the surface ofsubstrate in he cell region. In one
embodiment, the dielectric layer serves as the gate dielectric layer for the transistors of the cell. The
dielectric layer, for example, comprises thermal silicon oxide. For example, the dielectric layer is
formed by annealing the substrate in an oxidizing ambient. For example, a wet oxidation is performed
at about 750 - 850 C followed by an anneal at about 900 - 1000 C. The thickness of the dielectric layer
is formed to an intermediate thickness. The thickness of the dielectric layer may be about 60- 90 A.
Other types of gate dielectric materials may also be useful. For example. the gate dielectric material
may comprise other types of gate dielectric materials and/or be knitted by other types of processes.
[0O44iA firstsub-gate electrode layer 221 is formed on the substrate over the gate dielectric layer. The
first sub-gate electrode layer comprises, in one embodiment, polysilicon. The first sub-gate electrode
layer can be formed. as an amorphous or non-amorphous layer. The first sub gate electrode may he
doped. Various techniques may he employed to dope the first sub-gate electrode, for example, insitu
doping or ion implantation. Providing an undoped first sub-gate electrode layer may also be useful.
Other types of gate electrode materials may also be useful. 'Me thickness of the first sub-gate
electrode layer may be about 800 3000 A. Other thicknesses may also be useful. To form the first
sub-gate electrode layer, techniques such as chemical vapor deposition (CVD), can be used. Other
techniques may also be useful. [0045]In Fig. 2c, the first sub-gate layer is patterned. In one
embodiment, the first sub-gate layer is patterned to form first sub-gates 127 and 147 of the first and
second transistors of the cell. In one embodiment, the dielectric layer beneath the first sub-gate layer
is also patterned. Techniques, such as mask and etch can be used. For example, a photoresist layer is
'formed over the gate layers and patterned, exposing portions of the first sub-gate layer. An
anisotropie etch, such as a RIE, is performed to remove exposed portions of the first sub-gate layer.
To improve lithographic resolution, an anti-reflective coating (ARC) can be provided beneath the
photoresist. Other techniques for patterning the first sub-gate layer may also be useful. For example, a
hard mask may be used to pattern the first sub-gate layer. 



100461Referring to Fig. 2d, first and second doped regions 1311 132 and 133 of the first and second
transistors are lei!nett The doped regions can be foimed by implanting first type doparas into the
substrate. In one embodiment, the doped regions can be self-aligned using the first sub-gates and
isolation regions as implant masks. in one embodiment, the first sub-portions 131a, 132a and 133a of
the first and second doped regions of the first and second transistors are formed. In one embodiment,
the first sub-portions are formed by ion implantation at a dose about El 3 cm '2 at an nergy level about
25 - 80 key-. The implant may be performed with a tilt  angle. The It angle may be, for example, up to
about 45. Performing the implant at other tilt angles, including performing un-tilted implants (e.g., at 0),
may also be useful. In the case of an n-type device, Ph dopants may be implanted. Other types of
dopants or implant parameters may also be useful. As shown a common first doped region is provided
thr the first and second transistors. 100471An intergate dielectric layer 261 is formed on the substrate.
The intergate dielectric layer covers the first sub-gates and substrate. In one embodiment, the
intergate dielectric layer comprises a dielectric stack, such as an ONO stack. Other types of intergate
dielectric layers and dielectric stacks may also be useful. The ONO stack comprises, for example, a
bottom oxide layer, a nitride laver and a top oxide layer. Various techniques may be employed to form
the dielectric stack. For example, the different layers of the dielectric stack may be formed by LPCVD.
Other techniques may also be useful. Such techniques, for example, may be described      currently
tiled US Patent Application Number 12/888,434, titled "Dielectric Stacks" (Attorney Docket Number
CSM P2010 NAT 29 US 0), which is already herein incorporated by reference for all purposes.
100481In Fig. 2e, a second sub-gate electrode layer 222 is deposited on the substrate, covering the
intergate dielectric layer. The second sub-gate layer, in one embodiment, comprises polysilico -1. The
second sub-gate electrode layer can be formed as an amorphous or non amorphous layer. The
second sub-gate electrode layer can be doped or undoped. Other types of gate electrode materials are
also useful. The thickness of the second sub-gate electrode layer is, for example, about 800 --- 2500
A. Other thicknesses are also useful. To form the second sub-gate electrode layer, techniques, such
as chemical vapor deposition (CVD), can be used. Other techniques are also useful. 



[00491Referring to Fig. 2f, the substrate is patterned to form first and second gates of the first and
second transistors 120 and 140 of the memory cell. For example, the second sub-gate  layer and inter
gate dielectric layer are patterned to form first and second cams of the first and second transistors.
Techniques, such as mask and etch, can be used to fonn the dual gate stacks. For example, a
photoresist layer is formed over the gate layers and patterned, exposing portions of the second
sub-gate layer. An amsotropie etch, such as a NE, is performed to remove exposed portions of the
second sub-gate layer. To improve lithographic resolution, an anti-reflective coating (ARC) can be
provided beneath the photoresist. Other techniques for pattuning the first second-gate layer may also
be usefid. For example, a hard mask may be used to pattern the second sub-gate layer. 100501The
process continues to form the device. For example, the additional processing can include removing the
mask layer and forming of the gate sidewall spacers 156. The gate sidewall spacers, for example,
comprise nitride. Other types of spacer materials may also be useful, To form sidewall spacers, a
spacer dielectric layer is deposited on the substrate. The spacers can be formed by using various
techniques, such as plasma enhanced chemical vapor deposition (PECVD). Other techniques to form
the spacer dielectric layer may also be useful. The spacer dielectric layer is subsequently
anisotropically etched, such as by PIE, to remove horizontal portions, leaving nonhorizontai portions
on the sidewalls as the spacers. A contact etch stop layer (not shown) may be formed on the substrate
after forming the spacers. 100511The process further continues to fruEk the second sub-portions of
doped regions of transistors, salicide contacts, FAIL) layer, contacts to the terminals of the cell and
one or more interconnect levels to couple the terminals, for example, control gate lines, wordlines,
source lines, and well potential as well as interconnections for other devices. Additional processes
may also include final passivation, dicing, assembly and packaging to complete the IC. Other
processes are also useful. For example, other components, such as low voltage, medium voltage, and
high voltage I10 devices can be formed prior to forming the interconnections. The memory cells can be
formed as a memory device or embedded into a part of ICs.  



[0052]The invention may be embodied in other specificfos without depart!ng from the spirit or essential
characteristics thereof. The foregoing embodiments, therefore, are to be considered in all respects
illustrative rather than limiting the invention described herein. Scope of the invention is thus indicated
by the appended claims, rather than by the foregoing description, and all changes that come within the
meaning and range of equivalency of the claims are intended to be embraced th  What is claimed is:
CLAIMS 1. A method of forming a device comprising: providing a substrate prepared with a cell area;
forming first and second gates of first and second transistors in the cell area, wherein       the first gate
includes a second sub-gate surrounding a first sub-gate, the first and second sub-gates of the first
gate are separated by a first intergate dielectric layer, and       the second gate includes a second
sub-gate surrounding a first sub-gate, the first and second sub-gates of the second gate are separated
by a second intergate dielectric layer; 



forming first and second junctions of the first and second transistors; forming a first gate terminal
coupled to the second sub-gate of the first transistor; and forming a second gate terminal coupled to at
least the first sub-gate of the second transistor. 2. The method of claim 1 comprises: forming a first cell
terminal coupled to the first junction of the first transistor; and forming a second cell terminal coupled
to the first junction of the second transistor. 3. The method of claim 2 wherein: the first transistor
serves as a control gate; the second transistor serves as a select gate; the first cell terminal is coupled
to the first transistor serves as a bitline; and the second gate terminal serves as a wordline.  
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What is claimed is: 

CLAIMS 

1. A method of forming a device comprising: 

 providing a substrate prepared with a cell area; 

  forming first and second gates of first and second transistors in the cell area, wherein  

the first gate includes a second sub-gate surrounding a first sub-gate, the 

first and second sub-gates of the first gate are separated by a first intergate 

dielectric layer, and 

the second gate includes a second sub-gate surrounding a first sub-gate, 

the first and second sub-gates of the second gate are separated by a second 

intergate dielectric layer; 

forming first and second junctions of the first and second transistors; 

forming a first gate terminal coupled to the second sub-gate of the first transistor; and 

forming a second gate terminal coupled to at least the first sub-gate of the second 

transistor. 

 

2. The method of claim 1 comprises: 

forming a first cell terminal coupled to the first junction of the first transistor; and 

forming a second cell terminal coupled to the first junction of the second transistor. 

 

3. The method of claim 2 wherein: 

the first transistor serves as a control gate; 

the second transistor serves as a select gate; 

the first cell terminal is coupled to the first transistor serves as a bitline; and 

the second gate terminal serves as a wordline.   

 

transistors comprises forming a common second junction of the first and second transistors. 5. The
method of claim 1 wherein: the first transistor serves as a control gate; the second transistor serves as
a select gate; a first cell terminal coupled to the first transistor serves as a bitline; and the second gate
terminal serves as a wordline. 6. The method of claim 1 wherein forming the first and second gates
comprises: forming a first sub-gate layer on the substrate; patterning the first sub-gate layer to form
first sub-gates of the first and second gates;       forming a common intergate dielectric layer on the
substrate covering the first sub-gates, the common intergate dielectric layer serves as the first and
second intergate dielectric layers of the first and second gates;       forming a second sub-gate layer on
the substrate over the common intergate dielectric layer; and       patterning the second sub-gate layer
to form the first and second gates, wherein the second sub-gates of the first and second gates wrap
around the first sub-gates of the first and second gates. 
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4. The method of claim 1 wherein forming the second junctions of the first and second 

transistors comprises forming a common second junction of the first and second transistors. 

 

5. The method of claim 1 wherein: 

the first transistor serves as a control gate; 

the second transistor serves as a select gate; 

a first cell terminal coupled to the first transistor serves as a bitline; and 

the second gate terminal serves as a wordline.   

 

6. The method of claim 1 wherein forming the first and second gates comprises: 

forming a first sub-gate layer on the substrate; 

patterning the first sub-gate layer to form first sub-gates of the first and second gates; 

forming a common intergate dielectric layer on the substrate covering the first sub-gates, 

the common intergate dielectric layer serves as the first and second intergate dielectric layers of 

the first and second gates; 

 forming a second sub-gate layer on the substrate over the common intergate dielectric 

layer; and 

 patterning the second sub-gate layer to form the first and second gates, wherein the 

second sub-gates of the first and second gates wrap around the first sub-gates of the first and 

second gates. 

 

7. The method of claim 6 wherein:  

the first and second junctions of the first and second transistors include a heavily doped 

portion and a lightly doped extension portion extending from the first gate to the second gate; 

and 

comprises 

7. The method of claim 6 wherein:       the first and second junctions of the first and second transistors
include a heavily doped portion and a lightly doped extension portion extending from the first gate to
the second gate; and comprises         forming the lightly doped extension portion of the first and
second junctions after forming the first sub-gates of the first and second gates, and       forming the
heavily doped portion of the first and second junctions after forming the second sub-gates of the first
and second gates.  8. The method of claim 7 wherein the second sub-gate surrounding the first
sub-gate of the first gate improves charge retention.  9. The method of claim 6 wherein patterning the
second sub-gate layer also forms gates of other transistors in the device.  10. The method of claim 1
wherein the intergate dielectric layer comprises an oxide-nitrideoxide stack.  11. The method of claim 1
wherein the first intergate dielectric layer comprises multiple dielectric layers. 



19 
 

forming the lightly doped extension portion of the first and second junctions  

after forming the first sub-gates of the first and second gates, and 

forming the heavily doped portion of the first and second junctions after  

forming the second sub-gates of the first and second gates. 

 

8. The method of claim 7 wherein the second sub-gate surrounding the first sub-gate of the 

first gate improves charge retention. 

 

9. The method of claim 6 wherein patterning the second sub-gate layer also forms gates of 

other transistors in the device.     

 

10. The method of claim 1 wherein the intergate dielectric layer comprises an oxide-nitride-

oxide stack. 

 

11. The method of claim 1 wherein the first intergate dielectric layer comprises multiple 

dielectric layers.   

 

12. The method of claim 1 wherein the second gate terminal is coupled to the first and 

second sub-gates of the second gate. 

 

13. The method of claim 1 wherein the second gate terminal is coupled to the first sub-gate 

of the second gate while the second sub-gate of the second gate is floated.   

 

14. The method of claim 1 wherein the device comprises a ETOX device. 

 

15. A method of forming a device comprising: 

12. The method of claim 1 wherein the second gate terminal is coupled to the first and second
sub-gates of the second gate.  13. The method of claim 1 wherein the second gate terminal is coupled
to the first sub-gate of the second gate while the second sub-gate of the second gate is floated.  14.
The method of claim 1 wherein the device comprises a ETOX device.  15. A method of forming a
device comprising:  providing a cell having first and second transistors coupled in series, wherein the
first and second transistors are disposed between first and second cell terminals, wherein       the first
transistor includes a first gate with a second sub-gate surrounding a first sub-gate, the first and second
sub-gates of the first gate are separated by a first intergate dielectric layer, and       the second
transistor includes a second gate with a second sub-gate surrounding a first sub-gate, the first and
second sub-gates of the second gate are separated by a second intergate dielectric layer; coupling a
first gate terminal to the second sub-gate of the first gate; and coupling a second gate terminal to at
least the first sub-gate of the second gate. 
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providing a cell having first and second transistors coupled in series, wherein the first and 

second transistors are disposed between first and second cell terminals, wherein  

the first transistor includes a first gate with a second sub-gate surrounding a  

first sub-gate, the first and second sub-gates of the first gate are separated by a first  

intergate dielectric layer, and 

the second transistor includes a second gate with a second sub-gate  

surrounding a first sub-gate, the first and second sub-gates of the second gate are  

separated by a second intergate dielectric layer;  

 coupling a first gate terminal to the second sub-gate of the first gate; and 

 coupling a second gate terminal to at least the first sub-gate of the second gate. 

 

16. The method of claim 15 wherein the second sub-gate surrounding the first sub-gate of the 

first gate improves charge retention. 

 

17. The method of claim 15 wherein: 

the first transistor serves as a control gate; 

the second transistor serves as a select gate;  

the second gate terminal serves as a wordline; and comprises 

coupling the first cell terminal to a first junction of the first transistor and serves as a 

bitline. 

 

18. The method of claim 15 wherein the first intergate dielectric layer comprises multiple 

dielectric layers.   

 

19. The method of claim 15 wherein the second gate terminal is coupled to the first and 

second sub-gates of the second gate. 

16. The method of claim 15 wherein the second sub-gate surrounding the first sub-gate of the first gate
improves charge retention.  17. The method of claim 15 wherein: the first transistor serves as a control
gate; the second transistor serves as a select gate; the second gate terminal serves as a wordline; and
comprises coupling the first cell terminal to a first junction of the first transistor and serves as a bitline.
18. The method of claim 15 wherein the first intergate dielectric layer comprises multiple dielectric
layers.  19. The method of claim 15 wherein the second gate terminal is coupled to the first and
second sub-gates of the second gate.  
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20. The method of claim 15 wherein the second gate terminal is coupled to the first sub-gate 

of the second gate while the second sub-gate of the second gate is floated. 

 

21. The method of claim 15 wherein the intergate dielectric layer comprises an oxide-nitride-

oxide stack. 

  

 

of the second gate while the second sub-gate of the second gate is floated. 21.The method of claim 15
wherein the intergate dielectric layer comprises an oxide-nitride- oxide stack. 




