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(57) ABSTRACT 

Aprocess of fabricating a ?oating-gate memory device, the 
process including the steps of: forming a stack of superim 
posed layers including a ?oating gate region, a dielectric 
region, and a control gate region; and forming an insulating 
layer of oXynitride to the side of the ?oating gate region to 
completely seal the ?oating gate region outWards and 
improve the retention characteristics of the memory device. 
The insulating layer is formed during reoXidation of the 
sides of the ?oating gate region, after self-align etching the 
stack of layers and implanting the source/drain of the cell. 



2 

35 

A. 

Patent Application Publication Oct. 31, 2002 US 2002/0158285 A1 

21 2 26 

\ 20 /3 //1 
[ ’ /~ 35 .96 , 30 

h LTJ-H/ 5! \ L35 15 
f l 

N N N 
N P L 2 \ A l X [J16 

‘ 3h '8 1‘9 1‘2 1‘3 25 14 11 



US 2002/0158285 A1 

NONVOLATILE FLOATING-GATE MEMORY 
DEVICES, AND PROCESS OF FABRICATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division of US. patent appli 
cation Ser. No. 09/548,782, ?led Apr. 13, 2000, noW pend 
ing, Which application is incorporated herein by reference in 
its entirety, and Which is a continuation of US. patent 
application Ser. No. 08/792,621, ?led Jan. 31, 1997, noW 
abandoned, Which application is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a process of fab 
ricating ?oating-gate memory devices, and to a memory 
device fabricated thereby. 

[0004] 2. Description of the Related Art 

[0005] As is knoWn, the fabrication of nonvolatile ?oat 
ing-gate memory devices comprises a sequence of steps 
commencing With a substrate of semiconductor material 
(monocrystalline silicon). More speci?cally, according to a 
typical fabrication process, a gate oxide layer is groWn on 
the substrate, in Which the active areas and any P- and 
N-Wells required according to the process are already 
de?ned. A thin tunnel oxide region is possibly groWn in the 
gate oxide layer (as in the case of EEPROM memories). A 
?rst polycrystalline silicon layer (poly1) is deposited and 
patterned to de?ne it in a ?rst, channel Width direction on the 
oxide layers. An intermediate dielectric layer of silicon 
oxide or ONO—an acronym of silicon Oxide-silicon 
Nitride-silicon Oxide, is deposited or groWn thermally on 
poly1. A second polycrystalline silicon layer (poly2) is 
deposited on the dielectric layer. A tungsten silicide layer is 
possibly deposited on poly2. The stack of poly2, ONO and 
poly1 layers is self-align etched to de?ne the stacked ?oat 
ing and control gate regions in a second, channel-length 
direction perpendicular to the ?rst direction. Next, the 
source/drain regions of the cell are implanted. A “reoxida 
tion” heat treatment is performed to seal the ?oating gate 
region. NoW, the source and drain regions of peripheral 
circuit transistors are formed and reoxidiZed. And ?nally, the 
contacts and interconnecting layer are formed and a passi 
vation layer is deposited. 

[0006] One of the most critical steps in the above process, 
regardless of the architecture being formed, is the reoxida 
tion step. The reoxidation step, as stated, provides for 
sealing the ?oating gate region of the cells to prevent direct 
contact With the outside environment, ensure long-term 
retention of the charge stored in the region, and so ensure 
good quality of the memory even in the event of prolonged 
operation. 

[0007] The reoxidation step may also serve other pur 
poses. First, this step helps in stabiliZing the tungsten silicide 
layer Which may form part of the control gates of the 
devices, including both the cells and the circuit transistors. 
Second, the reoxidation step provides for diffusing in the 
substrate the normally implanted dopant that determines the 
electric characteristics of the devices. 
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[0008] It is desired that the reoxidation step be made as 
effective as possible to insure the insulation and charge 
retention of nonvolatile memories. 

[0009] To improve the electric characteristics of transis 
tors, an article entitled “Suppression of MOSFET Reverse 
Short Channel Effect by NZO Gate Poly Reoxidation Pro 
cess” by P. G. Y. Tsui, S. H. Tseng, M. OrloWski, S. W. Sun, 
P. J. Tobin, K. Reid and W. J. Taylor, IEDM 94, 19.5.1, 
proposes, during ?nal reoxidation of the gate region, to use 
a gas for nitriding the interface betWeen the silicon substrate 
and gate oxide, at least in the areas closest to the exposed 
sides of the transistor. In particular, oxinitriding is aimed at 
eliminating the reverse short channel effect (i.e., the increase 
in the threshold voltage of short channel MOSFET transis 
tors) generally attributed to an uneven lateral channel pro?le 
caused, among other things, by reoxidation resulting in the 
formation of supersaturated silicon interstitial. 

BRIEF SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide a 
fabrication process enabling improved insulation of the 
?oating gate of nonvolatile ?oating-gate memory devices. 

[0011] According to the present invention, there is pro 
vided a process of fabricating ?oating-gate memory devices. 
More speci?cally, on a substrate, an insulated control gate 
region is formed on a ?oating gate region. Next, an insu 
lating layer of oxynitride is formed on the side of the ?oating 
gate region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] A preferred, non-limiting embodiment of the 
present invention Will be described by Way of example With 
reference to the accompanying draWing. 

[0013] FIG. 1 shoWs a cross section of a Wafer of semi 
conductor material, in Which is formed a memory cell in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] In the folloWing description, reference Will be 
made, purely by Way of example, to an embodiment of the 
present process for forming an EEPROM memory cell. 
Since, hoWever, the oxinitriding step performed during 
reoxidation and characteristic of the present invention is not 
limited solely to the fabrication of EEPROM cells, but may 
also be applied to any process of fabricating memories With 
?oating gate cells, the same also applies to the formation of 
EPROM and ?ash-EEPROM memory devices. 

[0015] Research and experiments by the present Applicant 
have noW shoWn that the use of nitriding a gas When 
reoxidiZing the ?oating gate region of nonvolatile memories 
provides for forming a thin oxynitride layer contacting the 
polycrystalline silicon forming the ?oating gate region. The 
oxynitride layer of the ?oating gate provides for improved 
insulation betWeen the ?oating gate region of stacked-gate 
memory cells and the outside environment. 

[0016] The fabrication process according to the present 
invention comprises the same initial steps as in knoWn 
processes. More speci?cally, the process steps include form 
ing P/N Wells in the monocrystalline silicon substrate; 
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growing the ?eld oxide to de?ne the active areas; and 
forming the isolation regions and/or channel stoppers. Next, 
an electric continuity region is formed in the substrate and 
a gate oxide layer is groWn. A thin tunnel oxide region is 
groWn in the gate oxide layer. A ?rst polycrystalline silicon 
layer (polyl) is deposited on the oxide structure and is 
patterned to de?ne it WidthWise. Over the patterned poly1 
layer, an intermediate dielectric layer of oxide or ONO is 
deposited or groWn. A second polycrystalline silicon layer 
(poly2) is deposited and a tungsten silicide layer is possibly 
deposited. With this structure, the poly2, ONO and poly1 
layers are self-align etched to de?ne, lengthWise, the stacked 
?oating and control gate regions and tWo sides of the ?oating 
gate region (de?ning it lengthWise) and of the control gate 
region are exposed. 

[0017] At this point, the source/drain is implanted in a 
conventional manner, and reoxidation is performed to seal 
the ?oating gate region. According to one embodiment of the 
present invention, reoxidation is performed by heat treating 
the Wafer of semiconductor material in an oven or RTP 
(rapid thermal processing) facility. The RTP facility exposes 
the Wafer to batteries of lamps for generating a rapid rise and 
fall in temperature ranging from 800 to 1000° C., in an 
environment containing N2O, NO or NH3, and for a time 
ranging from a feW tens of seconds (RTP treatment) to a feW 
hours (oven treatment). This results in the formation, on the 
exposed sides of the ?oating gate and control gate, of a thin 
layer of oxynitride (SiXOyNZ), Which, by virtue of its excel 
lent insulating properties, provides for optimum sealing of 
the ?oating gate region. 
[0018] Then, conventional steps are performed for form 
ing the selection transistor relative to the cell. First, the gate 
regions of the peripheral circuit transistors are formed. 
Second, the source and drain of the transistors are implanted, 
possibly preceded by a light implant and the formation of 
oxide spacers, in the case of Light Doped Drain LDD 
devices. Next, a surface reoxidate step is provided Which 
may also be performed in nitrided manner, as described 
above, to improve the electric characteristics as indicated in 
the above article by Tsui et al. Finally, the contacts and the 
interconnecting layer are formed, and the passivation layer 
is deposited. 

[0019] The structure of the resulting memory device is 
illustrated in the accompanying draWing Wherein the 
memory device 1, the memory cell and relative sensing 
transistor 2, and the selection transistor 3 are shoWn. More 
speci?cally, a P-type substrate 10 contains an N-type source 
region 11 of the cell, an implanted N-type electric continuity 
region 12, an N-type drain/source region 13 de?ning the 
drain region of cell 2 and the source region of selection 
transistor 3, and an N-type drain region 14 for selection 
transistor 3. The substrate region 31 betWeen source region 
11 and electric continuity region 12 forms the channel of cell 
2, and regions 11-14 all face the surface 15 of substrate 10. 

[0020] NoW, a gate oxide region 18 of cell 2, incorporating 
a thin tunnel oxide region 19 is stacked on surface 15. Next, 
a ?oating gate region 20 of cell 2, an interpoly dielectric 
layer 21; and a control gate region 22 of cell 2 are sequen 
tially stacked on the oxide regions 18 and 19. A gate oxide 
region 25 and a gate region 26 of selection transistor 3 are 
also stacked on surface 15. An intermediate dielectric layer 
30 covers the resultant structure and insulates the various 
layers. 
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[0021] As can be seen, according to the present invention, 
thin oxynitride layers 35 are formed on either side of ?oating 
gate region 20 and control gate region 22. Layers 35 seal the 
sides of regions 20 and 22 extending in the channel Width 
direction, i.e., perpendicularly to the plane of the draWing 
and to the channel length, and as measured betWeen source 
region 11 and electric continuity region 12. Similar oxyni 
tride layers 36 (dotted line) may be formed in selection 
transistor 3 and in the circuit transistors (not shoWn). 

[0022] The advantages of the process according to the 
present invention are clear from the above description. In 
particular, it provides for improved retention of the resulting 
memory by improving sealing of the ?oating gate region of 
the cells. Oxinitriding the ?oating gate region provides for 
exploiting the advantages afforded by the improvement of 
the electric parameters also in the cells. Forming the oxyni 
tride layer also during reoxidation of the selection and 
circuit transistors, as described in the above-mentioned 
article, provides for also improving the electric characteris 
tics of the transistors. The process involves no particular 
technical dif?culties or additional fabrication steps, and 
therefore no appreciable increase in cost. 

[0023] Clearly, changes may be made to the process and 
memory device as described and illustrated herein Without, 
hoWever, departing from the scope of the present invention. 
In particular, oxinitriding of the ?oating gate region as 
described above may be applied to any process of fabricat 
ing nonvolatile ?oating-gate memories, including all 
EPROM, EEPROM and ?ash-EEPROM processes. 

1. A memory device comprising: 

a ?oating gate region having sideWalls; 

a dielectric region over said ?oating gate region; 

a control gate region over said dielectric region; and 

?rst oxynitride insulating layers on the sideWalls of said 
?oating gate region. 

2. The memory device of claim 1, further comprising 
second oxynitride insulating layers on sideWalls of said 
control gate region. 

3. The memory device of claim 1, further comprising: 

a substrate of semiconductor material; and 

an insulating layer positioned on the substrate and directly 
beloW the ?oating gate region. 

4. The memory device of claim 3, further comprising a 
source region and a drain region formed in the substrate in 
areas lateral of a central area beloW the ?oating gate region. 

5. The memory device of claim 1 Wherein the ?oating 
gate, dielectric, and control gate regions are part of a 
memory transistor, the memory device further comprising a 
selection transistor positioned laterally adjacent to the 
memory transistor, the selection transistor including a con 
trol gate region With sideWalls, and second oxynitride insu 
lating layers on the sideWalls of said control gate region of 
the selection transistor. 

6. The memory device of claim 5, further comprising: 

a substrate of semiconductor material; and 

an insulating layer positioned on the substrate and directly 
beloW the ?oating gate region and the control gate 
region of the selection transistor. 
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7. The memory device of claim 6, further comprising ?rst, 
second, and third doped regions formed in the substrate, the 
?rst doped region being positioned laterally adjacent to a 
?rst end of the ?oating gate region, the second doped region 
being positioned laterally adjacent to a second end of the 
?oating gate region and a ?rst end of the control gate region 
of the selection transistor, and the third doped region being 
positioned laterally adjacent to a second end of the control 
gate region of the selection transistor, the second doped 
region being shared by the memory and selection transistors. 

8. The memory device of claim 1 Wherein the control gate 
region includes a polysilicon layer and a silicide layer 
formed on the polysilicon layer. 

9. A ?oating-gate memory device, comprising: 

an insulating layer on a semiconductor substrate; 

a ?rst polysilicon layer positioned over said insulating 
layer; 

a dielectric material layer positioned over said ?rst poly 
silicon layer; 

a second polysilicon layer positioned over said dielectric 
layer, Wherein the ?rst and second polysilicon layers 
and the dielectric layer are de?ned to form a gate stack; 
and 

?rst oXynitride sideWalls positioned on lateral Walls of 
said second polysilicon layer. 

10. The memory device of claim 9, further comprising 
second oXynitride insulating layers on sideWalls of said ?rst 
polysilicon layer. 
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11. The memory device of claim 9, further comprising: 

a substrate of semiconductor material; and 

an insulating layer positioned on the substrate and directly 
beloW the ?oating gate region. 

12. The memory device of claim 9, further comprising a 
source region and a drain region formed in the substrate in 
areas lateral of a central area beloW the gate stack. 

13. The memory device of claim 9 Wherein the gate stack 
is part of a memory transistor, the memory device further 
comprising a selection transistor positioned laterally adja 
cent to the memory transistor, the selection transistor includ 
ing a control gate region With lateral Walls, and second 
oXynitride sideWalls on the lateral Walls of said control gate 
region of the selection transistor. 

14. The memory device of claim 13, further comprising 
?rst, second, and third doped regions formed in the sub 
strate, the ?rst doped region being positioned laterally 
adjacent to a ?rst end of the gate stack, the second doped 
region being positioned laterally adjacent to a second end of 
the gate stack and a ?rst end of the control gate region of the 
selection transistor, and the third doped region being posi 
tioned laterally adjacent to a second end of the control gate 
region of the selection transistor, the second doped region 
being shared by the memory and selection transistors. 

15. The memory device of claim 9, further comprising a 
silicide layer formed on the second polysilicon layer. 


