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MEMORY CELL OF THE EEPROM TYPE HAVING 
ITS THRESHOLD ADJUSTED BY IMPLANTATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division of pending US. 
patent application Ser. No. 09/431,301, ?led Oct. 29, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to a memory cell of the 
EEPROM type, in particular of the FLOTOX EEPROM 
type, having its threshold adjusted by implantation, and to a 
method of fabricating it. 

[0004] 2. Description of the Related Art 

[0005] As is Well knoWn, the use of non-volatile memories 
of the EEPROM type as data storage devices is expanding 
by virtue of a speci?c feature of such memories Whereby the 
information contained in the individual memory cells can be 
modi?ed electrically in use, at both the Writing and the 
erasing phases, in an independent, selective manner. For that 
purpose, a selection transistor is associated in series With 
each cell. 

[0006] Consistently With today’s technology, such storage 
devices rate very high in terms of reliability. 

[0007] Concurrently thereWith, there is a persistent 
demand for high capacity (at least 256 Kb) storage devices, 
incorporating an ever larger number of cells per memory 
unit. In this direction, the technology of electronic semicon 
ductors is moving toWard ever larger integration scales, and 
an attendant reduction in component siZe. This involves, 
hoWever, a more critical control of their characteristics, and 
increased dif?culty to ensure reliable performance of such 
advanced cells fabricated to a very large scale of integration 

(ULSI). 
[0008] Typically, non-volatile memory cells are integrated 
in a substrate of a semiconductor material and laid into roWs 
and columns to form a matrix of cells. The cell element 
Wherein the information is stored is a MOS transistor of the 
?oating gate type. The logic state, or level, of the cell is 
de?ned by the amount of charge contained in the ?oating 
gate of the transistor. 

[0009] In particular, the amount of charge is altered in 
EEPROMs by causing charges to ?oW by tunnel effect 
(knoWn as FoWler-Nordheim current) through a thin layer of 
silicon oxide, the so-called tunnel oxide, Which intervenes 
betWeen the substrate of semiconductor material and the 
?oating gate of the transistor. 

[0010] Of the various types of EEPROMs, reference Will 
be made here to those having tWo levels of polysilicon. Their 
associated memory cells comprise each a ?oating gate of 
polysilicon overlying a layer of gate oxide Which is formed 
on top of a silicon substrate, and a control gate, also of 
polysilicon, overlying the ?oating gate and being isolated 
from the latter by a so-called interpoly dielectric layer. 

[0011] The selection transistor associated With a cell can 
be variously constructed; for example, it consists of either a 
single layer of polysilicon or tWo superposed layers of 
polysilicon provided above a gate oxide, With an interpoly 
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dielectric layer optionally interposed. Where no interpoly 
dielectric is provided, it becomes knoWn as a short-circuited 
double polysilicon construction. Where the interpoly dielec 
tric is provided, a short-circuit must be established all the 
same betWeen the tWo layers in appropriate areas of the 
device, either outside or inside the memory matrix. 

[0012] In addition, circuitry transistors are usually pro 
vided in the device Which may have a single polysilicon or 
double polysilicon, and no interpoly dielectric layer. This 
speci?cation makes reference in particular to the last-men 
tioned instance, by Way of example. 

[0013] The aforementioned storage structures can be fab 
ricated With technologies that provide for alignment of the 
control gate to the ?oating gate. Examples of such processes 
can be found in US. Pat. No. 4,719,184 and European Patent 
EP-025 5 159. 

[0014] One Widely employed structure of EEPROM cells 
With a double level of polysilicon, knoWn as FLOTOX, 
provides for the ?oating gate to be extended laterally outside 
the tunnel oxide region. 

[0015] A single memory cell of the FLOTOX type With a 
double level of polysilicon formed by a standard technique 
is described in US. Pat. Nos. 5,793,673 and 5,792,670, for 
example. A cross-sectional vieW of this is given in FIG. 1. 

[0016] By Way of example only, the cell is made With 
CMOS technology. 

[0017] Referring to this Figure, the memory cell, generally 
referenced 1, comprises a series of a ?oating gate transistor 
2 and a selection transistor 3, both of the MOS type, 
represented in an active area region of a substrate 4 having 
a ?rst type of conductivity. The cross-section is taken in a 
parallel direction to the matrix columns, in particular along 
a source/drain line of the matrix of cells. 

[0018] The ?oating gate transistor includes a tunnel oxide 
region 5 surrounded by a layer 6 of gate oxide. An overlying 
?rst layer 7 of polysilicon forming the ?oating gate, and a 
second layer 8 of polysilicon forming the control gate, are 
isolated electrically by an interpoly dielectric layer 9. The 
latter is usually a triple layer of oxide/nitride/oxide, or ONO, 
optionally overlaid With a thin layer of polysilicon, the 
so-called “polino”. A loW-resistivity silicide layer, not 
shoWn in the Figure, is usually provided on top of the second 
polysilicon layer 8. 

[0019] The selection transistor 3 similarly includes a gate 
dielectric 11 Which is overlaid by the ?rst and second 
polysilicon layers 7 and 8, With the interpoly dielectric layer 
9 lying therebetWeen. 

[0020] Source and drain active regions of both transistors, 
having a second type of conductivity, are shoWn at 12, 13 
and 14. In the storage transistor 2, they de?ne a channel 
region 15 that includes speci?cally a tunnel area 15‘ under 
lying the tunnel oxide region 5. These memories further 
requires a doped continuity region 16 With a second type of 
conductivity Which is typically formed by implantation, 
knoWn as the capacitor implant, and extends from the tunnel 
area to over the drain region 13 to ensure electrical conti 
nuity betWeen the substrate region lying beneath the tunnel 
oxide (tunnel area 15‘) and the drain region 13 of the cell 
during its operation. 
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[0021] As can be seen in the Figure, the tWo polysilicon 
layers are aligned along the source/drain direction in both 
the ?oating gate transistor 2 structure and that of the 
selection transistor 3. 

[0022] Referring to FIGS. 2-5, some steps are illustrated 
therein of a CMOS process Which adopts a so-called DPCC 
(short-circuited double poly) ?oW for making a memory cell 
of the EEPROM type and a transistor of the external 
circuitry to the matrix, as is knoWn in the art. It should be 
noted that both high-voltage or HV transistors, i.e., transis 
tors capable of sustaining high voltages, and loW-voltage or 
LV transistors, i.e., transistors operated at relatively loW 
voltages, are typically formed in the circuitry. They distin 
guish themselves by the thickness of their gate oxide layer. 
HoWever, a generic transistor, representing either an LV or 
a HV transistor, is shoWn by Way of example in the draW 
mgs. 

[0023] The draWings are cross-sectional vieWs taken along 
the same section line as indicated in FIG. 1. 

[0024] After de?ning the active areas, the substrate 4 is 
groWn gate oxide layers 17 and 11 thereon, in the regions of 
the transistors of the circuitry 20 and the selection transistors 
3, as Well as a gate oxide layer 6 in the region of the storage 
transistor 2. Also de?ned is the tunnel oxide region 5 at the 
?oating gate to be formed. The ?rst polysilicon layer 7 is 
deposited and doped by implantation (FIG. 2). It is then 
partially de?ned using a mask apertured at the region 2 in 
planes outside the draWings and not represented. 

[0025] The interpoly dielectric layer 9 and a thin polysili 
con layer 21 are then deposited. The last-mentioned layer 
provides protection for the underlying interpoly dielectric 
during the next masking step. At this stage, as shoWn in FIG. 
3, a selective etching step is carried out to remove the thin 
polysilicon layer 21 and the underlying interpoly dielectric 
layer 9, in those regions of the storage device Where the 
external circuitry is to be formed, using a mask 22 Which 
leaves the portion destined for the cell matrix covered. More 
generally, this mask covers the device regions intended to 
accommodate circuit elements With a DPCC structure. 

[0026] The folloWing step, not illustrated, includes 
implanting the transistors in the circuitry to de?ne their 
threshold, the so-called LoW Voltage Shift (LVS) implant, 
e.g., by implantation of a dopant such as boron. This is a 
loW-energy light-dosage implantation. No mask is needed in 
the matrix because the interpoly dielectric layer provided 
therein Will screen off the loW-energy implant, speci?cally 
by the presence of nitride. 

[0027] Thereafter, the second polysilicon layer 8 and a 
silicide layer 23 are deposited. A selective etching step is 
then carried out using the mask 24. During this step, 
illustrated by FIG. 4, the silicide layer 23, second polysili 
con layer 8, and thin polysilicon layer 21 in the matrix are 
removed, While from the circuitry, only the silicide layer 23 
and the second and ?rst polysilicon layers 7 and 8 are 
removed, there being no interpoly dielectric layer present. 

[0028] At this stage (FIG. 5), Without removing the pre 
vious mask 24, a self-aligned etching step is carried out 
through the intermediate dielectric layer 9 and the ?rst 
polysilicon layer 7 in the matrix, using a double-resist mask 
25. Thus, the cell structure, including the selection transistor, 
is completely de?ned in a self-aligned manner. The mask 25 
fully exposes the matrix region Where the tWo polysilicon 
layers are not short-circuited, While fully masking the cir 
cuitry region de?ned during the previous step. 
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[0029] In an advanced process like that just described, 
Whereby the overall siZe of the memory structure is greatly 
reduced, a critical factor of current technologies is control of 
the threshold value of the data storage transistor. In fabri 
cating integrated circuits With methods of the CMOS type, 
Whereto the present invention speci?cally relates, it is par 
ticularly dif?cult to establish a loW threshold voltage With a 
small gap betWeen the drain and source active regions. 

[0030] It should recalled in this respect that non-volatile 
memories of a standard type are programmed in either of 
tWo logic states, namely Written and erased, “0” and “1”, to 
store in one bit per cell. A different level of the threshold 
voltage corresponds to each of them. The cell programming, 
i.e., the storing of electric charges in the ?oating gate region, 
depresses the cell threshold level. Subsequent erasing of the 
cell raises its threshold back to its value. The state of a virgin 
cell corresponds to a voltage level intermediate those of an 
erased cell and of a Written cell. 

[0031] The threshold values are determined by the cell 
structure, as Well as by construction features and properties 
of the materials comprising it. In a standard memory cell, 
reading the threshold value of a virgin cell may cause trouble 
at the programming stage. In particular, the problem is one 
of being able to adjust the threshold value of a virgin cell 
such that it can be read as if it Were a Written cell or an erased 
cell, according to the speci?c requirements of the device 
Which is to include it. 

SUMMARY OF THE INVENTION 

[0032] In the light of the foregoing, it is an object of this 
invention to provide a process for fabricating an EEPROM 
cell Which alloWs the threshold voltage of the cell to be 
adjusted Without introducing added complications or costs. 

[0033] A most effective solution looked at here is that of 
adding a memory cell implanting step, so that its threshold 
could be adjusted as appropriate. It should be considered that 
the threshold jump betWeen Written and erased cell, Which 
represents the range through Which the cell is operated in its 
life, becomes smaller When the device is tested for reliabil 
ity. Accordingly, it should be possible to suf?ciently dis 
criminate a virgin threshold value from those of an erased 
and Written cell. 

[0034] It should be further noted that, in current process 
?oWs for manufacturing ever more sophisticated devices, 
the device complexity and accuracy usually involve a need 
for additional process steps, Which is at issue With the urge 
to keep manufacturing costs as loW as possible. 

[0035] An embodiment of this invention provides a self 
aligned method of forming an integrated structure Which 
comprises non-volatile memory cells of the EEPROM type 
With a double level of polysilicon and an associated selec 
tion transistor in a substrate of semiconductor material. The 
memory cell includes a storage transistor having a control 
gate overlying and being isolated from a ?oating gate Which 
is coupled, by tunnel oxide, to a tunnel area provided in said 
substrate and included in a channel region With a ?rst type 
of conductivity interposed betWeen ?rst and second active 
regions With a second type of conductivity. In addition, a 
region of electrical continuity having a second type of 
conductivity extends from said tunnel area to partly overlie 
said ?rst active region. 

[0036] The process of this invention provides for an 
implanting operation to be carried out at least in the channel 
region of the ?oating-gate storage transistor to adjust the 
transistor threshold. 
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[0037] According to this invention, the threshold of the 
storage transistor can be modi?ed by implantation through 
the ?rst polysilicon layer. In this Way, an implantation of the 
LVS type, as already provided in the process, can be utiliZed. 
Preferably, the same mask is used as is later exposed for the 
self-aligned etching of the cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The features and advantages of this invention Will 
become more clearly apparent from the detailed description 
of an embodiment thereof, illustrated by Way of example and 
not of limitation in the accompanying draWings. 

[0039] FIG. 1 shoWs an EEPROM non-volatile memory 
cell as formed by a conventional technique; 

[0040] FIGS. 2-5 illustrate some signi?cant steps of a 
process for forming an EEPROM non-volatile memory cell 
and an external-circuitry transistor by a conventional tech 
nique; 
[0041] FIGS. 6-9 illustrate schematically some steps of a 
process for forming an EEPROM non-volatile memory cell 
and an external-circuitry transistor, according to this inven 
tion; and 

[0042] FIG. 10a shoWs a cross-section through an 
EEPROM cell at the ?nal stage of its fabrication according 
to a ?rst embodiment of this invention. 

[0043] FIG. 10b shoWs a cross-section through an 
EEPROM cell at the ?nal stage of its fabrication according 
to a second embodiment of this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] A preferred process for forming memory cells of 
the EEPROM type and external-circuitry transistors is illus 
trated by FIGS. 6-9 in relation to a self-aligned process of 
the CMOS DPCC type similar to that described in connec 
tion With the prior art and FIGS. 2-5. 

[0045] The process is run in a conventional ?oW up to the 
formation and associated implantation of the ?rst polysilicon 
layer 7, similar to the shoWings of FIG. 6. The active oxides 
of the device, namely the gate oxides 11, 17 and tunnel oxide 
5, are formed in active area regions bounded by ?eld oxide 
regions, the latter being omitted from the draWings. Where 
at least tWo types of circuitry transistors, having different 
thickness gates, are simultaneously present, the process 
typically includes the steps of groWing a ?rst gate oxide; 
removing it throughout except from the high-voltage tran 
sistor areas; groWing a second gate oxide to form the gate 
oxides for both transistor types; removing the oxides from 
the tunnel region; and groWing the tunnel oxide. 

[0046] A ?rst polysilicon layer 7 is then formed by depo 
sition in both the circuitry region and the matrix region. 

[0047] In accordance With this invention, and as shoWn in 
FIG. 6, the self-aligned etching mask 25 is exposed in the 
region of the cell matrix, before de?ning the ?rst layer of 
polysilicon. This mask 25 completely uncovers the region of 
the memory cell matrix, but covers the circuitry. An appro 
priate implantation is carried out through said mask, as 
indicated by arroWs in FIG. 6, to alloW the threshold voltage 
of the cell to be adjusted. Thus, a shalloW region 30 is 
formed in the channel region 15, as indicated by the hatched 
area, Wherein the dopant concentration is higher than in the 
substrate. 
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[0048] Advantageously, there is no need to design a mask 
specially for this, and a mask already provided in the process 
How can be used instead, resulting in obvious savings. 

[0049] The implant typically consists of dopant of the P 
type, boron ions in a preferred embodiment. The implanting 
operation is carried out at a light dosage, and the dopant 
reaches deeply enough to alter the cell threshold. The depth 
of the region 30 is preferably in the range of a feW hundred 
AAngstroms, typically of 200-300 A. The implantation is 
performed through the polysilicon layer 7, similar to the 
LVS implantation to be carried out directly afterWards in 
order to modify the threshold of the circuitry transistors. It 
is for this reason that an implantation can be carried out 
advantageously Which has the same dosage and energy 
characteristics as the LVS implantation. In one embodiment, 
the implanting energy is selected in the 50 KeV range. 

[0050] It should be noted that loW implanting energy can 
be used because the implantation is performed through the 
polysilicon layer 7. 

[0051] The subsequent fabrication steps, shoWn in FIGS. 
7, 8 and 9, are left unchanged With respect to the state of the 
art, and include de?ning the ?rst polysilicon layer 7 along a 
parallel direction to the source line in the region of the cell 
matrix; forming the interpoly dielectric layer 9 and the thin 
polysilicon layer 21; removing said tWo layers from the 
region of the external circuitry using the mask 22 (FIG. 7); 
LVS implanting the transistors of the circuitry 20; depositing 
and doping the second polysilicon layer 8 and, preferably, 
forming the silicide layer 23; de?ning the silicide layer 23, 
second polysilicon layer 8, and thin polysilicon layer 21 in 
the matrix area, While at the same time de?ning said layers 
23, 8, 21 and the ?rst polysilicon layer 7 in the circuitry 
region (FIG. 8); and etching aWay, self-aligned to the second 
polysilicon layer 8, the ?rst polysilicon layer 7 in the region 
of the matrix cell 2‘ and 3‘ using the mask 25 (FIG. 9). 

[0052] The process is then carried to completion through 
the standard implanting steps, the steps of forming sideWall 
oxide spacers, depositing a dielectric insulating layer, and 
forming contact openings and the metalliZation layers. 

[0053] FIG. 10a shoW that the cell has a shalloW implant 
30 across its active area, at both the ?oating-gate storage 
transistor 2‘ and the selection transistor 3‘. 

[0054] It has been assumed in the foregoing description 
that the tWo polysilicon layers in the selection transistor 
Were not short-circuited (non-DPCC). HoWever, a similar 
process Would be applicable to a DPCC type of selection 
transistor as Well, once the masks 22 and 25 are suitably 
modi?ed. In this case, according to the invention, by using 
the self-aligned mask for the implantation, the selection 
transistor can be prevented from being implanted, thereby 
achieving better control of its threshold and the so-called 
body effect. 

[0055] FIG. 10b, shoWing a cross-section through 
memory cell 1‘, i.e., the storage transistor 2‘ and the selection 
transistor 3‘, illustrates an exemplary device as obtained With 
this alternative process, for example. It can be seen that, in 
the ?nished structure of the cell, the implant, shoWn at 30‘, 
only locates at the channel of the ?oating-gate storage 
transistor 2‘. 

[0056] It should be understood that changes and modi? 
cations can be made unto the process described herein, all 
Within the scope of the present invention as de?ned in the 
appended claims. 
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We claim: 
1. A storage device, comprising: 

a circuitry transistor formed in a semiconductor substrate; 
and 

a non-volatile EEPROM memory cell formed in the 
semiconductor substrate, the memory cell including a 
storage transistor and an associated selection transistor, 
the storage transistor having a ?rst polysilicon layer 
underlying and isolated from a second polysilicon 
layer, the ?rst polysilicon layer being coupled, by 
tunnel oxide, to a tunnel area placed in a channel region 
of said semiconductor substrate, the channel region 
having a ?rst type of conductivity and being positioned 
betWeen a drain region and a source region, the storage 
transistor also including an electrical continuity region 
With a second type of conductivity extending from said 
tunnel area to partly overlap said drain region; Wherein 
said channel region includes an implanted region at a 
heavier dopant dosage than the semiconductor sub 
strate. 

2. A device according to claim 1, Wherein said implanted 
region includes a dopant of the P type. 

3. A device according to claim 2, Wherein said dopant 
includes boron ions. 

4. A device according to claim 1, Wherein the circuitry 
transistor includes said ?rst and second polysilicon layers 
and a region in said semiconductor substrate that includes an 
implant for adjusting a threshold of the circuitry transistor; 
Wherein said implanted region of the storage transistor has 
substantially the same dosage as said implant for adjusting 
the threshold of the circuitry transistor. 

5. A device according to claim 1, Wherein said implanted 
region spans an entire area of the semiconductor substrate 
occupied by the memory cell. 

6. A storage device, comprising: 

a selection transistor formed in an active area of a 

semiconductor substrate having a ?rst conductivity 
type; and 

a storage transistor formed in the active area of the 
substrate and including: 

?rst and second active regions having a second conduc 
tivity type and being formed in the active area on 
opposite sides of a channel region of the substrate; 

a gate insulating layer positioned on the channel region; 

a ?oating gate positioned on the gate insulating layer; 

a control gate capacitively coupled to the ?oating gate; 
and 

an implanted, ?rst shalloW region extending in the chan 
nel region from the ?rst active region to the second 
active region and having a depth in the substrate that is 
less than a depth in the substrate to Which the ?rst 
active region extends. 

7. The device of claim 6 Wherein the ?rst shalloW region 
and substrate have a P-type conductivity and the ?rst and 
second active regions have an N-type conductivity. 

8. The device of claim 6 Wherein the gate insulating layer 
includes a tunnel region of reduced Width and the ?rst active 
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region includes a capacitor implant region that extends 
under the tunnel region, the ?rst shalloW region extending 
from the capacitor implant region to the second active 
region. 

9. The device of claim 8 Wherein the ?rst active region is 
a drain region and the second active region is a source 
region. 

10. The device of claim 6 Wherein the selection transistor 
includes a third active region formed in the active area of the 
substrate, a channel region de?ned betWeen the ?rst and 
third active regions, and a control gate formed above the 
channel region of the selection transistor. 

11. The device of claim 10 Wherein the selection transistor 
includes an implanted, second shalloW region that extends 
betWeen the ?rst and third active regions. 

12. The device of claim 6 Wherein the storage transistor 
includes a dielectric layer formed on the ?oating gate and 
under the control gate, thereby capacitively coupling the 
?oating and control gates. 

13. A storage device, comprising: 

?rst and second active regions formed in an active area of 
a semiconductor substrate having a ?rst conductivity 
type, the ?rst and second active regions having a 
second conductivity type and being formed in the 
active area on opposite sides of a channel region of the 
substrate, and the ?rst active region includes a capaci 
tor implant region that extends under the tunnel region; 

a gate insulating layer positioned on the channel region 
and having a tunnel region of reduced Width; 

a ?oating gate positioned on the gate insulating layer; 

a control gate capacitively coupled to the ?oating gate; 
and 

a ?rst implanted region extending in the channel region 
from the capacitor implant region to the second active 
area and having a heavier dopant dosage than the 
substrate. 

14. The device of claim 13 Wherein the ?rst implanted 
region and substrate have a P-type conductivity and the ?rst 
and second active regions have an N-type conductivity. 

15. The device of claim 13 Wherein the ?rst active region 
is a drain region and the second active region is a source 
region. 

16. The device of claim 13, further comprising a selection 
transistor that includes a third active region formed in the 
active area of the substrate, a channel region de?ned 
betWeen the ?rst and third active regions, and a control gate 
formed above the channel region of the selection transistor. 

17. The device of claim 16 Wherein the selection transistor 
includes a second implanted region that extends betWeen the 
?rst and third active regions and has a heavier dopant dosage 
than the substrate. 

18. The device of claim 13 Wherein the storage transistor 
includes a dielectric layer formed on the ?oating gate and 
under the control gate, thereby capacitively coupling the 
?oating and control gates. 


