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 memogypiydyvctrguifs, such as electrically erasable
programmable read-only memory (EEPROM) circuits have achieved widespread adoptions for code
and data storage applications. An importank aspeir By cipcuits is their perfoiiiiance, which includes
endurance (number of programming or write/erase cycles) and data retention after write/erase cycling.
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BACKGROUND
[0002] Non-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 NVM circuits is their performance, 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 NVM 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.
[0003] Memory operations, such as programming and erasing, may involve, for 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 (HCI) or Fowler-Nordheim
(FN) tunneling.
[0004] It is desirable to provide a memory cell with improved data retention.
SUMMARY
[0005] A 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.



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 Iager. The secand gate
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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.
[0007] In 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 includes 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 the first and second sub-gates of the second gate. The first sub-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. 100081 These and other
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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. 1a shows a schematic diagram of an embodiment of a memory cell;
[0011] Figs. 1b-c show cross-sectional views of embodiments of a memory cell;
[0012] Fig. 1d shows a top view of a portion of the memory cell of Fig. 1¢; and
[0013] Figs. 2a-f show cross-sectional views of a process of forming an embodiment of a
memory cell.

DETAILED DESCRIPTION

[0014] Embodiments generally relate to semiconductor devices. More particularly, some
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 microcontrollers or system on chips (SoCs). The



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, ,sucE as mier?controllers or system on, chips
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transistor terminals 142 and 143. The second gate includes a second sub-gate 149 surrounding a first
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150 separates the second gate from the channgl of the second transistor..[00171in ope embqdiment,
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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 the 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.

[0017] In 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 the second transistor is coupled to the second cell terminal.
Furthermore, 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 is coupled to the second sub-gate of the gate. In one embodiment, the other of the

first and second gate terminals is coupled to the second sub-gate and not the first sub-gate.



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
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cell. The first gate terminal is coupled to the second sub-gate of the first transistor and'is coupled to a
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cross-sectional view of an embodiment of a memory cell 100 as shown'in Fig. 1 a. There is shown a
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isolation regions 180. The isolation regions, for examplé, are shallow trench isolation regions.
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doped well 115. Thé doped well comprises dopants of a second polarity type. 100201First and second

transistegs 0 ang; 1409, ik ASpercd RGeS0 or L oRs AMARUMARLHRE /IEsH tiapsistor serves

as a control gate. The first transistor includes a first gate 125 disposed on the substrate. The first gate,
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example, polysilicon. Forming sub-gates using other types of gate electrode matc.trials, such as
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and second sub-gates need not he formed from the same material. In one embodiment, the second
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employed. The cell region, in one embodiment, includes a doped well 115. The doped well
comprises dopants of a second polarity type.

[0020] First 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 materials, such as metals or metal-silicon compounds like metal
silicides, may also be useful. It is understood that the first and second sub-gates need not be
formed from the same material. In one embodiment, the second sub-gate surrounds the first sub-
gate.

[0021] An intergate dielectric layer 160 separates the first and second sub-gates. The
intergate dielectric layer, for example, may comprise a dielectric stack having multiple dielectric

layers. For example, the dielectric stack may comprise an oxide-nitride-oxide (ONO) stack.



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 A pllcatlon Number 12/888,434, tjtled
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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)
diffusion regions of the 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 n) and the second sub-portions
131b and 132b are heavily doped portions (e.g., x*). The lightly doped portions, for example,
comprise lightly doped drains (LDD) or double diffused drains (DDD). The lightly doped
portions, for example, comprise lightly doped drains (LDDs) or double diffused drains (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
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about E15 cm™. 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 gate electrode materials, such as metals or metal-silicon compounds like metal silicides
may also be 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.

[0026] An intergate dielectric layer 160 separates the first and second sub-gates. The
intergate dielectric layer, for example, may comprise a dielectric stack, such as an oxide-nitride-
oxide (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 HfO, or Al,O3. 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



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 secqnd sub-gate. The
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second doped regions form 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 131b and 133b
are heavily doped portions. The lightly doped portions, for example, comprise lightly doped
LDDs 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-portions 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 region of the first transistor serves as the

first cell terminal and the second diffusion region of the second transistor serves as the second



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,

Comp“%%ﬁ%ﬂﬂ%?%ﬁﬁ@ﬁ{&g}ghﬂsﬁ.a?ﬁy IISR HRIBRK RRSRfCRRAUCTive Mg rials mayigso be

employed. A contact may In e a contact liner. Various types of contact liners may be used. For

examplen A CONAGE HRELIAK BE RN O igalucbdyi HihAha 6PMbIRRRRREIET. In some

embodiments, the liner comprises a composite liner comprising a combination of Ti and TiN, such as 'f

/TIN oIy Ti- A shRERChneIn RS0 Be BRiayel 90RIGH Busarbaditefidist and

second contacts 192 and 198 are provided in the PMD layer to couple to first and second cell

terminajg, TRESURKCHRINAdA SRHQIRILIAR BiYiRGANIdAR seqondirtminel e rpladiagaource ine.

Third and fourth contacts 194 and 196 are provided in the PMD layer to couple to first and second gate

terminais, I, ane smbodiment. the third canRchissrupedite theserontsubmate gbibe fitg! transistor

and the fourth contact Is coupled to the first and secorid sub-gates of the second transistor. The first

gate termingp isreuplad o mentish dnteine A the seaand gaietesminghis coupled to a wordiine.

Additional, the well is coupled to a well potential. 100331 Table™1 shows exemplary bias conditions of

e cifgijermiea or Y5 operaione! e memany el ovidia e g gondiions for

operating the memory cell may also be useful. Table | [0034]A plurality of memory cells can be

arrangeg 1 pinot MEMAROAT AN Fﬁ’i@mﬁ; 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 Ti/TiN or
Ti/TiN/Ti. Other types of liners may also be employed.

[0032] In 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.

[0033] Table 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.



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 co

memory cell 100.
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Table 1

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 memory cells, for

example, comprise memory cells 100 as described in Figs. 1a-b. A row corresponds to, for

example, a wordline (WL) and a column corresponds to a bitline (BL) of the array. Control gate

lines are also provided to couple to the control gate terminal.

[0035]

Fig. 1c shows 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. 1b 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.

[0036]

In 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

first sub-gate, as shown in Fig. 1d. For example, a portion of the second sub-gate adjacent to the

channel and doped regions is removed. Other techniques or configurations to float the second

sub-gate may also be employed.

[0037]

Figs. 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

10



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 memor . Additignally, the logic regions may
e STHEP S DR, CLBUNRT B B O e i R R g e impte, may
include regions for different vpltage dewciea%b F&'@agyglﬁﬁmgéﬁglc region may include regions for

an age

. ﬁl on germamum T S111COI-ON-11nsu T .. . . .
high voltage devices, medium voltage devices lowW'vo evices. Other configurations of logic

regions Iso he usethi,.[0039]The cell region.is separated from. other.regions by isolation regions
150, Tl ion A Rk Ret 1oy ST G PR CUAT0 L TR GBS NE HoSset toSorm

the STI reqgions, EFqr mple, the substrate,can be etched usin etcr? a éLma k technigues to form
henahe s R B e e L s T SOV e el o

polishingléCI\{I)Pt} can be e{f%rm to remove excess oxide and provgj a planar supstrat top 3urface.
g supstrate Il'baé' neiu 8 otlner cell regions.o arrzgf rergrlon 1n w. 1(e:hf1§)em0(rjy CelS 38 EO (S
The S'firegions can ormed, for exampte, prior to or atterformation of doped’ wells. Other

processes, or materials can jls tie usgd to form the Se ISTL% ?ther embodiﬁqents the isolation may be

other ty%%s gfgllgcgfﬁll%rﬁsrlgg%rlmg. W4 f)&“ffgp?é% wellt15 i&ormed m the céIF)r(gfgr}Br?.’ THe doped well

in one embodiment, comprises dopants of a second polarity type. Ttltf'ﬁe depth of the doped well, for
exampl IS DR P U oS0 A PR e R I ERHAHY aloo be useful

The dopegmieh S5 SEasna polBdly oRanis s et i aim st ety e dares

embodimen pe t comprise ype toform’n ICes, APfg?nOatlvely, the

doped well comprises a n-type ed well to form p-type devices. doped. . well. may he formed by
sedcco St DL e R BT R e S e e

dose and po er may. depend on the txp o; éjeV|ceftcr)e}I13]1%Igr($’]rr[§de. (31.90411|n one emqudlma%nt the

doped Wall CONIPHSESA p Yol The doped wen thay be formed By Parorming & ehan of 3 impiants at

gir‘:feerre”%u?é‘ﬁ& S8 tg%g Eé(ﬁﬁne%'eo%lﬁ{“%% 1“’”a‘t?f?dé"&‘i"miicsré’el%fosrm%d i3 6lozg %ZH.O‘.” E12 cni2 at an
gy level about 400 Kali, a'seécon m‘ir’blran IS perPcﬁme al 3 Jose about E12 &rif2 at an energy
et e R TSR SR B g ey el
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 filled 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 STI regions can be formed, for example, prior to or after the
formation of doped wells. Other processes or materials can also be used to form the STIs. In
other embodiments, the isolation may be other types of isolation regions.
[0040] A 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 well 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

11



[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 s_e?arate implantation processes using implant masks.
P-type At QI HBIGHE L BRON RIS EARRIRRIIA %mpmmwlem}e&e%@ﬂsﬁﬁaqﬁm%%aﬁ% Hype
dopants can include phosphorus (P), arsenic (As), antimony (Sb) or a combination thereof, 100431in
Fig. 2b, sHRfiERerithagepaive @&m‘@%méeam&f‘etm8%}4%@?8#?% BRed-
embodiment, the dielectric layer serves as the gate dielectric layer Lorﬁﬁé{rangisttit of tqe cell. The
dielectritMdr, folRBFHIPdIR e daneh Y hicomiies? oY dka 0 BIETHE Hyer is
formed by annealing the substrate in an oxidizing ntl ient. For example, a wet oxidation is performed
at abouforstyd BE@ERsRIREa W‘&Pﬁﬁﬁ%lﬁtﬁﬁﬁl [ SRBEES: FIO8 FHARREE ?h%oa?&é%?ric layer

is formed to an intermediate thickness. The thickpess of the dielectric layer be about 60- 90 A.
Other tyFEY%t inpstdnamBedrit Adassiahowhhy) Ak bt ﬁgél'ﬂﬁ.rgyo‘f’ ?jsf’rh?)‘fé@?e:ﬂgg’ea&%ig% ri¢ material

004 ARG RV REA T e 59 KL hod o FEESHRUA BUL) ekt e ayer The
ayer CaTBUIRESEH 2rh BIDR LS o i kAT AN L6 U D crode may e
oping SFAERSRAS AN 36 15 L BTGt SIPGARS lecirodefayor may aled be ueel.
clocuodD A b B UBHEADD 050D O NS AGELISE A IS o DR R
sub-gate electrode layer, ecl&?i ues such as .Chﬁﬁical Vaéz)or_(ge OSitH)er\‘zi%%yDabﬁ%n be used. Other

techniq§¥iFssy B8 HERLGHIC OABAR BIY JCHGE R SISUBG B PR e IS atternéd. 1 one

embodiment, the first sub-gate layer is patterned ta form first sup-gates 127 and.147 of the first and
second Wgﬂ’éig’[&@r ?‘fh@oé%ﬁel ROAE 8 '%eea?}'{ﬁ%s'di fattrie Pg?/esr fgﬁggﬁﬁ%}}i@}’%u ee-%sa?éelayer

e

is also patterned,. Techniques, such as mask and etch can be used. For example, a.photoresist layer is
‘formed Qﬁ?é’i‘i]ﬁ‘gfaﬁ?gq%%?glﬁﬁd et ex q(gssfﬁlﬁypoert?%rﬁrsleof & %un-l aat%tag38/grP r,g‘r:léses

morop S 2R 2 BS seiamed acnars e ol Nl g e
e L SIS PRI S OIS ST BB (e s 2

(Sb) or a combination thereof.

[0043] In Fig. 2b, a dielectric layer 251 is formed on the surface of the substrate in the 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 formed by other types of processes.

12



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 ggggecond ﬁ%PS%fr%QEQQl%&HHS it 304 SRR BRYIRIONS RIS dQVBEfre BADG; GTRQdIment,

the first sub-portions are formed by ion implantation at a dose about El 3 cm "2 at an nergy level about

25 - 80 kews. TR ipglang may diﬁ%ﬁ%’]'ie 0 WAL APGIR- TSRS MY PG {OHSKaiRRle, up to

about 45."Performing the implant at other tilt angles, including performing un-=tilted implants (e.g., at 0),

may alsg Pe HERiuLHBd0f FaSER R TIARRGIEY i&&o@h&'&@@ﬁﬁ%@ﬂo‘?ﬁh@?'ﬁé}%‘?ﬁ TRUEEDERES Of

dopants or implant parameters may also be useful. As shown a common first doped region is provided

thr the first and segonghrapsisiars: $9047d Annteroete dielectrialauan 26ds Aarmes on thg substrate.

The intergate dielectric layer covers the first sub-gates and substrate. In one embodiment, the

intergate iglesirivlayenanmarisea R Rles i Sptu U oA ANOSaRto UG ReS gl interoate

dielectric layers and dielectric stacks may also be useful. The ONO stack comprises, for example, a

bottom gxidle, ey ARYIR-RYETLAd2 &Bép&?&éfﬁ%&% YWD EETANGHAS MAY 0L HTRLaygd to form

the dielectric stack. For éxample, the different fay the dielectric stack may be formed by LPCVD.

Other teglIYANES DAY ARORS LFe b SHARARR IS I8 EXAIPB0MAG RS AC BRHBE R clafBERNlY

tiled US Patent Application Number 12/888,434, titled "Dielectric Stacks" (Attorney Docket Number

CSM P20 NA AR Or MBIEh if-AtsAdNGe GIREYRIIAIED RYHSIRIQNGRITC AhatIpgses.

100481In Fig. 2e, a second sub-gate electrode layer 222 is deposited on the substrate, covering the

intergate dielaclic iayerTNS) SeapRd R I8iRdAURN IR REE I BRI MRt £oMPrises polysilico -1. The

second sub-gate electrode layer can be formed as an amorphdus or non amorphous layer. The

second g4 SIEFIEOYE IavecR0,PSARASGLPIHNdRRRG: GINGLRAR Siadie &J@ﬁf&%ﬁ%‘@”ms are

ate
also useful.?he thickness of the second sub-gate electrode layer is, for example, about 8 2500

A. Othep,INCkNGRRER A foalSUSRILL] 2 IRUM 376,524979 BHRX BAEAlESHRME {@fﬁﬁsf&%mﬁws, such

as chemical vapor deposition (CVD), can be used. Other techniques are also useful.
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 anisotropic 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.

[0046] Referring to Fig. 2d, first and second doped regions 131, 132 and 133 of the first and
second transistors are formed. The doped regions can be formed by implanting first type dopants
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 E13 cm™ at an energy level about 25 — 80 keV. The implant may be performed with a tilt
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[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 exa

: ple,
photore 88y &P ARELE BYAY Rfrel Yot aAmPLTs WG BRRMFod, eSS BRI s ﬁ%é’[@lgﬁgﬁ%
sub-gate layer. An amsotropie etch, such as a NE, is performed to remove exposed portions of the
second & %at@%g?ﬁrlg?ﬁ%qﬂﬁg&‘iﬂﬂﬁlwq%@jﬁ]%ﬁf IR RiE f\/‘éség‘ tir%tgflﬁﬁsf&ﬁ? e
provided beneath the photoresist. Other techniques for pattunipg the first second-gate layer may also
be usefitlFF @?(‘éiﬁ‘?pﬁ’ ORGSR ﬁlﬁﬁ}pi%nffgﬁo(if["ﬁra%@?ﬁ ?ﬁg%%aé‘éﬁaréﬁﬂi%ﬁ?ﬁa%?%é 1The
process continues to form the device. For %xaraple, the additiona:i§r ges%ig can igclude({emoving the
mask lafEO e HinG DHHAY Y AE LB HIShARRF Hesdonr i PEA el %iﬁglcaenrs,s 6P Example,
comprise nitride. Other types of spacer materials may also be useful, To form sidewall spacers, a
spacer dfél@&f%slayer is deposited on the substrate. The spacers can be formed by using various

ine SpadiPlcciicA Ao e G B ISGAoH GRLER BOIECHE aer L THRB Iy e o
on e SIATAA 53 6 SpAAT A GHL BIEH o L B TG O S plbatate
Coped 1EGTORS 5 AN Lt LONAL A oy B NS s O el
Soutce N AT IBEAHA) 42 A s hieLaS RS 10T e SSTLLD ALGHIGTE Fibcesses
T e DR M S S R Ee M A PRSIAANGNS ORISR ford el

process r'componen asiow v e, med%rrnn voltage, and
high volt 110 devices,can be formed prior tg forming.the interconnections. The-m cells can be
e AT B R B scsomesiens, WsumRmny

LPCVD. Other techniques may also be useful. Such techniques, for example, may be described

in concurrently filed US Patent Application Number 12/888,434, titled “Dielectric Stacks”
(Attorney Docket Number CSM P 2010 NAT 29 US 0), which is already herein incorporated by
reference for all purposes.

[0048] In 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
polysilicon. 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.

[0049] Referring 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
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[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, a0 [ gE. 0L EOMNRISNEY LU RIS, BS USAYRSLIRE SIRRESAD, WhALS slgimed is:
Sk Bt g

CLAIMS 1. A rming a device comprising: prowdmgasu straté prepared with a cell area;

formingsfék%ﬁaﬂqgagﬁﬁ%?g SRl AUt Ane a}%‘&ﬁggﬁfﬁ%&t%ﬁrﬁ 'Bérl%e%e% vy tﬂ’é‘ﬁﬁ%i'%te glrst gate

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

s rysputio 0 NeRA Sl G o e

by a Se%‘i’@t‘i’e'Eé%ﬂ&%ﬂ-‘@é‘?&‘i&%@y% anisotropic etch, such as a RIE, 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
patterning the first second-gate layer may also be useful. For example, a hard mask may be used
to pattern the second sub-gate layer.
[0050] The 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 RIE, to remove
horizontal portions, leaving non-horizontal portions on the sidewalls as the spacers. A contact
etch stop layer (not shown) may be formed on the substrate after forming the spacers.
[0051] The process further continues to form the second sub-portions of doped regions of the
transistors, salicide contacts, PMD layer, contacts to the terminals of the cell and one or more
interconnect levels to couple the terminals, for example, control gate lines, wordlines, bitlines,
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 I/O 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.
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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 fransistor; and forming a second cell texmingl coupled
to the fild9 ction@FtH@?&EHhH“l‘Va‘ﬁ%@Tg?‘?%@ HePHETHESD Elféﬁ?%g\’ﬂﬁ%? tir‘?:e fifs t?gln%gtor

serves as a control gate; the second transistor serves as a select.gate, the first
o the 1BV SFIORHSH G 8 B CHIMA AR e AL A a8 AR Ge BB

considered in all respects illustrative rather than limiting the invention described herein. Scope

cell terminal is coupled
SeES aseaavrv%%%rﬁr?e.
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 therein.

16



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 gaues ahaswistine. 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; formimgs common intergate dielectric layer on the
substrate covering the first sub-gates, the common intergate dielectric layer serves as the first and
second intergaté thethotticfl&yenmgfadeviicstcanpdsiognd 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 protiseupadubatese pepeesd thithsecelhdreap-gates of the first and second gates wrap
around the first sub-gates of the first and second gates.
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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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 jynctionshafiactutong ki firsirubigtdasing tine Sissbenilisevomcofaiesiranshd seformning the
heavily doped portion of the first and second junctions after forming the second sub-gates of the first
and secarghgjstes.complisesietingid g caimmadnvebesainjtihetkeconths fibspatd stosndmdimgstbes 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 firsTimengeieddi€ldaircllayiesreimmprises multiple dielectric layers.

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
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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 1fedndirgjnhihBghelyicepanertission portiot détedfirstana seethojuatfionwing a
device comprising: providing a cell having first and second transistors coupled in series, wherein the

first and secondchfteniisttrg) aie fiispasgeddreiotee first andlseeonmdated| tewminals, 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 gfitering seperaidd bypadipsriitewate disteaidcdayed, janctions #fesecond
transistor includes a second gate with a second sub-gate surrounding a first sub-gate, the first and
second sub-gatésroirihehserroondgrie gresephafirct hydsseoundatetergate 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.

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:
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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 couppinyitiadisstetetaigrmyifiesttand sestndrciivisalrthwlivkdiansister wherseruesfast aritiine.
18. The method of claim 15 wherein the first intergate dielectric layer comprises multiple dielectric
layers. I3cdiitetraesizastodreldispdseduieevaientiesseconecgadectdr mindhidscorhaiedhto the first and
second sub-gates of the second gate.
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.
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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.

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.
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