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ABSTRACT
A scalable split-gate flash memory cell structure of the present invention comprises a common-

source region, a scalable split-gate region formed by a sidewall dielectric spacer and a scalable

common-drain region, wherein the scalable split-gate region comprising a floating-gate region being

defined by another sidewall dielectric spacer has a tip-cathode line for erasing. The cell size of the

present invention is scalable and can be made to be equal to 4F2 or smaller. The structure is then

used to implement two contactless flash memory arrays: a contactless NOR-type flash memory array

and a contactless parallel common-source/drain-conductive bit-lines flash memory array for high

speed read/write/erase operations. Moreover, the contactless flash memory arrays can be fabricated

with fewer critical masking steps as compared to the prior art.

Key Words: flash memory, split-gate, sidewall dielectric spacer, contactless flash memory array,

critical mask steps, floating gate

一種可微縮化分閘式快閃記憶細胞元結構及

其無接點快閃記憶陣列

吳慶源

大葉大學電機工程學系

彰化縣大村鄉山腳路 112 號

摘 要

本發明之一種可微縮化分閘式快閃記憶細胞元結構至少包含一個共源區、一個可微縮化

分閘區藉由一個側邊牆介電墊層來形成、及一個可微縮化共源區，其中上述之可微縮化分閘

區至少包含一個漂浮閘區藉由另一個側邊牆介電墊層來定義並具有一個尖形陰極線來擦洗。

本發明的細胞尺寸係可微縮化且可以製造成等於 4F2 或更小。上述之可微縮化分閘式快閃記憶

陣列被用來組成兩種無接點快閃記憶陣列：一種無接點非或形快閃記憶陣列及一種無接點平

行共源∕汲導電位元線快閃記憶陣列以作為高速讀∕寫∕擦洗操作。另外，上述之無接點快

閃記憶陣列比先前技術需要更少的嚴謹罩幕步驟來加予製造。

關鍵詞：快閃記憶體，分閘式，側邊牆介電墊層，無接點快閃記憶陣列，嚴謹罩幕步驟，漂

浮閘
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I. INTRODUCTION
The split-gate flash memory cell structure having a

select-gate region and a gate-stack region offers in general a

larger cell size as compared to that of a stack-gate flash

memory cell structure and is usually configured to be a NOR-

type array. Two typical split-gate flash memory cell

structures of prior art [1-5,7] are shown in Fig.1A and Fig.1B.

Fig.1A shows a split-gate flash memory cell structure having a

floating-gate layer 11 formed by a local oxidation of silicon

(LOCOS) technique, in which the floating-gate length is

defined in general to be larger than a minimum-feature-size (F)

of technology used due to the bird's beak formation at two gate

edges; a control-gate layer 15 is formed over a part of a

LOCOS-oxide layer 12 and a thicker select-gate oxide layer 14;

a poly-oxide layer 13 is formed over a sidewall of the floating-

gate layer 11; a source diffusion region 16 and a drain diffusion

region 17 are formed in a semiconductor substrate 100 in a self-

aligned manner; and a thin gate-dielectric layer 10 is formed

under the floating-gate layer 11. The split-gate flash memory

cell structure shown in Fig.1A is programmed by mid-channel

hot-election injection, the programming efficiency is higher

and the programming power is lower as compared to the

channel hot-electron injection used by the stack-gate flash

memory cell structure. Moreover, the over-erase problem of

the split-gate flash memory cell structure can he prevented due

to a high threshold-voltage of the select-gate transistor in the

select-gate region, so the control logic circuits for erasing and

verification can be simplified. However, there are several

drawbacks for Fig.1A: the cell size is larger due to a non-self-

aligned control-gate structure; the gate length can't be easily

scaled due to the misalignment of the control-gate layer 15 with

respect to the floating-gate layer 11; the coupling ratio is low

and higher applied control-gate voltage is required for erasing;

the field-emission tip of the floating-gate layer 11 is difficult to

be controlled due to the weak masking ability of the bird's beak

of the LOCOS-oxide layer 12 oxide; and a high-temperature

oxidation process is required to form a LOCOS-oxide layer 12

with an appreciate tip.

Fig.1B shows another split-gate flash memory cell

structure, in which a floating-gate layer 21 is defined by a

minimum-feature-size (F) of technology used; a thin tunneling-

oxide layer 20 is formed under the floating-gate layer 21; a

select-gate oxide layer 22 is formed over a semiconductor

substrate 100 of the select-gate region and an exposed floating-

gate layer 21; a control-gate layer 23 is formed above a portion

of the floating-gate layer 21 and the select-gate region; and a

source diffusion region 24 and a double-diffused drain structure

25/26 are formed in a semiconductor substrate 100. From

Fig.1B, it is clearly visualized that similar drawbacks are

1A

1B

Fig. 1. 1A and 1B show the schematic diagrams of the prior

art, in which 1A shows a cross-sectional view of a

split-gate flash memory cell with a tip-cathode

floating-gate structure formed by a LOCOS

technique; 1B shows a cross-sectional view of a split-

gate flash memory cell with a source-side erase

structure

appeared except that the erasing site is located at the thin

tunneling-oxide layer 20 between the floating-gate layer 21 and

the double-diffused drain structure 25/26. Apparently, the

double-diffused drain structure 25/26 is mainly used to

eliminate the band-to-band tunneling effect and becomes an

obstacle for further scaling.

It is, therefore, an objective of the present invention to

provide a scalable split-gate flash memory cell structure with a

scalable cell size being equal to or smaller than 4F2.

It is another objective of the present invention to provide

a controllable tip-cathode structure for the scalable split-gate

flash memory cell with a higher erasing efficiency.

It is a further objective of the present invention to

provide a manufacturing method with less critical masking

steps.

It is yet another objective of the present invention to

provide two contactless array architectures for high-speed

operations with less power consumption.

II. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [6]

Referring now to Fig.2A through Fig.2C, there are

shown the process steps and their cross-sectional views of
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2A

2B

2C

Fig. 2. 2A through 2C show the process steps and their

cross-sectional views of forming a shallow-trench-

isolation structure for a scalable split-gate flash

memory cell structure and its contactless flash

memory arrays of the present invention

forming a shallow-trench-isolation (STI) structure for a

scalable split-gate flash memory cell structure and its

contactless flash memory arrays of the present invention.

Fig. 2A shows that a thin tunneling-dielectric layer 301 is

formed over a semiconductor substrate 300 of a first

conductivity type; a conductive layer 302 is formed over the

thin tunneling-dielectric layer 301; a first masking dielectric

layer 303 is then formed over the first conductive layer 302;

and subsequently, a plurality of masking photoresist PR1 are

formed over the first masking dielectric layer 303 to define a

plurality of active regions (AA) (under PR1) and a plurality of

shallow-trench-isolation (STI) regions (between PR1). The

thin tunneling-dielectric layer 301 is preferably a thermal

silicon-dioxide layer or a nitrided thermal silicon-dioxide layer

and its thickness is preferably between 70 Angstroms and 120

Angstroms. The conductive layer 302 is preferably a doped

polycrystalline-silicon or amorphous-silicon layer as deposited

by low-pressure chemical-vapor-deposition (LPCVD) and its

thickness is preferably between 1500 Angstroms and 4000

Angstroms. The first masking dielectric layer 303 is

preferably made of silicon-nitride as deposited by LPCVD and

its thickness is preferably between 1000 Angstroms and 3000

Angstroms. It should be noted that a width and a space of the

plurality of masking photoresist PR1 can be defined to be equal

to a minimum-feature-size (F) of technology used, as shown in

Fig. 2A.

Fig. 2B shows that the first masking dielectric layer 303,

the conductive layer 302, and the thin tunneling-dielectric layer

301 between the plurality of masking photoresist PR1 are

sequentially removed by anisotropic dry etching and the

semiconductor substrate 300 between the plurality of masking

photoresist PR1 is then anisotropically etched to form a

plurality of shallow trenches; and subsequently, the plurality of

masking photoresist PR1 are stripped. Fig. 2B also shows that

a planarized field-oxide layer 304a is formed to fill up each gap

between the first masking dielectric layers 303a. The

planarized field-oxide layer 304a is preferably made of silicon-

dioxide, phosphorous-silicate glass (P-glass), or boro-

phosphorous-silicate glass (BP-glass) as deposited by LPCVD,

high-density plasma (HDP) CVD, or plasma-enhanced (PE)

CVD, and is formed by first depositing a thick-oxide film 304

to fill up each gap between the first masking dielectric layers

303a and then planarizing the deposited thick-oxide film 304

using chemical-mechanical polishing (CMP) with the first

masking dielectric layer 303a as a polishing stop.

Fig. 2C shows that the planarized field-oxide layers 304a

are selectively etched back to a depth equal to a thickness of

the first masking dielectric layer 303a by using anisotropic dry

etching; the first masking dielectric layers 303a are then

removed by hot-phosphoric acid or anisotropic dry etching to

form a flat surface being alternately formed by a first raised

field-oxide layer 304b and the conductive layer 302a; and

subsequently, a second masking dielectric layer 305 is formed

over the flat surface. The second masking dielectric layer 305

is preferably made of silicon-nitrides as deposited by LPCVD

and its thickness is preferably between 5000 Angstroms and

15000 Angstroms. The cross-sectional view along an active

region as indicated by a C-C' line shown is Fig. 2C is shown in

Fig. 3A.

It should be emphasized that there are several methods

that can be used to form the flat surface shown in Fig. 2C.

For examples, the first masking dielectric layer 303 can be

made of silicon-dioxide as deposited by LPCVD, and the first

masking dielectric layers 303a and the deposited thick-oxide

film 304 can be planarized simultaneously by a CMP technique;

the plurality of masking photoresist PR1 can be directly formed

over the conductive layer 302, the plurality of shallow trenches
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are then patterned without the first masking dielectric layer 303,

and the first raised field-oxide layers 304b can be formed by

using CMP. However, the proposed process as shown in Fig.

2A through Fig. 2C is favorable for forming a liner-oxide layer

over the trench surface to eliminate the trench-induced defects.

Referring now to Fig. 3A through Fig. 3J, there are

shown the process steps and their cross-sectional views of

forming a common plateform structure for a scalable split-gate

flash memory cell structure and its contactless flash memory

arrays of the present invention.

Fig. 3A shows that a plurality of masking photoresist

PR2 are formed over the second masking dielectric layer 305 to

define a plurality of scalable regions (under PR2) and a

plurality of common-source regions (between PR2), wherein

each of the plurality of scalable regions as indicated by X1F

comprises a pair of scalable split-gate regions and a scalable

common-drain region being formed between the pair of split-

gate regions and the common-source region as indicated by F

can be defined to be a minimum-feature-size (F) of technology

used. It should be noted that X1 is a scaling factor. If X1 is

equal to 3, the unit cell size of a scalable split-gate flash

memory cell structure of the present invention is equal to 4F2.

In general, the unit cell size is equal to (1+X1)F
2 and is scalable

through X1.

3A 3B 3C

3D 3E 3F

3G 3H 3I

3J

Fig. 3. 3A through 3J show the process steps and their cross-sectional views of forming a common platform structure for a

scalable split-gate flash memory cell structure and its contactless flash memory arrays of the present invention
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Fig. 3B shows that the second masking dielectric layers

305 between the plurality of masking photoresist PR2 are

selectively removed by anisotropic dry etching and the plurality

of masking photoresist PR2 are then stripped.

Fig. 3C shows that the conductive layer 302a in each of

the plurality of common-source regions is etched isotropically

by using either wet etching or isotropic dry etching to form a

pair of undercutting shapes in each of the plurality of scalable

regions. It should be noted that the undercutting shapes can

also be obtained by a conventional oxidation process and the

formed oxide layers are then removed by wet etching.

Fig. 3D shows that the undercutting holes are filled with

the refilled-oxide layer 306b, the first raised field-oxide layers

304b and the remained conductive layer 302b in each of the

plurality of common-source regions are sequentially etched to

form a flat surface being alternately formed by the thin

tunneling-dielectric layer 301a and a fourth raised field-oxide

layer 304c. The refilling process for the undercutting holes

can be easily obtained by first depositing a thick-oxide film 306

to fill up each gap between the second masking dielectric layers

305a, then planarizing the deposited thick-oxide film 306 using

CMP with the second masking dielectric layer 305a as a

polishing stop and thereafter, etching back selectively the

planarized thick-oxide layers 306a using anisotropic dry

etching to a top surface level of the remained conductive layer

302b and etching back the first raised field-oxide layers 304b

to a top surface level of the thin tunneling-dielectric layer 301a

to form the fourth raised field-oxide layers 304e, and thereafter,

removing selectively the remained conductive layers 302b in

each of the plurality of common-source regions. Fig. 3D also

shows that an ion-implantation process is performed by

implanting doping impurities across the thin tunneling-

dielectric layer 301a into the semiconductor substrate 300 in a

self-aligned manner to form a lightly-doped common-source

diffusion region 307a of a second conductivity type in each of

the plurality of active regions.

Fig. 3E shows that a pair of first sidewall dielectric layers

308a are formed over outer sidewalls of nearby scalable

regions and on a portion of the flat surface being alternately

formed by the thin tunneling-dielectric layer 301b and the

fourth raised field-oxide layer 304e; the thin tunneling-

dielectric layers 301a between the pair of first sidewall

dielectric spacers 308a are removed by anisotropic dry etching

or dipping in a dilute hydrofluoric acid solution and the fourth

raised field-oxide layers 304e are simultaneously etched to

form a first flat bed being alternately formed by a fifth raised

field-oxide layer 304f and the lightly-doped common-source

diffusion region 307a in each of the plurality of common-

source regions; a composite conductive layer 310b/309b is then

formed over the first flat bed in each of the plurality of

common-source regions to act as a common-source conductive

bus-line 310b/309b; and subsequently, a first planarized thick-

oxide layer 311a is formed to fill up each gap between the pair

of first sidewall dielectric spacers 308a. The first sidewall

dielectric spacer 308a is preferably made of silicon-dioxide as

deposited by LPCVD and is formed by first depositing a

silicon-dioxide layer 308 and then etching back anisotropically

the deposited silicon-dioxide layer 308 to a thickness of the

deposited silicon-dioxide layer 308. It should be noted that

before etching back the deposited silicon-dioxide layer 308, an

ion-implantation process can be performed by implanting a

high dose of doping impurities across the deposited silicon-

dioxide layer 308 and the thin tunneling-dielectric layer 301a

into the semiconductor substrate 300 in a self-aligned manner

to form a shallow heavily-doped common-source diffusion

region 307b of the second conductivity type within the lightly-

doped common-source diffusion region 307a. The composite

conductive layer 310b/309b comprises a doped polycrystalline-

silicon layer 309b as deposited by LPCVD and a capping

common-source conductive layer 310b such as a tungsten-

disilicide (WSi2) or tungsten (W) layer deposited by LPCVD or

sputtering. The doped polycrystalline-silicon layer 309b can

be further implanted with a high dose of doping impurities to

act as a dopant diffusion source for forming a shallow heavily-

doped common-source diffusion region 307b of the second

conductivity type within the lightly-doped common-source

diffusion region 307a and is formed by first depositing a thick

doped polycrystalline-silicon layer 309, then planarizing the

deposited doped polycrystalline-silicon layer 309 using CMP

with the second masking dielectric layer 305a as a polishing

stop, and thereafter etching back the planarized doped

polycrystalline-silicon layer 309a to a predetermined thickness.

Similarly, the capping common-source conductive layer 310b

can be formed by the same steps as those of the doped

polycrystalline-silicon layer 309b. The first planarized thick-

oxide layer 311a is preferably made of silicon-dioxide, P-glass,

or BP-glass as deposited by LPCVD, HDPCVD, or PECVD

and is formed by first depositing a thick-oxide film 311 to fill

up each gap between the pair of first sidewall dielectric spacers

308a and then planarizing the deposited thick-oxide layer 311

using CMP with the second masking dielectric layer 305a as a

polishing stop.

Fig. 3F shows that the second masking dielectric layers

305a are selectively removed by hot-phosphoric acid or

anisotropic dry etching; a pair of second sidewall dielectric

spacers 312a are formed over outer sidewalls of nearby first

sidewall dielectric spacers 308a to define the widths of a pair of

floating-gate regions 302d and the conductive layers 302c
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between the pair of second sidewall dielectric spacers 312a are

selectively removed by using anisotropic dry etching; and

subsequently, an ion-implantation process is performed in a

self-aligned manner by implanting doping impurities across the

thin tunneling-dielectric layers 301b into the semiconductor

substrate 300 in each of the plurality of active regions between

the pair of second sidewall dielectric spacers 312a to form the

implant region 313a of the first conductivity type. The second

sidewall dielectric spacer 312a is preferably made of silicon-

nitride as deposited by LPVCD and is formed by first

depositing a silicon-nitride layer 312 over a formed structure

surface and then etching back a thickness of the deposited

silicon-nitride layer 312. The implant region 313a comprises

a shallow implant region as indicated by a dashed line for

threshold-voltage adjustment of the select-gate transistors in the

select-gate region and a deep implant region as indicated by the

cross symbols for forming punch-through stops of the select-

gate transistors .

Fig. 3G shows that the thin tunneling-dielectric layers

301b can be removed by dipping in a dilute hydrofluoric acid

solution or anisotropic dry etching and the first raised field-

oxide layers 304b in the plurality of STI regions are slightly

etched to form second raised field-oxide layers 304c and a

thermal-oxidation process can be performed to form a gate-

dielectric layer 314a over each of the plurality of active regions

between the pair of second sidewall dielectric spacers 312a and

a first thermal poly-oxide layer 315a is formed over each

sidewall of the floating-gate layers 302d. It should be noted

that the thin tunneling-dielectric layers 301b may not be

removed and the oxidation process is then performed. It is

clearly seen that a sharp tip-cathode line is formed is each of

the plurality of floating-gate layers 302d. The width of the

sharp tip-cathode line is mainly controlled by the first thermal

poly-oxide layer 315a and the refilled-oxide layer 306b and is

preferably between 100 Angstroms and 300 Angstroms.

Fig. 3H shows that the pair of second sidewall dielectric

spacers 312a are selectively removed by using hot-phosphoric

acid; a thermal-oxidation process is performed to form a second

thermal poly-oxide layer 316a over each of the sharp tip-

cathode lines and a thermal annealing process in a N2O ambient

can be performed to form the nitrided first/second thermal

poly-oxide layers 315a/316a and the nitrided gate-dielectric

layer 314a; a control-gate conductive layer 317b is then formed

in each of the plurality of scalable regions; and subsequently, a

pair of third sidewall dielectric spacers 318a are formed over

outer sidewalls of the pair of first sidewall dielectric spacers

308a and on a portion of the control-gate conductive layers

317b to define a pair of scalable split-gate regions and

simultaneously define a scalable common-drain region being

located between the pair of scalable split-gate regions in each

of the plurality of scalable regions. The thickness of the

nitrided second thermal poly-oxide layer 316a is preferably

between 70 Angstroms and 200 Angstroms and the thickness of

the nitrided first thermal poly-oxide layer 315a is preferably

between 200 Angstroms and 300 Angstroms. The control-

gate conductive layer 317b is preferably made of doped

polycrystalline-silicon as deposited by LPCVD and is formed

by first depositing a thick doped polycrystalline-silicon layer

317, then planarizing the deposited doped polycrystalline-

silicon layer 317 using CMP or etching-back, and thereafter

etching back to a predetermined thickness. The third sidewall

dielectric spacer 318a is preferably made of silicon-nitrides as

deposited by LPCVD and is formed by first depositing a

silicon-nitride layer 318 and then etching back to a thickness of

the deposited silicon-nitride layer 318. It should be noted that

the spacer width of the third sidewall dielectric spacers 318a is

mainly used to determine the width of the scalable split-gate

region and is controlled by the thickness of the deposited

silicon-nitride layer 318. Therefore, the control-gate width of

a scalable split-gate region is scalable. It should be

emphasized that the control-gate conductive layer 317b can be

a composite conductive layer with a doped polycrystalline-

silicon layer capped with a tungsten-disilicide (WSi2) or

tungsten (W) layer.

Fig. 3I shows that a plurality of masking photoresist PR3

are formed over the plurality of common-source regions and a

portion of nearby scalable split-gate regions; the control-gate

conductive layer 317b between the pair of third sidewall

dielectric spacers 318a in each of the plurality of scalable

regions is first etched back to a top surface level of the second

raised field-oxide layers 304c, the second raised field-oxide

layers 304c are then etched back to a top surface level of the

gate-dielectric layer 314a, and the remained control-gate

conductive layers are removed anisotropically to form a flat

surface being formed alternately by the gate-dielectric layer

314a and the third raised field-oxide layer 304d; an ion-

implantation process is performed in a self-aligned manner by

implanting doping impurities across the gate-dielectric layer

314a into the semiconductor substrate 300 to form a lightly-

doped common-drain diffusion region 319a of the second

conductivity type in each of the plurality of active regions

between the pair of third sidewall dielectric spacers 318a.

Fig. 3J shows the gate-dielectric layers 314a between the

pair of third sidewall dielectric spacers 318a are removed by

dipping in a dilute hydrofluoric acid or anisotropic dry etching

and the third raised field-oxide layers 304d are simultaneously

etched to form a second flat bed; and subsequently, the

plurality of masking photoresist PR3 are stripped. Fig. 3J also
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shows that a pair of fourth sidewall dielectric spacers 320a are

formed over outer sidewalls of nearby scalable split-gate

regions and on a portion of the second flat bed. It should be

noted that before etching back the deposited dielectric layer

320 to form the fourth sidewall dielectric spacers 320a, an ion-

implantation process is performed by implanting a high dose of

doping impurities across the deposited dielectric layer 320 into

the semiconductor substrate in a self-aligned manner to form a

shallow heavily-doped common-drain diffusion region 319b of

the second conductivity type within the lightly-doped common-

drain diffusion region 319a in each of the plurality of active

regions. Therefore, the second flat bed is alternately formed

by the shallow heavily-doped common-drain diffusion region

319b and a sixth raised field-oxide layer 304g. Fig. 3J further

shows that a planarized common-drain conductive layer 321a is

formed over the second flat bed to fill up each gap between the

pair of fourth sidewall dielectric spacers 320a in each of the

plurality of scalable common-drain regions. The fourth

sidewall dielectric spacer 320a is preferably made of silicon-

dioxide as deposited by LPCVD and is formed by first

depositing a silicon-dioxide layer 320 over a formed structure

surface and then etching back to a thickness of the deposited

silicon-dioxide layer 320. The planarized common-drain

conductive layer 321a is preferably made of doped

polycrystalline-silicon as deposited by LPCVD and is formed

by first depositing a thick conductive layer 321 to fill up each

gap between the pair of fourth sidewall dielectric spacers 320a

and then planarizing the deposited thick conductive layer 321

using CMP with the pair of third sidewall dielectric spacers

318a as a polishing stop. It should be emphasized that Fig. 3J

forms a common platform structure for fabricating a scalable

split-gate flash memory cell structure and its contactless flash

memory arrays of the present invention.

Referring now to Fig. 4A through Fig. 4C, there are

shown the process steps and their cross-sectional views of

fabricating a scalable split-gate flash memory cell structure and

its contactless NOR-type flash memory array after Fig. 3J.

There are two basic methods for forming a contactless NOR-

type flash memory array. The first method is that the

planarized common-drain conductive layers 321a can be

implanted with a high dose of doping impurities of the second

conductivity type and is then silicided with a refractory metal-

silicide layer such as a titanium-disilicide (TiSi2) or cobalt-

disilicide (CoSi2) layer using a well-known self-aligned

silicidation process; a metal layer 324 is formed over a formed

structure surface and the metal layer 324 together with the

silicided planarized common-drain conductive layers 321a are

simultaneously patterned by a masking photoresist step to form

a plurality of metal bit-lines 324a integrated with silicided

4A

4B

4C

Fig. 4. 4A through 4C show the process steps and their

cross-sectional views for forming a scalable split-

gate flash memory cell structure and its contactless

NOR-type flash memory array of the present

invention after Fig. 3J

planarized common-drain conductive islands 321b. The metal

layer 324 comprises a copper (Cu) or aluminum (Al) layer over

a barrier-matal layer such as a titanium-nitride (TiN) or

tantalum-nitride (TaN) layer. The masking photoresist step

comprises a plurality of masking photoresist being aligned

above the plurality of active regions or a plurality of hard

masking dielectric layers being aligned above the plurality of

active regions and a sidewall dielectric spacer being formed

over each sidewall of the plurality of hard masking dielectric

layers to eliminate misalignment. This process is simple, the

parasitic capacitance between each of the plurality of metal bit-

lines 324a and the control-gate conductive layer 317c being

acted as a conductive word-line is larger due to a high dielectric

constant of the third sidewall dielectric spacer 318a being made

of silicon-nitride. Another method as described in Fig. 4A

through Fig. 4C may give lower parasilic capacitance between

the metal bit-line and the conductive word-line.

Fig. 4A shows that the planarized common-drain
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conductive layers 321a are selectively etched back slightly by

using anisotropic dry etching to remove the curve portions; the

pair of first sidewall dielectric spacers 308a, the first planarized

thick-oxide layers 311a, and the pair of fourth sidewall

dielectric spacers 320a are then etched back to the same depth;

and subsequently, the third sidewall dielectric spacers 318a are

removed by hot-phosphoric acid or anisotropic dry etching.

Fig. 4B shows that a capping control-gate conductive

layer 322b is formed over each of the control-gate conductive-

gate layers 317c and a planarized capping-oxide layer 323a is

then formed over the capping control-gate conductive layer

322b. The capping control-gate conductive layer 322b

comprises a tungsten (W) or tungsten-disilicide (WSi2) layer as

deposited by LPCVD or sputtering and is formed by first

depositing a conductive layer 322 to fill up each gap formed

between the etched-back first sidewall dielectric spacer 308b

and the etched-back fourth sidewall dielectric spacer 320b, then

planarizing the deposited conductive layer 322 using CMP or

etching back, and thereafter etching back the planarized

conductive layers 322a to a predetermined thickness. The

planarized capping-oxide layer 323a is preferably made of

silicon-dioxide, P-glass, or BP-glass as deposited by LPCVD,

HDPCVD, or PECVD and is formed by first depositing a thick-

oxide layer 323 to fill up each gap formed between the etched-

back first sidewall dielectric spacer 308b and the etched-back

fourth sidewall dielectric spacer 320b and then planarizing the

deposited thick-oxide layer 323 using CMP or etching back.

Similarly, the etched-back planarized common-drain

conductive layer 321b can be implanted with a high dose of

doping impurities of the second conductivity type and is then

silicided with a refractory metal-silicide layer by using the

well-known self-aligned silicidation technique.

Fig. 4C shows that a metal layer 324 is formed over a

formed structure surface and the metal layer 324 together with

the etched-back planarized common-drain conductive layers

321b are simultaneously patterned and etched by using a

masking photoresist step to form a plurality of metal bit-lines

324a integrated with etched-back planarized common-drain

conductive islands 321c. As described before, the metal layer

324 comprises a copper or aluminum layer over a barrier-metal

layer; and the masking photoresist step comprises a plurality of

masking photoresist being aligned above the plurality of active

regions or a plurality of hard masking dielectric layers being

aligned above the plurality of active regions and a sidewall

dielectric spacer being formed over each sidewall of the

plurality of hard masking dielectric layers. It is clearly seen

that a plurality of highly conductive word-lines 322b/317c are

formed transversely to the plurality of metal bit-lines 324a and

each of the plurality of metal bit-lines 324a is spaced from the

plurality of highly conductive word-lines 322b/317c by a

planarized capping-oxide layer 323a. It is also clearly seen

that the thickness of the second masking dielectric layer 305 as

described in Fig. 2C is between 10000 Angstroms and 15000

Angstroms, the thickness of the planarized capping-oxide layer

323a is between 5000 Angstroms and 10000 Angstroms, so the

parasitic capacitance between each of the plurality of metal bit-

lines 324a and the plurality of highly conductive word-lines

322b/317c is small.

Referring now to Fig. 5A through Fig. 5C, there are

shown the process steps and their cross-sectional views of

fabricating a scalable split-gate flash memory cell structure and

its contactless parallel common-source/drain bit-lines flash

memory array after Fig. 3J.

Fig. 5A shows that the planarized common-drain

conductive layers 321a are selectively etched back to a

thickness approximately equal to that of the common-source

5A

5B

5C

Fig. 5. 5A through 5C show the process steps and their

cross-sectional views for forming a scalable split-

gate flash memory cell structure and its contactless

parallel common-source/drain conductive bit-lines

flash memory array of the present invention
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conductive layer 309b and an ion-implantation process is

performed by implanting a high dose of doping impurities of

the second conductivity type into the common-drain conductive

layer 325b; a capping common-drain conductive layer 326b is

then formed over the common-drain conductive layer 325b to

act as a common-drain conductive bit-line 326b/325b in each

of the plurality of common-drain regions; and subsequently, a

second planarized thick-oxide layer 327a is formed over the

common-drain conductive bit-line 326b/325b between the pair

of fourth sidewall dielectric spacers 320a. The common-drain

conductive layer 325b is preferably made of doped

polycrystalline-silicon as deposited by LPCVD and is formed

by the same process steps as described for the common-source

conductive layer 309b. The capping common-drain

conductive layer 326b comprises a tungsten-disilicide or

tungsten layer as deposited by LPCVD or sputtering and is

formed by the same process steps as described for the capping

common-source conductive layer 310b in each of the plurality

of common-source regions.

Fig. 5B shows that the pair of first sidewall dielectric

spacers 308a, the first planarized thick-oxide layers 311a, the

pair of fourth sidewall dielectric spacers 320a, and the second

planarized thick-oxide layers 327a are selectively etched back

to eliminate the curve portions by using anisotropic dry etching

or wet etching; the pair of third sidewall dielectric spacers 318a

are then removed by using hot-phosphoric acid or anisotropic

dry etching; and subsequently, a planarized control-gate

conductive layer 328a is formed over the control-gate

conductive layer 317c between the etched-back first sidewall

dielectric spacer 308b and the etched-back fourth sidewall

dielectric spacer 320b. The planarized control-gate

conductive layer 328a is preferably made of tungsten or

tungsten-disilicide or other metal materials being lined with a

barrier-metal layer (not shown) such as a titanium-nitride (TiN)

or tantalum-nitride (TaN) layer. The control-gate structure is

formed by first depositing a barrier-metal layer over a formed

structure surface, and a highly conductive layer 328 is formed

to fill up each gap between the etched-back first sidewall

dielectrics pacer 308b and the etched-back fourth sidewall

dielectric spacer 320b and is then planarized by using CMP or

etching back.

Fig. 5C shows that a metal layer 329 is formed over a

formed structure surface and the metal layer 329 together with

the planarized control-gate conductive layer 328a over the

control-gate conductive layer 317c are simultaneously

patterned and etched by a masking photoresist step to form a

plurality of metal word-lines 329a integrated with planarized

control-gate conductive islands 328b over control-gate

conductive islands 317d. Similarly, the metal layer 329

comprises a copper or aluminum layer over a barrier-metal

layer such as a titanium-nitride (TiN) or tantalum-nitride (TaN)

layer. The masking photoresist step comprises a plurality of

masking photoresist being aligned above the plurality of active

regions or a plurality of hard masking dielectric layers being

aligned above the plurality of active regions and a sidewall

dielectric spacer being formed over each sidewall of the

plurality of hard masking dielectric layers to eliminate

misalignment. It is clearly seen that the plurality of metal

word-lines 329a are formed transversely to a plurality of

common-source conductive bit-lines 310b/309b and a plurality

of common-drain conductive bit-lines 326b/325b.

Fig. 6A shows a top plan view of a contactless NOR-type

flash memory array of the present invention, in which the

plurality of active regions (AA) and the plurality of STI regions

(STI) are alternately formed on the semiconductor substrate

300; the plurality of conductive word-lines (WL) are formed

between the plurality of common-source regions and the

plurality of scalable common-drain regions; each of the

plurality of common-source regions comprises a pair of first

sidewall dielectric spacers 308b and a common-source

conductive bus-line (CSBL) being formed between the pair of

first sidewall dielectric spacers 308b; each of the plurality of

scalable common-drain regions comprises a plurality of

planarized common-drain conductive islands 321c being

integrated with the plurality metal bit-lines 324a; a plurality of

tip-cathode lines 316a are formed between the first thermal

poly-oxide layers 315a and the refilled-oxide layers 306b in the

floating-gate regions. As shown in Fig. 6A, the unit cell size

is equal to equal to 4F2 if X1=3; and the floating-gate region,

the scalable split-gate region, and the scalable common-drain

region are defined by spacer-formation techniques and are

scalable.

Fig. 6B shows a top plan view of a contactless parallel

common-source/drain conductive bit-lines flash memory array

of the present invention, in which the plurality of active regions

(AA) and the plurality of STI regions (STI) are alternately

formed on the semiconductor substrate 300; the plurality of

common-source conducve bit-lines (CSBL) and the plurality of

common-drain conductive bit-lines (CDBL) are formed

alternaltely and transversely to the plurality of active regions

(AA); each of the plurality of common-source conductive bit-

lines (CSBL) is formed between the pair of first sidewall

dielectric spacers 308b; each of the plurality of common-drain

conductive bit-lines (CDBL) is formed between the pair of

fourth sidewall dielectric spacers 320b; the plurality of metal

word-lines (WL) integrated with planarized control-gate

conductive islands 328b over control-gate conductive islands

317d are formed transversely to the plurality of common-
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source conductive bit-lines (CSBL) and the plurality of

common-drain conductive bit-lines (CDBL); each of floating-

gate regions comprises a plurality of tip-cathode lines 316a and

each of the plurality of tip-cathode lines 316a is formed

between the first thermal poly-oxide layer 315a and the

refilled-oxide layer 306b in each of the floating-gate layers.

As shown in Fig. 6B, the unit cell size is equal to 4F2 if X1=3;

and the floating-gate region, the scalable split-gate region, and

the scalable common-drain region are defined by spacer-

formation techniques and are also scalable.

6A

6B

Fig. 6. 6A and 6B show the top plan views of the present

invention, in which 6A shows a top plan view of a

contactless NOR-type flash memory array and 6B

shows a top plan view of a contactless parallel

common-source/drain conductive bit-lines flash

memory array

III. DISCUSSION
Based on the above description, the features and

advantages of the scalable split-gate flash memory cell

structure and its contactless flash memory arrays are

summarized below:

1. The scalable split-gate flash memory cell structure of the

present invention can offer as a scalable cell size equal to

4F2 or smaller using spacer-formation techniques.

2. The scalable split-gate flash memory cell structure of the

present invention offers a controllable tip-cathode line for

efficiently erasing stored electrons in the floating-gate layer

to the control-gate conductive layer.

3. The scalable split-gate flash memory cell structure and its

contactless flash memory arrays of the present invention can

be fabricated by using less critical masking steps.

4. The contactless NOR-type flash memory array of the present

invention offers a plurality of metal bit-lines integrated with

planarized common-drain conductive islands, a plurality of

highly conductive common-source bus-lines with less

parasitic junction capacitance, and a plurality of conductive

word-lines for high-speed read/write/erase operations.

5. The contactless parallel common-source/drain conductive

bit-lines flash memory array of the present invention offers

a plurality of metal word-lines integrated with planarized

control-gate conductive islands over control-gate conductive

islands and a plurality of common-source/drain conductive

bit-lines with less parasitic junction capacitance for high

speed read/write/erase operations.

While the present invention has been particularly shown

and described with a reference to the present examples and

embodiments as considered as illustrative and not restrictive.

Moreover, the present invention is not to be limited to the

details given herein, it will be understood by those skilled in

the art that various changes in form and details may be made

without departure from the true spirit and scope of the present

invention.

IV. SUMMARY
A scalable split-gate flash memory cell structure of the

present invention is fabricated on a semiconductor substrate of

a first conductivity type with an active region being formed

between two shallow-trench-isolation (STI) regions and

comprises a common-source region, a scalable split-gate region,

and a scalable common-drain region, wherein the scalable split-

gate region is formed between the common-source region and

the scalable common-drain region. The common-source

region comprises a common-source diffusion region of a

second conductivity type being formed in the active region, a

first sidewall dielectric spacer being formed over an outer
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sidewall of the scalable split-gate region and on a portion of a

flat surface being formed by a tunneling-dielectric layer in the

active region and two fourth raised field-oxide layers in the two

STI regions, a common-source conductive bus-line being

formed over a first flat bed outside of the first sidewall

dielectric spacer, and a first planarized thick-oxide layer being

formed over the common-source conductive bus-line, wherein

the common-source diffusion region comprises a shallow

heavily-doped common-source diffusion region being formed

within a lightly-doped common-source diffusion region and the

first flat bed comprises the shallow heavily-doped common-

source diffusion in the active region and two fifth raised field-

oxide layers in the two STI regions. The scalable split-gate

region being defined by a third sidewall dielectric spacer

formed over an outer sidewall of the common-source region

comprises a floating-gate region being defined by a second

sidewall dielectric spacer formed over the outer sidewall of the

common-source region and a select-gate region being formed

outside of the floating-gate region, wherein a floating-gate

layer over a thin tunneling-dielectric layer is formed over the

semiconductor substrate in the active region of the floating-gate

region and a portion of a control-gate conductive layer over a

gate-dielectric layer is formed over an implant region of the

first conductivity type in the active region of the select-gate

region. The implant region comprises a shallow implant

region for threshold-voltage adjustment of the select-gate

transistor and a deep implant region for forming a punch-

through stop. The floating-gate layer comprises a tip-cathode

line being formed between a first thermal poly-oxide layer

formed over an outer sidewall of the floating-gate layer near

the select-gate region and a refilled-oxide layer formed over an

upper corner portion of the floating-gate layer near the

common-source region, and a second thermal poly-oxide layer

being formed over the tip-cathode line as a tunneling-dielectric

layer. A control-gate conductive layer capped with a capping

control-gate conductive layer is formed over the floating-gate

region and the select-gate region in the scalable split-gate

region to act as a conductive word-line for forming a first-type

scalable split-gate flash memory cell of the present invention,

wherein a planarized capping-oxide layer is formed over the

capping control-gate conductive layer. A metal word-line

integrated with a planarized control-gate conductive island over

a control-gate conductive island is patterned to be aligned

above the active region for forming a second-type scalable

split-gate flash memory cell of the present invention, wherein

the control-gate conductive island is formed over the floating-

gate layer in the floating-gate region and the gate-dielectric

layer in the select-gate region. The scalable common-drain

region comprises a common-drain diffusion region of the

second conductivity type and a fourth sidewall dielectric spacer

being formed over another sidewall of the scalable split- gate

region and on a portion of a second flat bed, wherein the

common-drain diffusion region comprises a shallow heavily-

doped common-drain diffusion region being formed within a

lightly-doped common-drain diffusion region and the second

flat bed comprises the shallow heavily-doped common-drain

diffusion region being formed in the active region and two

sixth raised field-oxide layers in the two STI regions. A metal

bit-line integrated with a planarized common-drain conductive

island is patterned to be aligned above the active region for

forming the first-type scalable split-gate flash memory cell of

the present invention, wherein the planarized common-drain

conductive island is formed over the shallow heavily-doped

common-drain diffusion region outside of the fourth sidewall

dielectric spacer. A common-drain conductive layer capped

with a capping common-drain conductive layer is formed over

the second flat bed outside of the fourth sidewall dielectric

spacer for forming the second-type scalable split-gate flash

memory cell of the present invention, wherein a second

planarized thick-oxide layer is formed over the capping

common-drain conductive layer.

The scalable split-gate flash memory cell structure of the

present invention is used to implement two contactless flash

memory arrays: a contactless NOR-type flash memory array

and a contactless parallel common-source/drain conductive bit-

lines flash memory array. The contactless NOR-type flash

memory array comprises a plurality of active regions and a

plurality of STI regions being alternately formed on a

semiconductor substrate of a first conductivity type, a plurality

of first-type scalable flash memory cells being formed over the

semiconductor substrate, a plurality of common-source

conductive bus-lines being formed transversely to the plurality

of active regions, a plurality of conductive word-lines being

formed transversely to the plurality of active regions, and a

plurality of metal bit-lines integrated with the planarized

common-drain conductive islands of the plurality of first-type

scalable split-gate flash memory cells being formed

transversely to the plurality of conductive word-lines. The

contactless parallel common-source/drain conductive bit-lines

flash memory array of the present invention comprises a

plurality of active regions and a plurality of STI regions being

alternately formed on a semiconductor substrate of a first

conductivity type, a plurality of second-type scalable split-gate

flash memory cells being formed over the semiconductor

substrate, a plurality of common-source conductive bit-lines

and a plurality of common-drain conductive bit-lines being

formed alternately and transversely to the plurality of active

regions, a plurality of metal word-lines integrated with the
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planarized control-gate conductive islands over the control-gate

conductive islands being formed transversely to the plurality of

common-source/drain conductive bit-lines.

The unit cell size of the contactless flash memory arrays

is scalable and can be fabricated to be equal to 4F2 or smaller

and the critical masking steps used are less than those of the

prior art.
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