
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(10) International Publication Number
(43) International Publication Date

7 October 2010 (07.10.2010) W O 2010/114890 A l

(51) International Patent Classification: (74) Agents: ARBES, Justin, T . et al; Intellectual Property

G06F 13/00 (2006.01) Department, Hunton & Williams LLP, 1900 K Street,

(21) International Application Number:
N.W., Suite 1200, Washington, D C 20006-1109 (US).

PCT/US2010/029380 (81) Designated States (unless otherwise indicated, for every

(22) International Filing Date:
kind of national protection available): AE, AG, AL, AM,

3 1 March 20 10 (3 1.03 .20 10)
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

61/165,346 3 1 March 2009 (31.03.2009) U S NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(71) Applicant (for all designated States except US): INNO¬ TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

VATIVE SILICON ISI SA [CWCH]; PSE-B, CH-1015

Lausanne (CH). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

(75) Inventors/Applicants (for U S only): VAN BUSKIRK, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

Michael, A . [US/US]; 18653 Vessing Road, Saratoga, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

C A 95070 (US). CAILLAT, Christian [FR/FR]; 83 ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

Allee Des Sapins, F-01210 Versonnex (FR). MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

KOLDIAEV, Viktor, I . [US/US]; 435 E . Central Av¬ TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

enue, Morgan Hill, C A 95037 (US). KWON, Jungtae ML, MR, NE, SN, TD, TG).

[US/US]; 1093 Belvedere Lane, San Jose, C A 95129

(US). FAZAN, Pierre, C . [CWCH]; C h D e Ruffy 5 ,
Published:

CH- 1027 Lonay (CH). — with international search report (Art. 21(3))

(54) Title: TECHNIQUES FOR PROVIDING A SEMICONDUCTOR MEMORY DEVICE

(57) Abstract: Techniques for providing a semicon¬

ductor memory device are disclosed The techniques

may b e realized as a semiconductor memory device in¬

cluding a plurality of memory cells arranged in an ar¬

ray of rows and columns Each memory cell may in¬

clude a first region connected to a source line extend¬

ing in a first oπentation, a second region connected to

a bit line extending a second oπentation, and a body

region spaced apart from and capacitively coupled to a

word line, wherein the body region is electrically float¬

ing and disposed between the first region and the sec¬

ond region The semiconductor device may also in¬

clude a first barrier wall extending in the first onenta-

tion of the array and a second barrier wall extending in

the second oπentation of the array and intersecting

with the first barrier wall to form a trench region con¬

figured to accommodate each of the plurality of memo¬

ry cells



TECHNIQUES FOR PROVIDING A SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims priority to U.S.

Provisional Patent Application No. 61/165,346, filed March 31,

2009, which is hereby incorporated by reference herein in its

entirety.

FIELD OF THE DISCLOSURE

The present disclosure relates generally to semiconductor

memory devices and, more particularly, to techniques for

providing a semiconductor memory device.

BACKGROUND OF THE DISCLOSURE

The semiconductor industry has experienced technological

advances that have permitted increases in density and/or

complexity of semiconductor memory devices. Also, the

technological advances have allowed decreases in power

consumption and package sizes of various types of

semiconductor memory devices. There is a continuing trend to

employ and/or fabricate advanced semiconductor memory devices

using techniques, materials, and devices that improve

performance, reduce leakage current, and enhance overall

scaling. Silicon-on-insulator (SOI) and bulk substrates are

examples of materials that may be used to fabricate such

semiconductor memory devices. Such semiconductor memory

devices may include, for example, partially depleted (PD)

devices, fully depleted (FD) devices, multiple gate devices

(for example, double, triple, or surrounding gate), and Fin-

FET devices.

A semiconductor memory device may include a memory cell

having a memory transistor with an electrically floating body

region wherein electrical charges may be stored. When excess



majority electrical charge carriers are stored in the

electrically floating body region, the memory cell may store a

logic high (e.g., binary "1" data state) . When the electrical

floating body region is depleted of majority electrical charge

carriers, the memory cell may store a logic low (e.g., binary

"0" data state) . Also, a semiconductor memory device may be

fabricated on silicon-on-insulator (SOI) substrates or bulk

substrates (e.g., enabling body isolation). For example, a

semiconductor memory device may be fabricated as a three-

dimensional (3-D) device (e.g., multiple gate devices, Fin-

FETs, recessed gates and pillars) .

In one conventional technique, the memory cell of the

semiconductor memory device may be read by applying bias

signals to a source/drain region and/or a gate of the memory

transistor. As such, a conventional reading technique may

involve sensing an amount of current provided/generated by/in

the electrically floating body region of the memory cell in

response to the application of the source/drain region and/or

gate bias signals to determine a data state stored in the

memory cell. For example, the memory cell may have two or

more different current states corresponding to two or more

different logical states (e.g., two different current

conditions/states corresponding to two different logic states:

a binary "0" data state and a binary "1" data state) .

In another conventional technique, the memory cell of the

semiconductor memory device may be written to by applying bias

signals to the source/drain region (s) and/or the gate of the

memory transistor. As such, a conventional writing technique

may result in an increase/decrease of majority charge carriers

in the electrically floating body region of the memory cell

which, in turn, may determine the data state of the memory

cell. An increase of majority charge carriers in the

electrically floating body region may result from impact

ionization, band-to-band tunneling (gate-induced drain leakage



"GIDL"), or direct injection. A decrease of majority charge

carriers in the electrically floating body region may result

from charge carriers being removed via drain region charge

carrier removal, source region charge carrier removal, or

drain and source region charge carrier removal, for example,

using back gate pulsing.

Often, a conventional semiconductor memory cell requires

relatively large area and/or large power consumption when

performing reading and/or writing operations. For example, a

conventional semiconductor memory cell may be fabricated

having various regions in a planar orientation and occupying a

large area on a silicon-on-insulator (SOI) substrate or bulk

substrate. Thus, a conventional semiconductor memory cell may

have inefficient scalability and lead to an increase in the

size of the semiconductor memory cell. Also, pulsing between

positive and negative gate biases during read and/or write

operations may result in an increase in power consumption of

the conventional semiconductor memory cell.

In view of the foregoing, it may be understood that there

may be significant problems and shortcomings associated with

conventional floating body semiconductor memory devices.

SUMMARY OF THE DISCLOSURE

Techniques for providing a semiconductor memory device

are disclosed. In one particular exemplary embodiment, the

techniques may be realized as a semiconductor memory device

comprising a plurality of memory cells arranged in an array of

rows and columns. Each memory cell may include a first region

connected to a source line extending in a first orientation.

Each memory cell may also include a second region connected to

a bit line extending a second orientation. Each memory cell

may further include a body region spaced apart from and

capacitively coupled to a word line, wherein the body region

is electrically floating and disposed between the first region



and the second region. The semiconductor device may also

comprise a first barrier wall extending in the first

orientation of the array and a second barrier wall extending

in the second orientation of the array and intersecting with

the first barrier wall to form a trench region configured to

accommodate each of the plurality of memory cells.

In accordance with other aspects of the particular

exemplary embodiment, the first region and the second region

may be N-doped regions .

In accordance with further aspects of this particular

exemplary embodiment, the body region may be an P-doped

region.

In accordance with additional aspects of this particular

exemplary embodiment, the body region may be an undoped

region.

In accordance with additional aspects of this particular

exemplary embodiment, the first barrier wall and the second

barrier wall may be formed of an insulating oxide material.

In accordance with yet another aspect of this particular

exemplary embodiment, the first barrier wall and the second

barrier wall may be formed on a P-type substrate.

In accordance with other aspects of the particular

exemplary embodiment, the word line may be disposed along a

side of the body region.

In accordance with further aspects of this particular

exemplary embodiment, a height of the word line may be similar

to a height of the body region.

In accordance with additional aspects of this particular

exemplary embodiment, the word line may be disposed adjacent

to a side of the body region and a side of at least a portion

of the first region.

In accordance with additional aspects of this particular

exemplary embodiment, the word line may be disposed along a

side of the body region and a side of at least a portion of



the second region.

In accordance with yet another aspect of this particular

exemplary embodiment, the word line may be disposed along a

side of the body region, at least a portion of a side of the

first region, and at least a portion of a side of the second

region .

In accordance with other aspects of the particular

exemplary embodiment, a height of the word line may be shorter

than a height of the body region.

In accordance with further aspects of this particular

exemplary embodiment, the word line may have a rectangular

cross-sectional shape.

In accordance with additional aspects of this particular

exemplary embodiment, the word line may have a U cross-

sectional shape.

In accordance with additional aspects of this particular

exemplary embodiment, the word line may have an L cross-

sectional shape.

In accordance with yet another aspect of this particular

exemplary embodiment, the word line may be capacitively

coupled to a plurality of the body regions .

In accordance with other aspects of the particular

exemplary embodiment, the word line may be coupled to a

constant voltage potential.

In accordance with further aspects of this particular

exemplary embodiment, the word line may be coupled to a ground

voltage potential.

In accordance with additional aspects of this particular

exemplary embodiment, the array of memory cells may comprise a

dummy row of memory cells separating adjacent rows of the

memory cells.

In accordance with additional aspects of this particular

exemplary embodiment, the source line may extend in the first

orientation configured in a plane below the first region.



In accordance with yet another aspect of this particular

exemplary embodiment, the bit line may extend in the second

orientation configured in a plane above the second region.

In accordance with other aspects of the particular

exemplary embodiment, the bit line may be connected to the

second region via a bit line contact.

The present disclosure will now be described in more

detail with reference to exemplary embodiments thereof as

shown in the accompanying drawings . While the present

disclosure is described below with reference to exemplary

embodiments, it should be understood that the present

disclosure is not limited thereto. Those of ordinary skill in

the art having access to the teachings herein will recognize

additional implementations, modifications, and embodiments, as

well as other fields of use, which are within the scope of the

present disclosure as described herein, and with respect to

which the present disclosure may be of significant utility.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to facilitate a fuller understanding of the

present disclosure, reference is now made to the accompanying

drawings, in which like elements are referenced with like

numerals . These drawings should not be construed as limiting

the present disclosure, but are intended to be exemplary only.

Figure 1 shows a schematic block diagram of a

semiconductor memory device including a memory cell array,

data write and sense circuitry, and memory cell selection and

control circuitry in accordance with an embodiment of the

present disclosure.

Figure 2 shows a top view of a portion of a memory cell

array having a plurality of memory cells in accordance with an

embodiment of the present disclosure.

Figure 3 shows a cross-sectional view of a portion of a

memory cell array having a plurality of memory cells in



accordance with a n embodiment o f the present disclosure.

Figure 4 shows a cross-sectional view o f a portion o f a

memory cell array having a plurality o f memory cells i n

accordance with a first alternative embodiment o f the present

disclosure.

Figure 5 shows a cross-sectional view o f a portion o f a

memory cell array having a plurality o f memory cells i n

accordance with a second alternative embodiment o f the present

disclosure .

Figure 6 shows a three dimensional view o f a portion o f a

memory cell array i n accordance with a n embodiment o f the

present disclosure

Figure 7 shows top and cross-sectional views o f a portion

o f a memory cell array having a plurality o f memory cells i n

accordance with a n embodiment o f the present disclosure.

Figure 8 shows top and cross-sectional views o f a portion

o f a memory cell array having a plurality o f memory cells i n

accordance with a first alternative embodiment o f the present

disclosure .

Figure 9 shows top and cross-sectional views o f a portion

o f a memory cell array having a plurality o f memory cells i n

accordance with a second alternative embodiment o f the present

disclosure .

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Referring L o Figure 1 , there is shown a schematic block

diagram o f a semiconductor memory device '1 0 comprising a

memory array 20, data write and sense circuitry 36, arid

memory cell select lor. arid control c i r c u t ry 3 8 in accordance

w i .h a n e m b o d im e n , o f the p-esenl disclosure. The m e τ ory cell

array 2 0 may comp' is o a plurality o f memory cells 1 2 each

connected t o the memory cell selection and control circuitry

3 8 via a word line (WL) 2 8 and /or a source line (EN) 32, and

Lhe data wriie and sense circuitry 3 6 via a bit line (CN) 30.



T L may b e appreciated tka t.he bit. line (CN) 3 0 and the source

line (EN) 3 2 are des ignat. .oπs used ι_o distinguish between two

signal l :nes and they may b e used int.prchar.geab 1 y . The data

write arid sense circuitry 3 6 may read data from and may write

data Lo selected memory cells 12. Tn art exemplary embodiment,

the data write and sense circuitry 3 6 tray include a p u ra l ity

o f data sense 8ItIpIIfJe 1 S . Fach dat-a sense amplifier may

receive a t leas;: one bit line (CN) 3 0 and a current o r voltage

reference signal. For exa τ ple, each data sense dmpilfier may

b e a cross-coupled type sense amplifier to sense a data state

stored : in a memory cell 12.

Each data serse amplifier ay employ voltage ar.d/or

current sensing circuitr ry and/or techniques. Tn a n exemplary

embodiment, each data sense amplifier may em p o y current

sensing circuitry and/or techniques. For example, a current

sense arnpl if ier may compare current from a selected memory

cell 1/ _o a reference current (e.g., the current o f one o r

more reference cells). rorn Lhat comparison, it may b e

determined wnether the selected memory cell 12 contains a

logic high (e.g., binary "1" data sta.,e) o r a logic o w (e.g.,

binary "0" data state) . T t may b e appreciated b y one having

ordinary skill in the arL that various types o r rorms o f data

w r ite and sense c ircuit ry 3 6 (in c u d in g one o r more sense

amplifiers, using voltage o r current sensing LechVques, using

o r not reference cells, t sense a data state stored in a

memory cell 12) may b e employed t.o read data stored in r.emory

cells 12 and/or write data to memory ce ls 12.

Also, the memory cell sciec.ion and control circuitry 3 8

may se - ect and/or enable one o r more predetermined memory

cells . Lo facilitate reading data therefrom und/or writing

data .hereto b y applying control signals o n one o r mo e word

lines (WL) 2 8 and/or source lines (EN) 32. The π.emory cell

selection and control circuitry 3 8 may generate such control

signals from address signals, for example, row ctdd;



ignals. Moreover, the memory cell selection and control

circuitry 3 8 may include a word - ine decoder and/or driver.

Fo example, the memory cell se le c io n ana control circuitry

3 8 may include one o r r.ore different control / selection

techniques (ard circuitry thereforet) to select and/or enable

one (M more predetermined memory colls 1/. Notably, all bucn

control /select lor. techn :qucs, and circuitry therefore, whether

now known o r later developed, are intended o fall within the

scope o f the presen. disclosure.

Tn a n exemp ary embodiment, the semiconductor memory

device 1 0 may im p lem e n t a -w o step wr»to op e ra t o n whereby all

the r.emory cells 1? In a n uotive row o f memory cells 12 are

fi'sl. written to a logic low (e.g., binary "0" data state) b y

execut :n g a "clea'" o r a logic low (e.g., binary "0" data

state) wrr. ε operation. Thereafter, selected memory cells 12

in the act :v e row o f memory cells 1 may b e selectively

"written „0 a logic high (e.g., birary "1" data state) b y

execut'ng a logic high (e.g., binary "1" data state) write

op c a t o n . The semiconductor memory device 1 0 may also

implement a one ster; write operation whereby selected memory

cells 1? in ar) a c .iv e row o f memory cells 12 may b e

selectively written to P I the a logic high (e.g., binary "1"

data state) o r a logic low (e.g., binary "0" data state)

without f rs t implementing a "clear" operta ion The

semiconductor memory device 1 0 may employ any o f the exemplary

writing, refreshing, holding, and/or reading techniques

described herein.

The memory cells 12 may comprise N-type, P-type and/or

both types o f transistors. Circuitry that i s peripheral t o

the memory array 2 0 (for example, sense amplifiers o r

comparators, row and column address decoders, a s well a s line

drivers (not illustrated herein) ) may also include P-type

and/or N-type transistors. Regardless o f whether P-type

transistors o r N-type transistors are employed in memory cells



12 in the memory array 20, suitable voltage potentials (for

example, positive or negative voltage potentials) for reading

from and/or writing to the memory cells 12 should be well

known to those skilled in the art in light of this disclosure.

Accordingly, for sake of brevity, a discussion of such

suitable voltage potentials will not be included herein.

Referring to Figure 2 , there is shown a top view of a

portion of the memory cell array 20 having a plurality of

memory cells 12 in accordance with an embodiment of the

present disclosure. As illustrated in the top view, the

memory cell array 20 may include a plaraliLy o f mcr.ory cells

12 arranged in a matrix of rows and columns including a

plurality of word lines 28 (WL), a plurality of bit lines (CN)

30, and a plurality of source lines (EN) 32. Each bit line

(CN) 30 may extend in a first orientation along a first plane

of the memory cell array 20. Each source line (EN) 3? may

extend in a second orientation along a second plane of the

memory cell array 20. Each word line (WL) 28 may extend in

the second orientation along a third plane of the memory cell

array 20. The first plane, the second plane, and a third

plane may be arranged in different planes parallel to each

other .

Referring to Figure 3 , there is shown a cross-sectional

view of a portion of the memory cell array 20 having a

plurality of memory cells 12 in accordance with an embodiment

of the present disclosure. For example, Figure 3 illustrates

a cross-sectional view taken along line (A-A) of the top view

shown in Figure 2 . The cross-sectional view may illustrate a

column of memory cells 12 in the memory cell array 20. In an

exemplary embodiment, each row and/or column of the memory

cell array 20 may include a plurality of memory cells 12.

Each memory cell 12 may comprise an N+ source region 120, a P-

body region 122, and an N+ drain region 124. The N+ source

region 120, the P- body region 122, and/or the N+ region 124,



may be disposed in sequential contiguous relationship in a

pillar or fin configuration, and may extend vertically or

perpendicularly to a plane defined by a P- substrate 130.

In an exemplary embodiment, the N+ source region 120 may

be formed of a semiconductor material (e.g., silicon)

comprising donor impurities (e.g., nitrogen, arsenic, and/or

phosphorus) and connected to the source line (F,N) 3/. In an

exemplary embodiment, the sourer- lino (EN) 32 may be formed of

a metal layer. In another exemplary embodiment, the source

line (F,K) 3° may be formed of a polycide layer (e.g., a

combination of a metal material and a silicon material) . In

another exemplary embodiment, the source line (EN) 32 may be

formed of a N+ doped silicon layer. The source line (EN) 3?

may be connected to a plurality of memory cells 12 (e.g., a

row of memory cells 12). For example, the source line (EN) 32

may be formed below the N+ source region 120. In another

exemplary embodiment, the source line (EN) 32 may be formed on

a side of the N+ source region 120.

In an exemplary embodiment, the P- body region 122 may be

an electrically floating body region of the memory cell 12

configured to accumulate/store charges, and may be spaced

apart from and capacitively coupled to the word line (WL) 28.

In an exemplary embodiment, the P- body region 122 may be

formed of a semiconductor material (e.g., intrinsic silicon)

comprising acceptor impurities. For example, the P- body

region 122 may be formed of a silicon material doped with

boron impurities. In another exemplary embodiment, the P-

body region 122 may be formed of a semiconductor material

(e.g., intrinsic silicon). In other exemplary embodiments,

the P- body region 122 may be formed of an undoped

semiconductor material.

The word line (WL) 28 may be formed of a polycide layer

or a metal layer. The word line (WL) 28 may be oriented in a

row direction of the memory cell array 20 and connected to a



plurality of memory cells 12. The word line (WL) 28 may be

arranged between two contiguous memory cells 12 (e.g., memory

cells 12 located on different rows of the memory cell array

20) . The word line (WL) 28 may be shared between two

contiguous memory cells 12 in a column direction. In an

exemplary embodiment, the word line (WL) 28 may have a height

similar to or equal to the height of the P- body region 122 in

order to reduce disturbance that may be caused by the word

line (WL) 28. In another exemplary embodiment, the word line

(WL) 28 may have a height extending beyond the height of the

P- body region 122. For example, the word line (WL) 28 may

have a height extending past a bottom region of the P- body

region 122 to be adjacent to a top region of the N+ source

region 120. In another exemplary embodiment, the word line

(WL) 28 may have a height extending past a top region of the

P- body region 122 to be adjacent to a bottom region of the N+

drain region 124. In other exemplary embodiments, the word

line (WL) 28 may have a height extending past both a bottom

region and a top region of the P- body region 122 to be

adjacent to a top region of the N+ source region 120 and a

bottom region of the N+ drain region 124, respectively.

Also, the word line (WL) 28 may have a height shorter

than a height of the P- body region 122. In an exemplary

embodiment, a bottom region of the word line (WL) 28 may be

flushed with a bottom region of the P- body region 122 while a

top region of the word line (WL) 28 may be below a top region

of the P- body region 122. In another exemplary embodiment, a

top region of the word line (WL) 28 may be flushed with a top

region of the P- body region 122 while a bottom region of the

word line (WL) 28 may be above a bottom region of the P- body

region 122. In other exemplary embodiments, a top region of

the word line (WL) 28 may be below a top region of the P- body

region 122 and a bottom region of the word line (WL) 28 may be

above a bottom region of the P- body region 122.



The P- body region 122 and the word line (WL) 28 may be

capacitively coupled via an insulating or dielectric region

128. The insulating or dielectric region 128 may be formed of

an insulating material, a dielectric material, or a

combination of insulating and dielectric materials. In an

exemplary embodiment, the insulating or dielectric region 128

may be arranged on one or more sides of the P- body region 122

to capacitively couple the P- body region 122 to the word line

(WL) 28. In another exemplary embodiment, the insulating or

dielectric region 128 may circumferentially surround the P-

body region 122 in order to capacitively couple the word line

(WL) 28 to the P- body region 122.

In an exemplary embodiment, the N+ drain region 124 of

the memory cell 12 may be connected to the b i 1ir.e (CK) 30.

In an exemplary embodiment, the N+ drain region 124 may be

formed of a semiconductor material (e.g., silicon) comprising

donor impurities (e.g., nitrogen, arsenic, and/or phosphorus).

In an exemplary embodiment, the bit line (CN) 30 may be formed

of a polycide layer. In another exemplary embodiment, the bit

line (CN) 30 may be formed of a metal layer. For example, the

bit line (CN) 30 may be formed of aluminum, copper, tungsten,

titanium, titanium nitride, and/or a combination thereof. In

another exemplary embodiment, the bit line (CN) 30 may be

formed of a doped polysilicon layer.

The b :t ! e (CN) 3C may be connected to a plurality of

memory cells 12 (e.g., a column of memory cells 12) via a

plurality of bit line contacts 132. For example, each bit

line contact 132 may correspond to a memory cell 12 along a

column direction of the memory cell array 20. Each bit line

contact 132 may be formed of a metal layer or a polysilicon

layer in order to couple a predetermined voltage potential

from the bit line (CN) 30 to the N+ drain region 124 of the

memory cell 12. For example, the bit line contact 132 may be

formed of tungsten, titanium, titanium nitride, polysilicon or



a combination thereof. The bit line contact 132 may have a

height extending from the bit line (CN) 30 to the N+ drain

region 124 of the memory cell 12. The plurality of bit line

contacts 132 along the column direction of the memory cell

array 20 may be separated from each other via a dielectric

material 134. In an exemplary embodiment, the dielectric

material 134 may be formed from silicon nitride in order to

isolate the memory cells 12 along the column direction of the

memory cell 12 .

The bit line contact 132 may be isolated from the word

line (WL) 28 via an insulator/dielectric material 136. The

insulator/dielectric material may be formed of a silicon

nitride or silicon dioxide material in order to reduce

disturbance of a voltage potential applied on the word line

(WL) 28 from a voltage potential applied on the bit line (CN)

30. In an exemplary embodiment, an interface layer 138 may be

provided between the bit line contact 132 and the

insulator/dielectric material 136 in order to obtain a

reliable contact between the bit line contact 132 and the

insulator/dielectric material 136. The interface layer 138

may be arranged on a top region and/or side regions of the

insulator/dielectric material 136. The interface layer 138

may be formed, for example, of an insulating material (e.g.,

silicon nitride or silicon dioxide) .

In an exemplary embodiment, the P- substrate 130 may be

made of a semiconductor material (e.g., silicon) comprising

acceptor impurities and may form a base of the memory cell

array 20. In alternative exemplary embodiments, a plurality

of P- substrates 130 may form the base of the memory cell

array 20 or a single P- substrate 130 may form the base of the

memory cell array 20. Also, the P- substrate 130 may be made

in the form of a P-well substrate.

A plurality of barrier walls 140 may be formed on the P-

substrate 130. For example, the plurality of barrier walls



140 may be formed of an insulating material. In an exemplary

embodiment, the plurality of barrier walls 140 may be formed

of an insulating oxide material. The plurality of barrier

walls 140 may be oriented in a column direction and a row

direction of the memory cell array 20. For example, a first

barrier wall 140 of the plurality of barrier walls 140 may be

oriented in a column direction. A second barrier wall 140 of

the plurality of barrier walls 140 may be oriented in a row

direction. In an exemplary embodiment, the first barrier wall

140 oriented in the column direction and the second barrier

wall 140 oriented in the row direction may intersect to form a

trench region. The trench region may have a cross-sectional

shape that may accommodate the memory cell 12 therein. For

example, the trench region may have a cross-sectional shape of

a square, a rectangle, a cylinder, and/or other shapes that

may accommodate the memory cell 12 . The height of the barrier

walls 140 may be dependent upon the height of the word line

(WL) 28. For example, the barrier walls 140 may have a height

extending shorter than the height of the N+ source region 120

when the word line (WL) 28 has a height extending past a

bottom region of the P- body region 122 to be adjacent to a

top region of the N+ source region 120. In another exemplary

embodiment, the barrier walls 140 may have a similar height as

the N+ source region 120 when the word line (WL) 28 has

similar height as the P- body region 122. In other exemplary

embodiments, the barrier walls 140 may have a height taller

than the height of the N+ source region 120 when the word line

(WL) 28 has a height that does not extend past a bottom region

of the P- body region 122.

Referring to Figure 4 , there is shown a cross-sectional

view of a portion of the memory cell array 20 having a

plurality of memory cells 12 in accordance with a first

alternative embodiment of the present disclosure. Figure 4

illustrates a sectional view of a column of memory cells 12 in



the memory cell array 20 similar to the sectional view shown

in Figure 3 , except for an alternative word line (WL) 28

configuration. In an exemplary embodiment, the word line (WL)

28 may be formed of a metal or conductive layer having an "U"

cross sectional shape. In an exemplary embodiment, the word

line (WL) 28 may be formed of two side portions with an

interconnecting bottom portion connecting the two side

portions. The word line (WL) 28 may be arranged between two

contiguous memory cells 12 (e.g., memory cells 12 located on

different rows of the memory cell array 20) . The word line

(WL) 28 may be shared between two contiguous memory cells 12

in a column direction. For example, each side portion of the

word line (WL) 28 may be capacitively coupled to a respective

P- body region 122 via a respective insulating or dielectric

region 128. Thus, the two side portions of the word line (WL)

28 may be connected to each other via a bottom portion so that

two contiguous memory cells 12 may share a word line (WL) 28.

The word line (WL) 28 may have a predetermined height to

apply a voltage potential in order to perform one or more

operations (e.g., read, write, refresh, and/or other active

operation) on the memory cells 12. In an exemplary

embodiment, each side portion of the word line (WL) 28 may

have a height similar to or equal to the height of a

respective P- body region 122. In another exemplary

embodiment, each side portion of the word line (WL) 28 may

have a height extending beyond the height of a respective P-

body region 122. For example, each side portion of the word

line (WL) 28 may have a height extending past a bottom region

of the P- body region 122 to be adjacent to a top region of

the N+ source region 120. In another exemplary embodiment,

each side portion of the word line (WL) 28 may have a height

extending past a top region of the P- body region 122 to be

adjacent to a top region of the N+ drain region 124. In other

exemplary embodiments, each side portion of the word line (WL)



28 may have a height extending past both a bottom region and a

top region of the P- body region 122 to be adjacent to a top

region of the N+ source region 120 and a bottom region of the

N+ drain region 124, respectively.

Also, each side portion of the word line (WL) 28 may have

a height shorter than a height of the P- body region 122. In

an exemplary embodiment, a bottom region of each side portion

of the word line (WL) 28 may be flushed with a bottom region

of the P- body region 122 while a top region of each side

portion of the word line (WL) 28 may be below a top region of

the P- body region 122. In another exemplary embodiment, a

top region of each side portion of the word line (WL) 28 may

be flushed with a top region of the P- body region 122 while a

bottom region of each side portion of the word line (WL) 28

may be above a bottom region of the P- body region 122 . In

other exemplary embodiments, a top region of each side portion

of the word line (WL) 28 may be below a top region of the P-

body region 122 and a bottom region of each side portion of

the word line (WL) 28 may be above a bottom region of the P-

body region 122.

Referring to Figure 5 , there is shown a cross-sectional

view of a portion of the memory cell array 20 having a

plurality of memory cells 12 in accordance with a second

alternative embodiment of the present disclosure. Figure 5

illustrates a sectional view of a column of memory cells 12 in

the memory cell array 20 similar to the sectional view shown

in Figure 3 , except for an alternative word line (WL) 28

configuration. As discussed above, the word line (WL) 28 may

be formed of a metal layer or a polycide layer or any other

conductive layer. The word line (WL) 28 may have a pair of

"L" cross sectional shaped contacts located on two sides of

the P- body region 122. For example, a word line (WL) 28 may

be capacitively coupled to a single P- body region 122 and may

not be shared between two contiguous P- body regions 122 in a



column direction. In an exemplary embodiment, the word line

(WL) 28 may be formed of an elongated region along a side of

the P- body region 122 and a short bottom region formed on the

barrier wall 140. In an exemplary embodiment, two contiguous

memory cells 12 arranged in a column direction of the memory

cell array 20 may not share a word line (WL) 28. For example,

each word line (WL) 28 may correspond to each memory cell 12

in a column direction of the memory cell array 20. The word

line (WL) 28 may be capacitively coupled to two sides of the

P- body region 122 via the insulating or dielectric region

128. A voltage potential may be capacitively applied to the

P- body region 122 via the word line (WL) 28 located on the

sides of the P- body region 122.

The word line (WL) 28 may have a predetermined height to

apply a voltage potential in order to perform one or more

operations (e.g., read, write, refresh, and/or other active

operation) . In an exemplary embodiment, the word line (WL) 28

may have a height similar to or equal to the height of the P-

body region 122. In another exemplary embodiment, the word

line (WL) 28 may have a height extending beyond the height of

the P- body region 122. For example, the word line (WL) 28

may have a height extending pass the bottom region of the P-

body region 122 into the N+ source region 120. In another

exemplary embodiment, the word line (WL) 28 may have a height

extending pass the top region of the P- body region 122 into

the N+ drain region 124. In other exemplary embodiments, the

word line (WL) 28 may have a height extending pass both the

bottom region and the top region of the P- body region 122

into the N+ source region 120 and the N+ drain region 124,

respectively.

Also, the word line (WL) 28 may have a height shorter

than a height of the P- body region 122. In an exemplary

embodiment, a bottom region of the word line (WL) 28 may be

flushed with a bottom region of the P- body region 122 while a



top region of the word line (WL) 28 may be below a top region

of the P- body region 122. In another exemplary embodiment, a

top region of the word line (WL) 28 may be flushed with a top

region of the P- body region 122 while a bottom region of the

word line (WL) 28 may be above a bottom region of the P- body

region 122. In other exemplary embodiments, a top region of

the word line (WL) 28 may be below a top region of the P- body

region 122 and a bottom region of the word line (WL) 28 may be

above a bottom region of the P- body region 122.

Referring to Figure 6 , there is shown a three dimensional

view of a portion of the memory cell array 20 in accordance

with an embodiment of the present disclosure. For example,

Figure 6 illustrates a 4x4 array of the memory cells 12 shown

in Figure 2 . As discussed above, each memory cell 12 may

comprise an N+ source region 120, a P- body region 122, and an

N+ drain region 124. The N+ source region 120, the P- body

region 122, and the N+ drain region 124 may be disposed in

sequential contiguous relationship within a pillar or fin

configuration that may extend vertically or perpendicularly to

a plane defined by the P- substrate 130.

Figure 7 shows top and cross-sectional views of a portion

of a memory cell array 20 having a plurality of memory cells

12 in accordance with an embodiment of the present disclosure.

The top view illustrated in Figure 7 may be similar to the top

view shown in Figure 2 . A plurality of barrier walls 140 may

extend in a first orientation along a first plane of the

memory cell array 20. Also, a plurality of barrier walls 140

may extend in a second orientation along the first plane of

the memory cell array 20. The plurality of barrier walls 140

extending in the first orientation and the second orientation

may form a trench region. The memory cells 12 may be formed

between the trench regions of the plurality of barrier walls

140. As discussed above, each word line (WL) 28 may extend in

the second orientation along a second plane of the memory cell



array 20. In an exemplary embodiment, each word line (WL) 28

may be arranged between memory cells 12 of the memory cell

array 20. For example, each word line (WL) 28 may be shared

between contiguous memory cells 12 in a column direction of

the memory cell array 20.

Sectional view A-A is taken along line (A-A) of the top

view, sectional view B-B is taken along line (B-B) of the top

view, and sectional view C-C is taken along line (C-C) of the

top view. As shown in section view A-A, the word line (WL) 28

may be arranged on top of the barrier wall 140 extending in

the second orientation. The word line (WL) 28 and the barrier

wall 140 may be arranged on top of the substrate 130.

Sectional view B-B may illustrate a row of memory cells

12 in the memory cell array 20. The barrier walls 140

extending in the first orientation may separate each column of

memory cells 12 of the memory cell array 20. For example, the

barrier walls 140 may separate the plurality of regions of the

memory cell 12 (e.g., N+ source region 120, P- body region

122, and N+ drain region 124) .

Sectional view C-C may illustrate a column of memory

cells 12 in the memory cell array 20 similar to the sectional

view of Figure 3 . In an exemplary embodiment, each row and/or

column of the memory cell array 20 may include a plurality of

memory cells 12. The word line (WL) 28 may be arranged on top

of the barrier wall 140 extending in the second orientation.

Figure 8 shows top and cross-sectional views of a portion

of a memory cell array 20 having a plurality of memory cells

12 in accordance with a first alternative embodiment of the

present disclosure. The top view and the cross-sectional

views illustrated in Figure 8 may be similar to the top view

and the cross-sectional views shown in Figure 7 . A plurality

of barrier walls 140 may extend in a first orientation along a

first plane of the memory cell array 20. Also, a plurality of

barrier walls 140 may extend in a second orientation along the



first plane of the memory cell array 20. The plurality of

barrier walls 140 extending in the first orientation and the

second orientation may form a trench region where the memory

cells 12 may be formed.

As discussed above, each word line (WL) 28 may extend in

the second orientation along a second plane of the memory cell

array 20. In an exemplary embodiment, each word line (WL) 28

may be arranged between memory cells 12 of the memory cell

array 20. For example, each word line (WL) 28 may be shared

between contiguous memory cells 12 in a column direction of

the memory cell array 20. The memory cell array 20 may have a

plurality of word lines (WL) 28 extending in the second

orientation. One or more of a plurality of word lines (WL)

28" may be connected to a constant voltage source while rest

of the plurality of word line (WL) 28 may be connected to a

variable voltage source. For example, one or more of word

lines (WL) 28" may be connected to ground. In another

exemplary embodiment, one or more word lines (WL) 28" may be

connected to a constant voltage source applying a

predetermined voltage potential. The one or more word lines

(WL) 28" may be configured in a predetermined arrangement.

For example, the one or more word lines (WL) 28" may be

inserted for every two word lines (WL) 28.

Sectional view A-A is taken along line (A-A) of the top

view, sectional view B-B is taken along line (B-B) of the top

view, and sectional view C-C is taken along line (C-C) of the

top view. As shown in sectional view A-A, the word line (WL)

28 may be arranged on top of the barrier wall 140 extending in

the second orientation. The word line (WL) 28 and the barrier

wall 140 may be arranged on top of the substrate 130.

Sectional view B-B may illustrate a row of memory cells

12 in the memory cell array 20. The barrier walls 140

extending in the first orientation may separate each column of

memory cells 12 of the memory cell array 20. For example, the



barrier walls 14 may separate the plurality of regions of the

memory cell 12 (e.g., N+ source region 120, P- body region

122, and N+ drain region 124) .

Sectional view C-C may illustrate a column of memory

cells 12 in the memory cell array 20 similar to the sectional

view of Figure 3 . In an exemplary embodiment, each row and/or

column of the memory cell array 20 may include a plurality of

memory cells 12. The word line (WL) 28 may be arranged on top

of the barrier wall 140 extending in the second orientation.

Figure 9 shows top and cross-sectional views of a portion

of a memory cell array 20 having a plurality of memory cells

12 in accordance with a second alternative embodiment of the

present disclosure. The top view and the cross-sectional

views illustrated in Figure 9 may be similar to the top view

and the cross-sectional views shown in Figure 7 . A plurality

of barrier walls 140 may extend in a first orientation along a

first plane of the memory cell array 20. Also, a plurality of

barrier walls 140 may extend in a second orientation along the

first plane of the memory cell array 20. The plurality of

barrier walls 140 extending in the first orientation and the

second orientation may form a trench region where the memory

cells 12 may be formed.

As discussed above, each word line (WL) 28 may extend in

the second orientation along a second plane of the memory cell

array 20. The memory cell array 20 may have a plurality of

word lines (WL) 28 extending in the second orientation. For

example, memory cells 12 along a row direction of the memory

cell array 20 may not share a word line (WL) 28. The word

lines (WL) 28 may be configured on two sides of the memory

cell array 12 in order to capacitively apply a voltage

potential. In another exemplary embodiment, the word lines

(WL) 28 may be configured on a dummy row 902 of memory cells

12. The dummy row 902 of memory cells 12 may enable a row of

memory cells 12 to not share word lines (WL) 28 with another



row of memory cells 12 .

Sectional view A-A is taken along line (A-A) of the top

view, sectional view B is taken along line (B-B) of the top

view, and sectional view C is taken along line (C-C) . For

example, the word line (WL) 28 may be arranged on top of the

barrier wall 140 extending in the second orientation. The

word line (WL) 28 and the barrier wall 140 may be arranged on

top of the substrate 130.

Sectional view B-B may illustrate a row of memory cells

12 in the memory cell array 20. The barrier walls 140

extending in the first orientation may separate each column of

memory cells 12 of the memory cell array 20. For example, the

barrier walls 14 may separate the plurality of regions of the

memory cell 12 (e.g., N+ source region 120, P- body region

122, and N+ drain region 124) .

Sectional view C-C may illustrate a column of memory

cells 12 in the memory cell array 20 similar to the sectional

view of Figure 3 . In an exemplary embodiment, each row and/or

column of the memory cell array 20 may include a plurality of

memory cells 12. The word line (WL) 28 may be arranged on top

of the barrier wall 140 extending in the second orientation.

Two rows of dummy memory cells 902 may be configured at

contiguous rows of a row of memory cell 12 .

The present disclosure is not to be limited in scope by

the specific embodiments described herein. Indeed, other

various embodiments of and modifications to the present

disclosure, in addition to those described herein, will be

apparent to those of ordinary skill in the art from the

foregoing description and accompanying drawings. Thus, such

other embodiments and modifications are intended to fall

within the scope of the present disclosure. Further, although

the present disclosure has been described herein in the

context of a particular implementation in a particular

environment for a particular purpose, those of ordinary skill



in the art will recognize that its usefulness is not limited

thereto and that the present disclosure may be beneficially

implemented in any number of environments for any number of

purposes. Accordingly, the claims set forth below should be

construed in view of the full breadth and spirit of the

present disclosure as described herein.



CLAIMS

1 . A semiconductor memory device comprising:

a plurality of memory cells arranged in an array of rows

and columns, each memory cell having:

a first region connected to a source line extending

in a first orientation;

a second region connected to a bit line extending a

second orientation;

a body region spaced apart from and capacitively

coupled to a word line, wherein the body region is

electrically floating and disposed between the first region

and the second region;

a first barrier wall extending in the first orientation

of the array; and

a second barrier wall extending in the second orientation

of the array and intersecting with the first barrier wall to

form a trench region configured to accommodate each of the

plurality of memory cells.

2 . The semiconductor memory device according to claim 1 ,

wherein the first region and the second region are N-doped

regions .

3 . The semiconductor memory device according to claim 2 ,

wherein the body region is an P-doped region.

4 . The semiconductor memory device according to claim 2 ,

wherein the body region is an undoped region.

5 . The semiconductor memory device according to claim 1 ,

wherein the first barrier wall and the second barrier wall are

formed of an insulating oxide material.

6 . The semiconductor memory device according to claim 1 ,



wherein the first barrier wall and the second barrier wall are

formed on a P-type substrate.

7 . The semiconductor memory device according to claim 1 ,

wherein the word line is disposed along a side of the body

region .

8 . The semiconductor memory device according to claim 1 ,

wherein a height of the word line is similar to a height of

the body region.

9 . The semiconductor memory device according to claim 1 ,

wherein the word line is disposed adjacent to a side of the

body region and a side of at least a portion of the first

region.

10. The semiconductor memory device according to claim 1 ,

wherein the word line is disposed along a side of the body

region and a side of at least a portion of the second region.

11. The semiconductor memory device according to claim 1 ,

wherein the word line is disposed along a side of the body

region, at least a portion of a side of the first region, and

at least a portion of a side of the second region.

12. The semiconductor memory device according to claim 1 ,

wherein a height of the word line is shorter than a height of

the body region.

13. The semiconductor memory device according to claim 1 ,

wherein the word line has a rectangular cross-sectional shape.

14. The semiconductor memory device according to claim 1 ,

wherein the word line has a U cross-sectional shape.



15. The semiconductor memory device according to claim 1 ,

wherein the word line has an L cross-sectional shape.

16. The semiconductor memory device according to claim 1 ,

wherein the word line is capacitively coupled to a plurality

of the body regions.

17. The semiconductor memory device according to claim 1 ,

wherein the word line is coupled to a constant voltage

potential .

18. The semiconductor memory device according to claim 1 ,

wherein the word line is coupled to a ground voltage

potential.

19. The semiconductor memory device according to claim 1 ,

wherein the array of memory cells comprises a dummy row of

memory cells separating adjacent rows of the memory cells.

20. The semiconductor memory device according to claim 1 ,

wherein the source line extends in the first orientation

configured in a plane below the first region.

21. The semiconductor memory device according to claim 1 ,

wherein the bit line extends in the second orientation

configured in a plane above the second region.

22. The semiconductor memory device according to claim 19,

wherein the bit line is connected to the second region via a

bit line contact.
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