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(57) ABSTRACT 

A stack-gate ?ash cell structure of the present invention 
comprises a gate region being formed betWeen common 
source/drain regions. The common-source/drain region 
comprises a common-source/drain diffusion region, an 
etched-back planariZed silicon dioxide layer being formed 
over a portion of a tunneling dielectric layer, and a pair of 
extended ?oating-gate spacers being formed over side por 
tions of the etched-back planariZed silicon dioxide layer. The 
gate region comprises a major ?oating-gate being integrated 
With nearby tWo extended ?oating-gate spacers to form an 
integrated ?oating-gate. A Word line together With an inter 
gate dielectric layer being at least formed over the integrated 
?oating-gate are simultaneously patterned and etched. Acell 
isolation region is formed outside of the Word line and 
betWeen the common-source/drain regions. The stack-gate 

Int. Cl.7 ................................................ .. H01L 29/788 ?ash cell structure is used to implement tWo contactless ?ash 
US. Cl. ............................................................ .. 257/315 memory arrays. 
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STACK-GATE FLASH CELL STRUCTURE HAVING 
A HIGH COUPLING RATIO AND ITS 

CONTACTLESS FLASH MEMORY ARRAYS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a stack-gate ?ash 
memory cell and its ?ash memory array and, more particu 
larly, to a stack-gate ?ash cell structure having a high 
coupling ratio and its contactless ?ash memory arrays. 

DESCRIPTION OF THE RELATED ART 

[0002] A stack-gate ?ash memory cell is knoWn to be a 
one-transistor cell, in Which a gate length of the cell can be 
de?ned to be a minimum feature siZe of technology used. 
As a consequence, the stack-gate ?ash memory cell is often 
used in a high-density ?ash memory system. The stack-gate 
?ash memory cell can be con?gured into different array 
architectures such as NAND, NOR, and AND, based on the 
basic logic function. 

[0003] For a NAND-type ?ash memory array, the stack 
gate ?ash memory cell is connected in series With common 
source/drain diffusion regions. In general, a unit cell siZe of 
a NAND-type ?ash memory array is small, but the read 
speed is sloW due to the series resistance of the con?gura 
tion. For a NOR-type ?ash memory array, the read speed is 
much faster, but the unit cell siZe is larger than that of a 
NAND-type ?ash memory array due to the bit-line contacts, 
and the punch-through effect becomes a major concern for 
further device scaling if the channel hot-electron injection 
(CHEI) is used as a programming method. For a AND-type 
?ash memory array, the stack-gate ?ash memory cells are 
connected in parallel through the buried source/drain diffu 
sion lines, the unit cell siZe is slightly larger than that of a 
NAND-type ?ash memory array but is smaller than of a 
NOR-type ?ash memory array, and the read speed is faster 
than that of a NAND-type ?ash memory array and is sloWer 
than that a NOR-type ?ash memory array. 

[0004] FIG. 1A shoWs a schematic top plan vieW of a 
conventional NOR-type ?ash memory array, in Which a 
cross-sectional vieW along a A-A‘ line is shoWn in FIG. 1B 
and a cross-sectional vieW along a B-B‘ line is shoWn in 
FIG. 1C. As shoWn in FIG. 1A, an active region 101b is 
de?ned on a semiconductor substrate 100 by a ?rst masking 
photoresist step With isolation regions 101a being formed 
outside of the active region 101b,‘ the ?oating-gate layers 
103 together With the control-gate layers 105 are simulta 
neously patterned by a third masking photoresist step, in 
Which the Width of the ?oating-gate layers 103 is patterned 
by a second masking photoresist step and the control-gate 
layer 105 is acted as a Word line (WL1 or WL2); the active 
regions 101b outside of the control-gate layers 105 are 
implanted With a high dose of doping impurities in a 
self-aligned manner to form common-source diffusion 
regions 106a and common-drain diffusion regions 106b,‘ an 
interlayer dielectric layer 107 is formed over a formed 
structure surface and is then planariZed; the contact holes 
108 are formed over the common-drain diffusion regions 
106b by a fourth masking photoresist step; a tungsten plug 
being lined With a barrier metal layer 108a is formed to ?ll 
each of the contact holes 108 and is planariZed; and the 
metal layers 109 being patterned by a ?fth masking photo 
resist step are formed over the tungsten plugs 108a to act as 
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the bit lines (BL1 and BL2). It is clearly seen that a 
NOR-type ?ash memory array shoWn in FIG. 1A needs at 
least ?ve masking photoresist steps and a unit cell (UC) siZe 
as indicated by a dash square is at least 9E2. 

[0005] FIG. 1B shoWs a cross-sectional vieW along a A-A‘ 
line shoWn in FIG. 1A, in Which tWo stack-gate structures 
are formed on a semiconductor substrate 100. Each of the 
stack-gate structures comprises a control-gate layer 105 over 
an intergate dielectric layer 104 being formed over a ?oat 
ing-gate layer 103; a tunneling dielectric layer 102 being 
formed under the ?oating-gate layer 103 and on the semi 
conductor substrate 100; and a common-source diffusion 
region 106a and a common-drain diffusion region 106b 
being formed in surface portions of the semiconductor 
substrate 100 in a self-aligned manner by using the stack 
gate structures as implantation masks. A contact hole 108 
being ?lled With a tungsten plug 108a is formed over a 
surface portion of the common-drain diffusion region 106b, 
and a metal layer 109 acting as a bit line is formed over the 
interlayer dielectric layer 107 and is connected to the 
tungsten plug 108a. It is clearly seen from FIG. 1B that the 
fourth masking photoresist step is required to form the 
contact hole 108 betWeen tWo stack-gate structures and 
misalignment of the contact hole 108 Would result in asym 
metric parasitic drain resistance for nearby stack-gate struc 
tures. 

[0006] FIG. 1C shoWs a cross-sectional vieW along a B-B‘ 
line shoWn in FIG. 1A, in Which a ?oating-gate layer 103 is 
formed over a tunneling dielectric layer 102 and tWo ?eld 
oXide (FOX) layers 110a to increase the coupling ratio; an 
intergate dielectric layer 104 is formed over the ?oating-gate 
layer 103 and portions of the ?eld-oxide layers 110a; a 
control-gate layer 105 is formed over the intergate dielectric 
layer 104; an interlayer dielectric layer 107 is formed over 
the control-gate layer 107; and a metal layer 109 is formed 
over a surface portion of the interlayer dielectric layer 107 
and is aligned above a middle portion of the tunneling 
dielectric layer 102. It is clearly seen from FIG. 1C that the 
second masking photoresist step is required to pattern the 
Width of the ?oating-gate layer 103 and misalignment 
betWeen the ?oating-gate layer 103 With respect to the 
tunneling dielectric layer 102 in the active region 101b 
Would occur and Will result in asymmetric ?eld distribution 
near tWo edges during programming and erasing. 

[0007] It is, therefore, a major objective of the present 
invention to offer a stack-gate ?ash cell structure With an 
integrated ?oating-gate being formed along a channel-length 
direction to largely increase the coupling ratio of a cell. 

[0008] It is another objective of the present invention to 
offer a parallel common-source/drain diffusion bit-lines 
array being fabricated With less masking photoresist steps. 

[0009] It is a further objective of the present invention to 
offer a parallel common-source/drain diffusion bit-lines 
array having a unit cell siZe of 4E2. 

[0010] Other objectives and advantages of the present 
invention Will be more apparent in a later description. 

SUMMARY OF THE INVENTION 

[0011] The present invention discloses a stack-gate ?ash 
cell structure and its contactless ?ash memory arrays. The 
stack-gate ?ash cell structure comprises a gate region being 
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formed between common-source/drain regions, Wherein the 
gate region being de?ned by a ?rst masking photoresist step 
is formed on a semiconductor substrate of a ?rst conduc 
tivity type. Each of the common-source/drain regions com 
prises a common-source/drain diffusion region being formed 
in a surface portion of the semiconductor substrate, an 
etched-back planariZed silicon dioxide layer over a ?rst 
portion of a tunneling dielectric layer being formed on the 
common-source/drain diffusion region, and a pair of 
extended ?oating-gate spacers being formed over side por 
tions of the etched-back planariZed silicon dioxide layer in 
each of the common-source/drain regions. The gate region 
comprises a major ?oating-gate being formed over a second 
portion of the tunneling dielectric layer and integrated With 
nearby tWo extended ?oating-gate spacers to form an inte 
grated ?oating-gate, Wherein an implant region of the ?rst 
conductivity type comprising a shalloW implant region for 
threshold-voltage adjustment and a deep implant region for 
forming a punch-through stop can be formed in a middle 
surface portion of the semiconductor substrate in the gate 
region. AWord line together With an intergate dielectric layer 
is formed over the integrated ?oating-gate and the etched 
back planariZed silicon dioxide layer betWeen the pair of 
extended ?oating-gate spacers in each of the common 
source/drain regions, Wherein the Word line, the intergate 
dielectric layer, and the integrated ?oating-gate are simul 
taneously patterned and etched by a second masking pho 
toresist step. A cell isolation region comprising an isolation 
implant region of the ?rst conductivity type or a shalloW 
trench isolation region being formed in a surface portion of 
the semiconductor substrate outside of the Word line and 
betWeen the common-source/drain regions. 

[0012] The contactless ?ash memory array of the present 
invention comprises a plurality of gate regions being de?ned 
by a ?rst masking photoresist step, Wherein each of the 
plurality of gate regions is formed over a semiconductor 
substrate of a ?rst conductivity type betWeen common 
source/drain regions. Each of the common-source/drain 
regions comprises a common-source/drain diffusion region 
being formed in a surface portion of the semiconductor 
substrate to act as a buried diffusion bit line, an etched-back 
planariZed silicon dioxide layer over a ?rst portion of a 
tunneling dielectric layer being formed over the common 
source/drain diffusion region, and a plurality of paired 
extended ?oating-gate spacers being formed over side por 
tions of the etched-back planariZed silicon dioxide layer. 
Each of the plurality of gate regions comprises a plurality of 
major ?oating-gates being formed over a second portion of 
the tunneling dielectric layer and integrated With nearby 
extended ?oating-gate spacers to form a plurality of inte 
grated ?oating-gates, Wherein an implant region of the ?rst 
conductivity type comprising a shalloW implant region for 
threshold-voltage adjustment and a deep implant region for 
forming a punch-through stop can be formed in a middle 
surface portion of the semiconductor substrate under each of 
the plurality of major ?oating-gates. A plurality of Word 
lines together With a plurality of intergate dielectric layers 
are formed over the plurality of integrated ?oating-gates and 
the etched-back planariZed silicon dioxide layers betWeen 
the plurality of paired extended ?oating-gate spacers in each 
of the common-source/drain regions, Wherein the plurality 
of Word lines, the plurality of intergate dielectric layers, and 
the plurality of integrated ?oating-gates are simultaneously 
patterned and etched by a second masking photoresist step. 
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Aplurality of cell isolation regions comprising a plurality of 
isolation implant regions or a plurality of shalloW trench 
isolation regions are formed in surface portions of the 
semiconductor substrate outside of the plurality of Word 
lines and betWeen the common-source/drain regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1A through FIG. 1C shoW schematic dia 
grams of a prior art, in Which FIG. 1A shoWs a schematic 
top plan vieW of a NOR-type ?ash memory array; FIG. 1B 
shoWs a cross-sectional vieW along a A-A‘ line as indicated 
in FIG. 1A; and FIG. 1C shoWs a cross-sectional vieW 
along a B-B‘ line as indicated in FIG. 1A. 

[0014] FIG. 2A through FIG. 2G shoW process steps and 
their cross-sectional vieWs for forming a ?rst-type stack-gate 
?ash cell structure and its ?rst-type contactless common 
source/drain diffusion bit-lines ?ash memory array of the 
present invention. 

[0015] FIG. 3A through FIG. 3E shoW schematic dia 
grams of the ?rst-type contactless common-source/drain 
diffusion bit-lines ?ash memory array of the present inven 
tion, in Which FIG. 3A shoWs a schematic top plan vieW; 
FIG. 3B shoWs a cross-sectional vieW along a B-B‘ line as 
indicated in FIG. 3A; FIG. 3C shoWs a cross-sectional vieW 
along a C-C‘ line as indicated in FIG. 3A; FIG. 3D shoWs 
a cross-sectional vieW along a D-D‘ line as indicated in FIG. 
3A; and FIG. 3E shoWs a schematic circuit representation. 

[0016] FIG. 4A through FIG. 4D shoW simpli?ed process 
steps after FIG. 2C and their cross-sectional vieWs for 
forming a second-type stack-gate ?ash cell structure and its 
second-type contactless common-source/drain diffusion bit 
lines ?ash memory array of the present invention. 

[0017] FIG. 5A through FIG. 5F shoW schematic dia 
grams of the second-type contactless common-source/drain 
diffusion bit-lines ?ash memory array of the present inven 
tion, in Which FIG. 5A shoWs a schematic top plan vieW; 
FIG. 5B shoWs a cross-sectional vieW along a B-B‘ line as 
indicated in FIG. 5A; FIG. 5C shoWs a cross-sectional vieW 
along a C-C‘ line as indicated in FIG. 5A; FIG. 5D shoWs 
a cross-sectional vieW along a D-D‘ line as indicated in FIG. 
5A; FIG. 5E shoWs a cross-sectional vieW along a E-E‘ line 
as indicated in FIG. 5A; and FIG. 5F shoWs a schematic 
circuit representation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] Referring noW to FIG. 2A through FIG. 2G, there 
are shoWn process steps and their cross-sectional vieWs for 
forming a ?rst-type stack-gate ?ash cell structure and its 
?rst-type contactless common-source/drain diffusion bit 
lines ?ash memory array of the present invention. 

[0019] FIG. 2A shoWs that a tunneling dielectric layer 301 
is formed on a semiconductor substrate 300 of a ?rst 
conductivity type; a ?rst conductive layer 302 is then formed 
over the tunneling dielectric layer 301; and a masking 
dielectric layer 303 is formed over the ?rst conductive layer 
302. The tunneling dielectric layer 301 is preferably a 
thermal oxide layer or a nitrided thermal oxide layer and its 
thickness is preferably betWeen 70 Angstroms and 120 
Angstroms. The ?rst conductive layer 302 is preferably 
made of doped polycrystalline silicon or doped amorphous 
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silicon as deposited by loW-pressure chemical vapor depo 
sition (LPCVD) technique and its thickness is preferably 
betWeen 1000 Angstroms and 3000 Angstroms. The mask 
ing dielectric layer 303 is preferably made of silicon nitride 
as deposited by LPCVD and its thickness is preferably 
betWeen 1000 Angstroms and 3000 Angstroms. 

[0020] FIG. 2B shoWs that a structure shoWn in FIG. 2A 
is patterned by a ?rst masking photoresist (PR1) step (not 
shoWn) to de?ne a plurality of gate regions (GR); the 
masking dielectric layer 303 and the ?rst conductive layer 
302 in each of common-source/drain regions (CS/DR) are 
sequentially removed by anisotropic dry etching; and sub 
sequently, common-source/drain diffusion regions 304a are 
formed by implanting doping impurities across the tunneling 
dielectric layer 301 into the semiconductor substrate 300 in 
a self-aligned manner. There are several doping structures 
for the common-source/drain diffusion regions 304a: the 
common-source/drain diffusion region can be a heavily 
doped diffusion region of a second conductivity type or a 
shalloW heavily-doped diffusion region of a second conduc 
tivity type being formed Within a lightly-doped diffusion 
region of the second conductivity type; the common-source 
diffusion region can be a shalloW heavily-doped diffusion 
region of a second conductivity type being formed Within a 
lightly-doped diffusion region of the second conductivity 
type and the common-drain diffusion region can be a shal 
loW heavily-doped diffusion region of the second conduc 
tivity type or a shalloW heavily-doped diffusion region of the 
second conductivity type being formed Within a moderately 
doped diffusion region of the ?rst conductivity type. It 
should be emphasiZed that different doping types or struc 
tures in the common-source diffusion regions and the com 
mon-drain diffusion regions need at least an additional 
masking photoresist step. 

[0021] FIG. 2C shoWs that a planariZed silicon dioxide 
layer 305a is used to ?ll a gap in each of the common 
source/drain regions (CS/DR). The planariZed silicon diox 
ide layer 305a is preferably deposited by LPCVD, high 
density plasma (HDP) CVD, or plasma-enhanced (PE) CVD 
and is formed by ?rst depositing a thick silicon dioxide layer 
305 to ?ll a gap in each of the common-source/drain regions 
(CS/DR) and then planariZing the deposited thick silicon 
dioxide layer 305 by using chemical-mechanical polishing 
(CMP) With the patterned masking dielectric layer 303a as 
a polishing stop. It should be noted that the tunneling 
dielectric layer 301 in each of the common-source/drain 
regions (CS/DR) can be removed before forming the pla 
nariZed silicon dioxide layers 305a. 

[0022] FIG. 2D shoWs that the planariZed silicon dioxide 
layers 305a are etched back to have a thickness betWeen 500 
Angstroms and 1000 Angstroms to form etched-back pla 
nariZed silicon dioxide layers 305b. 

[0023] FIG. 2E shoWs that the patterned masking dielec 
tric layers 303a are selectively removed by using hot phos 
phoric acid or anisotropic dry etching. 

[0024] FIG. 2F shoWs that a pair of sideWall conductive 
spacers 306a are formed over sideWalls of nearby patterned 
?rst conductive layer 302a in each of the common-source/ 
drain regions (CS/DR). The pair of sideWall conductive 
spacers. 306a are preferably made of doped polycrystalline 
silicon or doped amorphous silicon as deposited by LPCVD 
and are formed by ?rst depositing a second conductive layer 
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306 and then etching back a thickness of the deposited 
second conductive layer 306. It should be noted that the 
spacer Width of the pair of sideWall conductive spacers 306a 
is mainly controlled by a thickness of the deposited second 
conductive layer 306. 

[0025] FIG. 2G shoWs an intergate dielectric layer 307 is 
formed over a structure surface shoWn in FIG. 2F; a third 
conductive layer 308 is then formed over the intergate 
dielectric layer 307; a metal layer 309 is formed over the 
third conductive layer 308; and subsequently, the metal layer 
309, the third conductive layer 308, the intergate dielectric 
layer 307, the pair of sideWall conductive spacers 306a, and 
the patterned ?rst conductive layers 302a are simultaneously 
patterned by a second masking photoresist (PR2) step (not 
shoWn) to form a plurality of Word lines 309a/308a over a 
plurality of intergate dielectric layers 307a being formed 
over a plurality of integrated ?oating-gates 302b/306b, 
Wherein the plurality of Word lines 309a/308a are formed 
transversely to the common-source/drain diffusion regions 
304a. It should be noted that a plurality of cell isolation 
regions 310a (not shoWn) are formed in surface portions of 
the semiconductor substrate 300 outside of the plurality of 
Word lines 309a/308a and betWeen nearby common-source/ 
drain regions (CS/DR). Each of the plurality of cell isolation 
regions comprises an isolation implant region of the ?rst 
conductive type or a shalloW trench isolation (STI) region. 
The intergate dielectric layer 307 is preferably an oxide 
nitride-oxide (ONO) layer and its equivalent oxide thickness 
is preferably betWeen 80 Angstroms and 150 Angstroms. 
The third conductive layer 308 is preferably made of doped 
polycrystalline silicon or doped amorphous silicon as depos 
ited by LPCVD and its thickness is preferably betWeen 1500 
Angstroms and 2500 Angstroms. The metal layer 309 is 
preferably a copper (Cu) or aluminum layer being 
formed over a barrier metal layer such as a titanium nitride 
(TiN) or tantalum nitride (TaN) layer. It should be noted that 
the metal layer 309 can be a tungsten layer over a barrier 
metal layer or a tungsten disilicide (WSi2) layer. It is clearly 
seen from FIG. 2G that the integrated ?oating-gate 302b/ 
306b comprising a major ?oating-gate 302b and tWo 
extended ?oating-gate spacers 306b may largely increase the 
coupling ratio of a stack-gate ?ash cell as indicated by a dash 
square and tWo masking photoresist steps are required to 
form a ?rst-type contactless parallel common-source/drain 
diffusion bit-lines array of the present invention. 

[0026] Referring noW to FIG. 3A, there is shoWn a top 
plan vieW of the ?rst type stack-gate ?ash cell structure and 
its ?rst-type contactless parallel common-source/drain dif 
fusion bit-lines array of the present invention, in Which a 
cross-sectional vieW along aA-A‘ line is shoWn in FIG. 2G. 
As shoWn in FIG. 3A, a plurality of gate regions (GR) are 
de?ned alternately, Wherein each of the plurality of gate 
regions (GR) is formed betWeen common-source/drain 
regions (CS/DR); a plurality of common-source/drain dif 
fusion regions 304a being formed in the common-source/ 
drain regions (CS/DR) are acted as a plurality of buried 
diffusion bit lines (BL’s); a plurality of Word lines (WL’s) 
309a/308a are de?ned to be perpendicular to the plurality of 
buried diffusion bit lines (BL’s) and are formed above the 
integrated ?oating-gates 302b/306b; and a plurality of cell 
isolation regions 310a are formed in surface portions of the 
semiconductor substrate 300 outside of the plurality of Word 
lines (WL’s) 309a/308a and betWeen nearby common 
source/drain regions (CS/DR). Aunit cell (UC) as indicated 
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by a dash square can be made to be equal to 4F2 if the Width 
of the cell isolation region 310a and the Width of the Word 
line 309a/308a are de?ned to be a minimum feature siZe 

[0027] FIG. 3B shows a cross-sectional vieW along a B-B‘ 
line as indicated in FIG. 3A, Wherein an etched-back 
planariZed silicon dioxide layer 305b over a tunneling 
dielectric layer 301 is formed over a common-source/drain 
diffusion region 304a; a plurality of Word lines 309a/308a 
over a plurality of intergate dielectric layers 307a are 
simultaneously patterned and etched by a second masking 
photoresist step. 

[0028] FIG. 3C shoWs a cross-sectional vieW along a C-C‘ 
line as indicated in FIG. 3A, Wherein the plurality of Word 
lines 309a/308a, the plurality of intergate dielectric layers 
307a, and the plurality of eXtended ?oating-gate spacers 
306b are simultaneously patterned and etched by the second 
masking photoresist step; and the etched-back planariZed 
silicon dioXide layer 305b over the tunneling dielectric layer 
301 are formed over each of the common-source/drain 
diffusion regions 304a. 

[0029] FIG. 3D shoWs a cross-sectional vieW along a D-D‘ 
line as indicated in FIG. 3A, Wherein the plurality of Word 
lines 309a/308a, the plurality of intergate dielectric layers 
307a, and the plurality of major ?oating-gates 302b are 
simultaneously patterned and etched by the second masking 
photoresist step and the isolation implant region 310a is 
formed in a surface portion of the semiconductor substrate 
300 betWeen nearby Word lines 309a/308a. It should be 
noted that the tunneling dielectric layer 301 betWeen nearby 
Word lines 309a/308a can be removed and the semiconduc 
tor substrate 300 betWeen nearby Word lines 309a/308a can 
be anisotropically etched to form a shalloW trench. 

[0030] FIG. 3E shoWs a schematic circuit representation 
of the ?rst-type contactless parallel common-source/drain 
bit-lines array, in Which a plurality of ?rst-type stack-gate 
?ash cell structures are formed betWeen the common-source/ 
drain diffusion regions 304a being acted as a plurality of 
buried diffusion bit-lines (BL’s) and the plurality of Word 
lines (WL’s) 309a/308a are formed transversely to the 
plurality of buried diffusion bit lines (BL’s). 

[0031] Referring noW to FIG. 4A through FIG. 4D, there 
are shoWn simpli?ed process steps after FIG. 2C and their 
cross-sectional vieWs for forming a second-type stack-gate 
?ash cell structure and its second-type contactless parallel 
common-source/drain diffusion bit-lines ?ash memory 
array. 

[0032] FIG. 4A shoWs that the patterned masking dielec 
tric layers 303a shoWn in FIG. 2C are selectively removed 
by hot phosphoric acid or anisotropic dry etching; a pair of 
sideWall dielectric spacers 312a are then formed over side 
Walls of nearby planariZed silicon dioXide layer 305a and on 
a portion of the patterned ?rst conductive layer 302a in each 
of the plurality of gate regions (GR); the patterned ?rst 
conductive layer 302a betWeen the pair of sideWall dielectric 
spacers 312a is etched to form a shalloW trench in each of 
the patterned ?rst conductive layers 302a; and an ion 
implantation is performed in a self-aligned manner to form 
an implant region 313a of the ?rst conductivity type in a 
surface portion of the semiconductor substrate 300 betWeen 
the pair of sideWall dielectric spacers 312a. The pair of 
sideWall dielectric spacers 312a are preferably made of 
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silicon nitride as deposited by LPCVD and are formed by 
?rst depositing a silicon nitride layer 312 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 dash line for threshold-voltage adjustment 
and a deep implant region as indicated by cross symbols for 
forming a punch-through stop. 

[0033] FIG. 4B shoWs a planariZed conductive layer 311a 
is formed over a gap betWeen the pair of sideWall dielectric 
spacers 312a in each of the plurality of gate regions (GR). 
The planariZed conductive layer 311a is preferably made of 
doped polycrystalline silicon or doped amorphous silicon as 
deposited by LPCVD and is formed by ?rst depositing a 
conductive layer 311 to ?ll a gap betWeen the pair of 
sideWall dielectric spacers 312a and then planariZing the 
deposited conductive layer 311 using CMP With the pair of 
sideWall dielectric spacers 312a as a polishing stop. 

[0034] FIG. 4C shoWs that the planariZed conductive 
layer 311a is etched back to a depth equal to a top surface 
level of the patterned ?rst conductive layer 302a; the 
planariZed silicon dioxide layer 305a in each of the com 
mon-source/drain regions (CS/DR) is etched back to have a 
thickness betWeen 500 Angstroms and 1000 Angstroms; the 
pair of sideWall dielectric spacers 312a are then removed by 
hot phosphoric acid or anisotropic dry etching; and subse 
quently, a pair of sideWall conductive spacers 306a are 
formed over sideWalls of nearby patterned ?rst conductive 
layers 302C and on a portion of the etched-back planariZed 
silicon dioXide layer 305b in each of the common-source/ 
drain regions (CS/DR). The pair of sideWall conductive 
spacers 306a are preferably made of doped polycrystalline 
silicon or doped amorphous silicon as deposited by LPCVD 
and are formed by ?rst depositing a second conductive layer 
306 and then etching back a thickness of the deposited 
second conductive layer 306. 

[0035] FIG. 4D shoWs that an intergate dielectric layer 
307 is formed over a structure surface shoWn in FIG. 4C; a 
third conductive layer 308 is then formed over the intergate 
dielectric layer 307; a metal layer 309 is formed over the 
third conductive layer 308; and the metal layer 309, the third 
conductive layer 308, the pair of sideWall conductive spac 
ers 306a, and the patterned ?rst conductive layer 302c 
together With the etched-back planariZed conductive layers 
311b are simultaneously patterned and etched by a second 
masking photoresist (PR1) step (not shoWn) to form a 
plurality of Word lines (WL’s) 309a/308a as described in 
FIG. 2G. Similarly, a plurality of cell isolation regions 310a 
are formed in surface portions of the semiconductor sub 
strate 300 outside of the plurality of Word lines (WL’s) 
309a/308a and betWeen the common-source/drain regions 
(CS/DR). A unit cell (UC) as marked by a dash square can 
be made to be equal to 4F2 if the Width of the Word line 
309a/308a and the Width of the cell isolation region 310a are 
de?ned to be a minimum feature siZe of technology used. 
It is clearly seen that FIG. 4D is the same as FIG. 2G eXcept 
that an implant region 313a is formed in a middle surface 
portion of the semiconductor substrate 300 under the major 
?oating-gate 311c/302d to improve the punch-through effect 
of a scaled cell. 

[0036] Referring noW to FIG. 5A, there is shoWn a 
schematic top plan vieW of the second-type contactless 
parallel common-source/drain diffusion bit-lines array of the 
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present invention, in Which a cross-sectional vieW along a 
A-A‘ line as indicated in FIG. 5A is shown in FIG. 4D. 
Comparing FIG. 5A to FIG. 3A, it is clearly seen that FIG. 
5A is the same as FIG. 3A except that an implant region 
313a is formed under each of the etched-back planariZed 
conductive layers 311c as marked in FIG. 5A. Therefore, a 
further description for FIG. 5A is neglected. 

[0037] FIG. 5B shoWs a cross-sectional vieW along a B-B‘ 
line as indicated in FIG. 5A, Which is the same as FIG. 3B. 
A further description of FIG. 5B can refer to that of FIG. 
3B. 

[0038] FIG. 5C shoWs a cross-sectional vieW along a C-C‘ 
line as indicated in FIG. 5A, Which is also the same as FIG. 
3C. Similarly, a further description of FIG. 5C can refer to 
that of FIG. 3C. 

[0039] FIG. 5D shoWs a cross-sectional vieW along a D-D‘ 
line as indicated in FIG. 5A. It is clearly seen that FIG. 5D 
is the same as FIG. 3D and a further description of FIG. 5D 
can refer to that of FIG. 3D. 

[0040] FIG. 5E shoWs a cross-sectional vieW along a E-E‘ 
line as indicated in FIG. 5A, in Which a major ?oating-gate 
302b in FIG. 3D is replaced by an etched-back planariZed 
conductive island 311c being formed Within the patterned 
?rst conductive island 302d in FIG. 5E and an implant 
region 313a as described is formed in a surface portion of 
the semiconductor substrate 300 under the etched-back 
planariZed conductive island 311c. A further description of 
FIG. 5E can refer to that of FIG. 3D. 

[0041] FIG. 5F shoWs a schematic circuit representation 
of the second-type contactless parallel common-source/ 
drain diffusion bit-lines array of the present invention. It is 
clearly seen that FIG. 5F is the same as FIG. 3E except that 
a circle is marked under a middle portion of the major 
?oating-gate for each of the second-type stack-gate ?ash cell 
structure to indicate an implant region 313a being formed to 
improve the punch-through effect of the scaled cell. 

[0042] Accordingly, the features and advantages of the 
present invention as described above can be summariZed as 
folloWs: 

[0043] (a) The stack-gate ?ash cell structure of the 
present invention offers an integrated ?oating-gate to 
largely increase the coupling ratio Without an addi 
tional masking photoresist step. 

0044 b The stack- ate ?ash cell structure of the g 
present invention can offer a unit cell siZe of 4P2. 

[0045] (c) The stack-gate ?ash cell structure of the 
present invention can offer an implant region in a 
middle portion of the semiconductor substrate under 
the major ?oating-gate to improve the punch 
through effect of the scaled cell. 

[0046] (d) The stack-gate ?ash cell structure and its 
contactless parallel common-source/drain diffusion 
bit-lines array of the present invention can be fabri 
cated by using only tWo masking photoresist steps. 

[0047] (e) The contactless parallel common-source/ 
drain diffusion bit-lines array of the present inven 
tion offers a plurality of metal Word lines to largely 
reduce the Word-line resistance of a high-density 
?ash memory array. 
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[0048] 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. 

What is claimed is: 
1. A stack-gate ?ash cell structure, comprising: 

a semiconductor substrate of a ?rst conductivity type; 

a cell region comprising a gate region being formed over 
said semiconductor substrate, Wherein said gate region 
being formed betWeen a common-source region and a 
common-drain region is de?ned by a ?rst masking 
photoresist step; 

said common-source region comprising a common-source 
diffusion region being formed in a ?rst surface portion 
of said semiconductor substrate, an etched-back pla 
nariZed silicon dioxide layer over a ?rst portion of a 
tunneling dielectric layer being formed over said com 
mon-source diffusion region, and a pair of extended 
?oating-gate spacers being formed on side portions of 
said etched-back planariZed silicon dioxide layer; 

said common-drain region comprising a common-drain 
diffusion region being formed in a second surface 
portion of said semiconductor substrate, said etched 
back planariZed silicon dioxide layer over a second 
portion of said tunneling dielectric layer being formed 
over said common-drain diffusion region, and said pair 
of extended ?oating-gate spacers being formed on side 
portions of said etched-back planariZed silicon dioxide 
layer; 

said gate region comprising a major ?oating-gate being 
formed over a third portion of said tunneling dielectric 
layer, Wherein said major ?oating-gate is integrated 
With nearby tWo extended ?oating-gate spacers to form 
an integrated ?oating-gate; 

a Word line on an intergate dielectric layer being formed 
over said integrated ?oating-gate and a portion of said 
etched-back planariZed silicon dioxide layers betWeen 
said pair of extended ?oating-gate spacers, Wherein 
said Word line, said intergate dielectric layer, and said 
integrated ?oating-gate are simultaneously patterned 
and etched by using a second masking photoresist step; 
and 

a cell isolation region being formed in each side surface 
portion of said semiconductor substrate outside of said 
Word line and betWeen said common-source region and 
said common-drain region. 

2. The stack-gate ?ash cell structure according to claim 1, 
Wherein said common-source diffusion region comprises a 
heavily-doped common-source diffusion region of a second 
conductivity type or a shalloW heavily-doped common 
source diffusion region of a second conductivity type being 
formed Within a lightly-doped common-source diffusion 
region of said second conductivity type. 

3. The stack-gate ?ash cell structure according to claim 1, 
Wherein said common-drain diffusion region comprises a 
shalloW heavily-doped common-drain diffusion region of a 
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second conductivity type being formed Within a lightly 
doped common-source diffusion region of said second con 
ductivity type or a heavily-doped common-drain diffusion 
region of a second conductivity type. 

4. The stack-gate ?ash cell structure according to claim 1, 
Wherein said common-drain diffusion region comprises a 
shalloW heavily-doped common-drain diffusion region of a 
second conductivity type being formed Within a moderately 
doped common-drain diffusion region of said ?rst conduc 
tivity type. 

5. The stack-gate ?ash cell structure according to claim 1, 
Wherein an implant region of said ?rst conductivity type 
comprising a shalloW implant region for threshold-voltage 
adjustment and a deep implant region for forming a punch 
through stop is formed in a middle surface portion of said 
semiconductor substrate under said major ?oating-gate and 
is located betWeen a pair of sideWall dielectric spacers being 
formed over sideWalls of said gate region and on a surface 
portion of said major ?oating-gate. 

6. The stack-gate ?ash cell structure according to claim 1, 
Wherein said cell isolation region comprises an isolation 
implant region of said ?rst conductivity type or a shalloW 
trench isolation region. 

7. The stack-gate ?ash cell structure according to claim 1, 
Wherein said Word line comprises a metal layer over a barrier 
metal layer being formed over a doped polycrystalline 
silicon or doped amorphous silicon layer or a tungsten 
disilicide (WSi2) layer being formed over a doped polycrys 
talline silicon or doped amorphous silicon layer. 

8. A stack-gate ?ash cell structure, comprising: 

a semiconductor substrate of a ?rst conductivity type; 

a cell region comprising a gate region being formed over 
said semiconductor substrate, Wherein said gate region 
being formed betWeen a common-source region and a 
common-drain region is de?ned by a ?rst masking 
photoresist step; 

said common-source region comprising a common-source 
diffusion region of a second conductivity type being 
formed in a ?rst surface portion of said semiconductor 
substrate, an etched-back planariZed silicon dioxide 
layer over a ?rst portion of a tunneling dielectric layer 
being formed over said common-source diffusion 
region, a pair of extended ?oating-gate spacers being 
formed on side portions of said etched-back planariZed 
silicon dioxide layer; 

said common-drain region comprising a common-drain 
diffusion region being formed in a second surface 
portion of said semiconductor substrate, said etched 
back planariZed silicon dioxide layer over a second 
portion of said tunneling dielectric layer being formed 
over said common-drain diffusion region, and said pair 
of extended ?oating-gate spacers being formed on side 
portions of said etched-back planariZed silicon dioxide 
layer; 

said gate region comprising a major ?oating-gate being 
formed over a third portion of said tunneling dielectric 
layer, Wherein said major ?oating-gate is integrated 
With nearby tWo extended ?oating-gate spacers to form 
an integrated ?oating-gate; 

a Word line on an intergate dielectric layer being formed 
over said integrated ?oating-gate and a portion of said 
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etched-back planariZed silicon dioxide layers betWeen 
said pair of extended ?oating-gate spacers, Wherein 
said Word line, said intergate dielectric layer, and said 
integrated ?oating-gate are simultaneously patterned 
and etched by using a second masking photoresist step; 
and 

a cell isolation region being formed in each side surface 
portion of said semiconductor substrate outside of said 
Word line and betWeen said common-source region and 
said common-drain region. 

9. The stack-gate ?ash cell structure according to claim 8, 
Wherein said common-drain diffusion region comprises a 
heavily-doped common-drain diffusion region of said sec 
ond conductivity type or a shalloW heavily-doped common 
drain diffusion region of said second conductivity type being 
formed Within a lightly-doped common-drain diffusion 
region of said second conductivity type. 

10. The stack-gate ?ash cell structure according to claim 
8, Wherein said common-drain diffusion region comprises, a 
heavily-doped common-drain diffusion region of said sec 
ond conductivity type being formed Within a moderately 
doped common-drain diffusion region of said ?rst conduc 
tivity type. 

11. The stack-gate ?ash cell structure according to claim 
8, Wherein said Word line comprises a metal layer over a 
barrier metal layer being formed over a doped polycrystal 
line silicon or doped amorphous silicon layer or a tungsten 
disilicide (WSi2) layer being formed over a doped polycrys 
talline silicon or doped amorphous silicon layer. 

12. The stack-gate ?ash cell structure according to claim 
8, Wherein an implant region of said ?rst conductivity type 
comprising a shalloW implant region for threshold-voltage 
adjustment and a deep implant region for forming a punch 
through stop is formed in a middle surface portion of said 
semiconductor substrate under said major ?oating-gate and 
is located betWeen a pair of sideWall dielectric spacers being 
formed over sideWalls of said gate region and on a portion 
of said major ?oating-gate. 

13. A contactless ?ash memory array, comprising: 

a semiconductor substrate of a ?rst conductivity type; 

a plurality of gate regions being alternately formed over 
said semiconductor substrate, Wherein each of the plu 
rality of gate regions being formed betWeen a common 
source region and a common-drain region is de?ned by 
a ?rst masking photoresist step; 

said common-source region comprising a common-source 
diffusion region being formed in a ?rst surface portion 
of said semiconductor substrate to act as a common 
source buried diffusion bit line, an etched-back pla 
nariZed silicon dioxide layer over a ?rst portion of a 
tunneling dielectric layer being formed over said com 
mon-source diffusion region, and a plurality of paired 
extended ?oating-gate spacers being formed on side 
portions of said etched-back planariZed silicon dioxide 
layer; 

said common-drain region comprising a common-drain 
diffusion region being formed in a second surface 
portion of said semiconductor substrate to act as a 
common-drain buried diffusion bit line, said etched 
back planariZed silicon dioxide layer over a second 
portion of said tunneling dielectric layer being formed 
over said common-drain diffusion region, and the plu 
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rality of paired extended ?oating-gate spacers being 
formed on side portions of said etched-back planariZed 
silicon dioxide layer; 

each of the plurality of gate regions comprising a plurality 
of major ?oating-gates being formed over a third 
portion of said tunneling dielectric layer, Wherein each 
of the plurality of major ?oating-gates is integrated 
With nearby tWo eXtended ?oating-gate spacers to form 
an integrated ?oating-gate; 

a plurality of Word lines on a plurality of intergate 
dielectric layers being formed over a surface formed 
alternately by said integrated ?oating-gate and said 
etched-back planariZed silicon dioXide layer betWeen 
nearby integrated ?oating-gates, Wherein the plurality 
of Word lines, the plurality of intergate dielectric layers, 
and said integrated ?oating-gates are simultaneously 
patterned and etched by using a second masking pho 
toresist step; and 

a plurality of cell isolation regions being formed in 
surface portions of said semiconductor substrate out 
side of the plurality of Word lines and betWeen said 
common-source region and said common-drain region. 

14. The contactless ?ash memory array according to claim 
13, Wherein said common-source diffusion region comprises 
a heavily-doped common-source diffusion region of a sec 
ond conductivity type or a shalloW heavily-doped common 
source diffusion region of a second conductivity type being 
formed Within a lightly-doped common-source diffusion 
region of said second conductivity type. 

15. The contactless ?ash memory array according to claim 
13, Wherein said common-drain diffusion region comprises 
a heavily-doped common-drain diffusion region of a second 
conductivity type or a shalloW heavily-doped common-drain 
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diffusion region of a second conductivity type being formed 
Within a lightly-doped common-drain diffusion region of 
said second conductivity type. 

16. The contactless ?ash memory array according to claim 
13, Wherein said common-drain diffusion region comprises 
a shalloW heavily-doped common-drain diffusion region of 
a second conductivity type being formed Within a moder 
ately-doped common-drain diffusion region of said ?rst 
conductivity type. 

17. The contactless ?ash memory array according to claim 
13, Wherein each of the plurality of cell isolation regions 
comprises an isolation implant region of said ?rst conduc 
tivity type or a shalloW trench isolation region. 

18. The contactless ?ash memory array according to claim 
13, Wherein each of the plurality of Word lines comprises a 
metal layer over a barrier metal layer being formed over a 
doped polycrystalline silicon or doped amorphous silicon 
layer or a tungsten disilicide (WSi2) layer being formed over 
a doped polycrystalline silicon or doped amorphous silicon 
layer. 

19. The contactless ?ash memory array according to claim 
13, Wherein an implant region of said ?rst conductivity type 
comprising a shalloW implant region for threshold-voltage 
adjustment and a deep implant region for forming a punch 
through stop is formed in a middle surface portion of said 
semiconductor substrate under each of the plurality of major 
?oating-gates. 

20. The contactless ?ash memory array according to claim 
13, Wherein each of the plurality of intergate dielectric layers 
comprises an oXide-nitride-oXide (ONO) layer and said 
tunneling dielectric layer comprises a thermal-oxide layer or 
a nitrided thermal-oxide layer. 

* * * * * 


