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(57) ABSTRACT 

The structure of the FLASH device includes a ?rst dielectric 
layer formed on a substrate. A ?oating gate With spacer 
pro?le formed on the ?rst dielectric layer. Adielectric spacer 
is formed on the ?oating gate for isolation. A second 
dielectric layer is formed along the approximately vertical 
surface of the ?oating gate and the dielectric spacer and a 
lateral portion of the second dielectric layer laterally extends 
over the substrate adjacent the ?oating gate. A control gate 
is formed on the lateral portion of the second dielectric layer 
that laterally extends over the substrate. The control gate is 

31, 2002. formed on the lateral portion of the second dielectric layer. 
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METHOD OF FORMING TWIN-SPACER GATE 
FLASH DEVICE AND THE STRUCTURE OF THE 

SAME 

[0001] The present invention relates to a semiconductor 
device, and more speci?cally, to a FLASH device With 
tWin-spacer ?oating gate and the structure of the same. 

BACKGROUND OF THE INVENTION 

[0002] The semiconductor industry has been advanced to 
the ?eld of Ultra Large Scale Integrated (ULSI) technolo 
gies. The fabrication of the nonvolatile memories also 
folloWs the trend of the siZe reduction of a device. Thanks 
to their advantages, such as non-volatility, fast access time 
and loW- poWer dissipation, non-volatile memory can be 
applied as portable handy equipments, solid-state camera 
and PC cards. As knoWn in the art, the nonvolatile memories 
are currently used in electronic devices to store structure 
data, program data and other data during repeated reading 
and Writing operations. The ?eld of the nonvolatile memo 
ries has recently focused on the electrically erasable pro 
grammable read only memory (EEPROM). The nonvolatile 
memories include various types of devices. One of the 
famous types is called EEPROM (electrically erasable pro 
grammable read only memory). Different types of devices 
have been developed for speci?c applications. These parts 
have been developed With a focus on the high endurance and 
high-speed requirements. EEPROM needs multi-layer of 
polysilicon and silicon dioXide, therefore, multi-masking are 
used during the fabrication, thereby increasing the time for 
manufacturing the devices. One of the present researches is 
focus on hoW to integrate the manufacture process to reduce 
the cost. One of the approaches is to integrate the memory 
process With the CMOS fabrication. 

[0003] As knoWn, a conventional EEPROM comprises a 
stacked gate including a ?oating gate used for storing 
charge, and a controlling gate Which is used for controlling 
data storage. The ?oating gate is located betWeen the control 
gate and the substrate Without connecting to any bias line. 
The control gate connects to a Word line. Asource region and 
a drain region are coupled to a bit line. Memory arrays 
comprise a plurality of cells arranged on roWs and columns, 
and each memory cell is identi?ed by an oWn address and 
biases are coupled to the roW and the column of the cell, so 
that the cell can be read and Written. In general, the roWs are 
knoWn as Word lines, and the columns are knoWn as bit lines. 
Electrical connections are made With respect to each drain to 
enable separate accessing of each memory cell. Such inter 
connections are arranged in lines comprising the columns of 
the array. The sources in FLASH memory, hoWever, are 
typically all interconnected and provided at one potential, 
for eXample ground, throughout the array. Accordingly, prior 
art techniques have been utiliZed to form a line of continu 
ously running implanted source material Within the semi 
conductor substrate and running parallel With the ?oating 
gate Word lines. In a principal technique of achieving the 
same, the substrate has ?rst been fabricated to form ?eld 
oXide regions by LOCOS. The fabrication forms alternating 
strips of active area and LOCOS ?eld oXide running sub 
stantially perpendicular to the ?oating gate Word lines that 
Will be subsequently formed. Thus running immediately 
adjacent and parallel With the respective Word lines Will be 
an alternating series of LOCOS isolation regions and active 
area regions on both the source and drain sides of a respec 
tive line of ?oating gates. 
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[0004] Aprior art that relates to the ?eld is disclosed in the 
US. Pat. No. 6,174,759 to Verhaar, entitled “Method of 
manufacturing a semiconductor device”. The assignee is 
US. Philips Corporation (NeW York, NY.) and ?led the 
prior art on May 3, 1999. The method disclosed a process 
that can integrate With the CMOS process. Lucent Tech 
nologies, Inc. disclosed a single poly EEPROM on May 31, 
2000 in US. Pat. No. 6,191,980. The device includes control 
device and erase device, all of Which share a common 
polysilicon ?oating gate Which is designed to retain charge 
in the programmed memory cell. 

[0005] TaiWan Semiconductor Manufacturing Company 
disclosed a FLASH having spacer ?oating gate adjacent to 
the control gate in US. Pat. No. 6,228,695, entitled “Method 
to fabricate split-gate With self-aligned source and self 
aligned ?oating gate to control gate”, ?led on May 27, 1999. 
A split-gate FLASH memory cell having self-aligned source 
and ?oating gate self-aligned to control gate is disclosed as 
Well as a method of forming the same. This is accomplished 
by depositing over a gate oXide layer on a silicon substrate 
a poly-1 layer to form a vertical control gate folloWed by 
depositing a poly-2 layer to form a spacer ?oating gate 
adjacent to the control gate With an intervening intergate 
oXide layer. The source is self-aligned and the ?oating gate 
is also formed to be self-aligned to the control gate, thus 
making it possible to reduce the cell siZe. The resulting 
self-aligned source alleviates punch-through from source to 
control gate While the self-aligned ?oating gate With respect 
to the control gate provides improved programmability. The 
method also replaces the conventional poly oxidation pro 
cess thereby yielding improved sharp peak of ?oating gate 
for improved erasing and Writing of the split-gate FLASH 
memory cell. 

[0006] Motorola, Inc. disclosed a FLASH device With 
spacer ?oating gate. Please turn to US. Pat. No. 5,494,838, 
entitled “Process of making EEPROM memory device hav 
ing a sideWall spacer ?oating gate electrode”. The article is 
?led on Feb. 27, 1996. 

SUMMARY OF THE INVENTION 

[0007] The object of the present invention is to disclose a 
nonvolatile memory With tWin-spacer, Wherein the tWin 
spacer includes a conductive spacer ?oating gate and a 
conductive spacer control gate. 

[0008] The further object of the present invention is to 
disclose a nonvolatile memory With a self-aligned control 
gate. 

[0009] The steps of the present invention include forming 
the LOCOS for isolation. Apad oXide and a nitride layer are 
formed on the substrate. Subsequently, the nitride layer is 
neXt pattern on the substrate by using conventional lithog 
raphy procedure. Successively, a polysilicon layer is formed 
along the surface of the nitride masking. The neXt step is to 
perform an anisotropically etch for etching the polysilicon 
layer, thereby forming conductive spacer lying on the side 
Wall of the opening of the nitride masking as the ?oating 
gate. Aportion of the oXide layer is also removed to eXpose 
the substrate. 

[0010] TEOS-oXide spacer is then formed on the conduc 
tive spacer by using conventional deposition and anisotro 
pical etching. After the TEOS-oXide spacer is formed, a 
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blanket ion implantation With n type conductive dopants 
such as arsenic and phosphorus are respectively doped into 
the substrate using the TEOS-oxide spacer as masking. 
Therefore, the n type highly doped source region is formed 
adjacent to the ?oating gate structures. 

[0011] A further TEOS-oxide layer is formed on the 
nitride masking and the TEOS-oxide spacer, folloWed by 
etching the TEOS-oxide layer to remain the residual oxide 
on the top of the TEOS-oxide spacer. Next, the nitride 
masking and the pad oxide 6 are removed. In a preferred 
embodiment, the silicon nitride material may be removed by 
the using a heated solution of phosphorus acid. The silicon 
oxide layer may be removed by HF solution or BOE (buffer 
oxide etching) solution. A gate dielectric layer is then 
formed on the substrate after the removal of the nitride 
masking and pad oxide. 

[0012] A dielectric layer is formed along the surface of the 
?oating gates as a tunneling dielectric layer (or called 
inter-gate dielectric layer). Preferably, the tunneling dielec 
tric may be composed by oxide, nitride, silicon oxynitride, 
ON (oxide/nitride) or ONO (oxide/nitride/oxide). A further 
conductive layer is formed on the tunneling dielectric layer 
as a control gate. Finally, an etching process is introduced to 
de?ne the control gate and the control gate is self-aligned to 
the ?oating gate Without the alignments procedure. 

[0013] The structure of the FLASH device includes a ?rst 
dielectric layer formed on a substrate. A ?oating gate With 
spacer pro?le formed on the ?rst dielectric layer. Adielectric 
spacer is formed on the ?oating gate for isolation. A second 
dielectric layer is formed along the approximately vertical 
surface of the ?oating gate and the dielectric spacer and a 
lateral portion of the second dielectric layer laterally extends 
over the substrate adjacent the ?oating gate. A control gate 
is formed on the lateral portion of the second dielectric layer 
that laterally extends over the substrate. The control gate is 
formed on the lateral portion of the second dielectric layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same becomes better understood by 
reference to the folloWing detailed descriptions, When taken 
in conjunction With the accompanying draWings, Wherein: 

[0015] FIG. 1 is a cross sectional vieW of a substrate 
illustrating the step of forming ?eld oxide according to the 
present invention. 

[0016] FIG. 2 is a cross sectional vieW of a substrate 
illustrating the step of forming nitride pattern according to 
the present invention. 

[0017] FIG. 3 is a cross sectional vieW of a substrate 
illustrating the step of forming the polysilicon spacer 
according to the present invention. 

[0018] FIG. 4 is a cross sectional vieW of a substrate 
illustrating the step of forming N+ doped region according 
to the present invention. 

[0019] FIG. 5 is a cross sectional vieW of a substrate 
illustrating the step of forming oxide layer according to the 
present invention. 

[0020] FIG. 6 is a cross sectional vieW of a substrate 
illustrating the step of removing the nitride layer according 
to the present invention. 
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[0021] FIG. 7 is a cross sectional vieW of a substrate 
illustrating the step of forming control gate according to the 
present invention. 

[0022] FIG. 8 is a cross sectional vieW of a substrate 
illustrating the step of forming interconnection according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0023] The present invention proposes a novel method to 
fabricate the FLASH device and the structure of the same. 
The aspect of the present invention includes that the device 
has a spacer ?oating gate and the control gate is also shaped 
With the spacer pro?le. Further, the control gate Will be 
self-aligned on the ?oating gate during formation. The detail 
description of the method Will be seen as folloWs. Turning 
to FIG. 1, it shoWs the cross sectional vieW according to the 
present invention. The ?rst procedure of the present inven 
tion is to form the LOCOS for isolation. 

[0024] The steps for forming the LOCOS are illustrated as 
folloWs. Asubstrate 2 for forming the semiconductor device 
according to the present invention suitably includes a single 
crystal Wafer 2 With a <100> or <111> crystallographic 
orientation. Other substrate material may be used. In a 
preferred embodiment, a silicon dioxide layer (not shoWn) is 
formed to a thickness of about 150 to 400 angstroms. 
HoWever, the silicon dioxide layer is suitably formed using 
thermal oxidation. The temperature for this process may be 
about higher than 900 centigrade degrees. Alternatively, the 
silicon oxide layer can also be formed using a chemical 
vapor deposition (CVD) process, With a tetraethyl orthosili 
cate (TEOS) source, at a temperature betWeen about 600 to 
800° C. and a pressure betWeen about 0.1 to 10 torr. Further, 
the silicon oxide layer also acts as a cushion betWeen the 
silicon substrate 2 and a subsequent silicon nitride layer for 
reducing stress during subsequent oxidation for forming 
isolation. 

[0025] Subsequently, a silicon nitride layer (not shoWn) is 
formed on the silicon dioxide to a thickness of about 500 to 
1000 angstroms. After the silicon nitride layer is formed, a 
photoresist is patterned on the silicon nitride layer to de?ne 
active areas. The silicon nitride layer and the oxide are 
etched using the photoresist as an etching mask. Any suit 
able process can deposit the silicon nitride layer. For 
example, loW pressure chemical vapor deposition (LPCVD), 
plasma enhanced chemical vapor deposition (PECVD), or 
high density plasma chemical vapor deposition (HDPCVD) 
may be used. In the preferred embodiment, the reaction 
gases used to form silicon nitride layer 6 are SiH4, NH3, N2, 
N20 or SiH2Cl2, NH3, N2, N2O. In the preferred embodi 
ment, the silicon nitride layer is etched using CF4 plasma as 
the etchant. The photoresist is then removed. Then, a thermal 
oxidation process is performed using the silicon nitride layer 
as a mask at a temperature betWeen about 1000 to 1100° C. 
to form isolation 4 in the substrate 2. Therefore, the con 
ventional LOCOS structure is formed for isolation. Then, 
the nitride and oxide are both removed. 

[0026] Turning to FIG. 2, a further pad oxide 6 and the 
nitride layer 8 are respectively formed on the substrate 2. 
Subsequently, the nitride masking 8 is next pattern on the 
substrate 2 by using conventional lithography procedure. 
The method for forming the nitride 8 and oxide 6 are 
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illustrated as previously mentioned procedure. Successively, 
a polysilicon layer 10 is formed along the surface of the 
nitride masking 8. The next step is performed to anisotro 
pically etch the polysilicon layer 10, thereby forming con 
ductive spacer 10a lying on the sideWall of the opening of 
the nitride masking 8 as the ?oating gate. Preferably, the 
conductive spacers 10 are formed of doped polysilicon layer 
or in-situ doped polysilicon. A portion of the oxide layer 6 
is also removed to expose the substrate 2, a shoWn in FIG. 
3. 

[0027] Referring to FIG. 4, a TEOS-oxide spacer 12 is 
formed on the conductive spacer 10a by using conventional 
deposition and anisotropical etching. The oxide for forming 
the oxide spacer 12 may be formed using other knoWn oxide 
chemical compositions and procedures. For example, the 
TEOS-oxide layer can be silicon dioxide formed using a 
chemical vapor deposition process, With a tetraethyl ortho 
silicate (TEOS) source, at a temperature betWeen about 600 
to 800 degrees centigrade and a pressure of about 0.1 to 10 
torr. The TEOS-oxide spacer 12 is utiliZed to limit the 
doped-ion regions. In another case, the dielectric spacer 12 
may be omitted and the procedure for forming the structure 
is optional. 

[0028] After the TEOS-oxide spacer 12 is formed. A 
blanket ion implantation With n type conductive dopants 
such as arsenic and phosphorus are respectively doped into 
the substrate 2 using the TEOS-oxide spacer 12 as masking. 
Therefore, the n type highly doped source region 14 is 
formed adjacent to the ?oating gate structures 10a. The 
energy and dosage of the arsenic implantation are about 50 
to 70 KeV, 4E16 to 6E16 atoms/cm2, respectively. Further, 
The energy and dosage of the phosphorus implantation are 
about 40 to 60 KeV, 2E15 to 4E15 atoms/cm2. 

[0029] Please see FIG. 5, a further TEOS-oxide layer 16 
is formed on the nitride masking 8 and the TEOS-oxide 
spacer 12, folloWed by etching the TEOS-oxide layer 16 to 
remain the residual oxide on the top of the TEOS-oxide 
spacer 12. If the dielectric spacer 12 is omitted, then the 
oxide plug formed by the TEOS-oxide layer 16 Will be 
located on the ?oating gate 10. Next, the nitride masking 8 
and the pad oxide 6 is removed as shoWn in FIG. 6. In a 
preferred embodiment, the silicon nitride material may be 
removed by the using a heated solution of phosphorus acid. 
The silicon oxide layer 4 may be removed by HF solution or 
BOE (buffer oxide etching) solution. Please turn to FIG. 6, 
a gate dielectric layer 18 is then formed on the substrate 2 
after the removal of the nitride masking 8 and pad oxide 6. 
This step can be omitted, namely, is optional. 

[0030] As shoWn in FIGS. 6, a dielectric layer 20 is 
formed along the surface of the ?oating gates as a tunneling 
dielectric layer (or called inter-gate dielectric layer). Pref 
erably, the tunneling dielectric may be composed by oxide, 
nitride, silicon oxynitride, ON (oxide/nitride) or ONO 
(oxide/nitride/oxide). A further conductive layer 22, such as 
doped polysilicon layer, is formed on the tunneling dielectric 
layer 20 as a control gate. Finally, turning to FIG. 7, etching 
processes is introduced to de?ne the control gate 16. It 
should be noted that the control gate is self-aligned on the 
?oating gate Without the masking and alignments procedure. 
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[0031] The next procedures are to form the interconnec 
tion and doped regions. These steps may be achieved by 
various methods. One of the methods Will be introduced as 

an example rather than limiting to the present invention. 
Turning to FIG. 8, an isolation layer 24 is formed on the cell 
structure for isolation. A contact hole is formed in the 

isolation layer 24 and the memory cell is separated by the 
etching for forming via hole. Then, doped region 28 is 
formed by ion implantation through the contact hole into the 
substrate 2. Conductive plugs 26 are subsequently formed in 
the isolation layer 24 by using the conventional manner. 

[0032] The structure of the FLASH device includes a ?rst 
dielectric layer 6 formed on a substrate 2. A?oating gate 10a 
With spacer pro?le formed on the ?rst dielectric layer 6. A 
dielectric spacer 12 is formed on the ?oating gate for 
isolation. A second dielectric layer 20 is formed along the 
approximately vertical surface of the ?oating gate 10a and 
the dielectric spacer 12 and a lateral portion of the second 
dielectric layer 20 laterally extends over the substrate adja 
cent the ?oating gate 10a. A control gate 22 is formed on the 
lateral portion of the second dielectric layer 20 that laterally 
extends over the substrate and the control gate 22 is attached 
on the second dielectric layer 20. 

[0033] Some parameters of the preferred embodiment for 
the present invention are illustrated in Table 1 and Table 2 

as folloWs. As Will be understood by persons skilled in the 
art, the foregoing parameters of the present invention is 
illustrative of the present invention rather than limiting the 
present invention. 

[0034] As Will be understood by persons skilled in the art, 
the foregoing preferred embodiment of the present invention 
is illustrative of the present invention rather than limiting the 
present invention. Having described the invention in con 
nection With a preferred embodiment, modi?cation Will noW 
suggest itself to those skilled in the art. Thus, the invention 
is not to be limited to this embodiment, but rather the 
invention is intended to cover various modi?cations and 

similar arrangements included Within the spirit and scope of 
the appended claims, the scope of Which should be accorded 
the broadest interpretation so as to encompass all such 
modi?cations and similar structures. While the preferred 
embodiment of the invention has been illustrated and 
described, it Will be appreciated that various changes can be 
made therein Without departing from the spirit and scope of 
the invention. 

TABLE 1 

FLASH memory device parameters 

p-substrate 8-12Q-cm 
tunnel oxide thickness 70~1OOA 
?oating gate thickness 1500A 
ONO thickness 250~5OOA 
control gate thickness ~5000A 
source/drain implant As75, 50-70 Kev, SE15, tilt 0 deg 

P31, 40-60 Kev, 31515, tilt 0 deg 
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[0035] 

TABLE 2 

FLASH memory cell operation conditions 

MODE 
bias conditions programming erasing reading 

Control gate 8 V 4 V 3 V 10~12 V 2 V 

(word line) 
Source 4 V 8 V 6 V O V 4 V 
Drain (bit line) 0.8 V O V O V 

What is claimed is: 
1. A method for forming a FLASH device comprising: 

forming a pad oxide layer on a substrate; 

forming a ?rst dielectric layer on said pad oxide layer; 

patterning said ?rst dielectric layer; 

forming a ?rst conductive layer over said patterned ?rst 
dielectric layer; 

etching said ?rst conductive layer to form conductive 
spacer on sidewalls of said patterned ?rst dielectric 
layer to act as a ?oating gate; 

forming a dielectric spacer over said ?oating gate; 

performing an ion implantation to form a ?rst doped 
region in said substrate using said dielectric spacer as 
a masking; 

forming a second dielectric layer on said ?rst dielectric 
layer and said dielectric spacer; 

etching said second dielectric layer to remain residual 
portion on said dielectric spacer; 

removing said ?rst dielectric layer and said pad oxide 
layer; 

forming inter-gate dielectric layer over said substrate, said 
?oating gate and said dielectric spacer; 

forming a second conductive layer on said inter-gate 
dielectric layer; and 

etching said second conductive layer to form a control 
gate, wherein said control gate is self-aligned to said 
?oating gate, thereby forming a cell unit. 

2. The method of claim 1, further comprising following 
steps after forming said control gate: 

forming an isolation layer on said cell unit; 

forming via holes in said isolation layer; 

forming a second doped region in said substrate via said 
via hole; and 

forming conductive plugs in said via holes. 
3. The method of claim 1, wherein said ?rst dielectric 

layer includes nitride. 
4. The method of claim 3, wherein said ?rst dielectric 

layer is removed by heated solution of phosphorus acid. 
5. The method of claim 1, wherein said pad oxide is 

removed by HF solution or buffer oxide etching solution. 
6. The method of claim 1, wherein said ?rst conductive 

layer comprises polysilicon. 
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7. The method of claim 1, wherein said second conductive 
layer comprises polysilicon. 

8. The method of claim 1, wherein said second dielectric 
layer comprises TEOS-oxide. 

9. The method of claim 1, wherein said dielectric spacer 
comprises TEOS-oxide. 

10. The method of claim 1, wherein said inter-gate 
dielectric layer includes ONO or NO. 

11. A method for forming a FLASH device comprising: 

forming a pad oxide layer on a substrate; 

forming a ?rst dielectric layer on said pad oxide layer; 

patterning said ?rst dielectric layer; 

forming a ?rst conductive layer over said patterned ?rst 
dielectric layer; 

etching said ?rst conductive layer to form conductive 
spacer on sidewalls of said patterned ?rst dielectric 
layer to act as a ?oating gate; 

performing an ion implantation to form a ?rst doped 
region in said substrate; 

forming a second dielectric layer on said ?rst dielectric 
layer; 

etching said second dielectric layer to remain residual 
portion on said ?oating gate; 

removing said ?rst dielectric layer and said pad oxide 
layer; 

forming inter-gate dielectric layer over said substrate, said 
?oating gate; 

forming a second conductive layer on said inter-gate 
dielectric layer; and 

etching said second conductive layer to form a control 
gate, wherein said control gate is self-aligned to said 
?oating gate, thereby forming a cell unit. 

12. The method of claim 11, further comprising following 
steps after forming said control gate: 

forming an isolation layer on said cell unit; 

forming via holes in said isolation layer; 

forming a second doped region in said substrate via said 
via hole; and 

forming conductive plugs in said via holes. 
13. The method of claim 11, wherein said ?rst dielectric 

layer includes nitride. 
14. The method of claim 13, wherein said ?rst dielectric 

layer is removed by heated solution of phosphorus acid. 
15. The method of claim 11, wherein said pad oxide is 

removed by HF solution or buffer oxide etching solution. 
16. The method of claim 11, wherein said ?rst conductive 

layer comprises polysilicon. 
17. The method of claim 11, wherein said second con 

ductive layer comprises polysilicon. 
18. The method of claim 11, wherein said second dielec 

tric layer comprises TEOS-oxide. 
19. The method of claim 11, wherein said inter-gate 

dielectric layer includes ONO or NO. 
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20. A structure of a FLASH device comprising: 

a ?rst dielectric layer formed on a substrate; 

a ?oating gate With spacer pro?le formed on said ?rst 
dielectric layer; 

a second dielectric layer formed along the approximately 
vertical surface of said ?oating gate Wherein a lateral 
portion of said second dielectric layer laterally eXtends 
over said substrate adjacent said ?oating gate; 

a control gate formed on said lateral portion of said 
second dielectric layer; and 

Wherein said control gate attached on said second dielec 
tric layer and on said lateral portion of said second 
dielectric layer. 

Dec. 4, 2003 

21. The structure of claim 20, Wherein said ?rst dielectric 
layer includes oxide. 

22. The structure of claim 20, Wherein said ?oating gate 
cornprises polysilicon. 

23. The structure of claim 20, Wherein said control gate 
cornprises polysilicon. 

24. The structure of claim 20, Wherein said second dielec 
tric layer includes ONO or NO. 

25. The structure of claim 20, Wherein said dielectric 
spacer cornprises TEOS-oXide. 

26. The structure of claim 20, further comprising a 
dielectric spacer formed on said ?oating gate for isolation. 


