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AUTOALIGNED ETCHING PROCESS FOR 
REALIZING WORD LINES IN MEMORY DEVICES 
INTEGRATED SEMICONDUCTOR SUBSTRATES 

TECHNICAL FIELD 

[0001] The present invention relates to a self-aligned 
etching process for providing Word lines in an electronic 
memory device integrated on a semiconductor substrate 
displaying a topography of the matrix type comprising Word 
lines and bit lines. 

[0002] Speci?cally the present invention relates to a self 
aligned etching process for providing a plurality of parallel 
Word lines in a ?rst conducting layer deposited over a 
planariZed architecture obtained starting from a semicon 
ductor substrate on Which is provided a plurality of active 
elements extending along separate parallel lines, e.g., bit 
lines, for memory cells comprising gate regions formed by 
a ?rst conducting layer, an intermediate dielectric layer and 
a second conducting layer, said gate regions being insulated 
from each other by insulation regions to form this architec 
ture With said Word lines being de?ned photolithographi 
cally by protective strips. 
[0003] The present invention also relates to a memory 
device With matrix con?guration of the cross-point type and 
comprising bit lines and Word lines. 

[0004] The present invention concerns speci?cally but not 
exclusively a self-aligned etching process for providing 
Word lines in contactless semiconductor memories having a 
virtual ground circuitry. The folloWing description is given 
With reference to this speci?c ?eld of application With the 
only purpose of simplifying its explanation. 

BACKGROUND OF THE INVENTION 

[0005] As is Well knoWn, EPROM or FLASH-EPROM 
electronic memory devices require the provision on a semi 
conductor substrate of a matrix-type topography in Which a 
plurality of bit lines having a ?oating gate region is inter 
sected on the top by a plurality of conducting strips properly 
called Word lines. 

[0006] A typical topography of this type is shoWn in the 
photograph of FIG. 1 obtained by electronic microscopy 
techniques. 
[0007] The conventional provision of this matrix-type 
topography is not entirely Without problems and shortcom 
ings because it Was veri?ed experimentally that it is possible 
that the ?oating gate regions may ?nd themselves contacted 
by spurious residues of conducting materials not entirely 
removed during manufacturing. 

[0008] In the folloWing description given by Way of 
example there are again proposed process steps used to 
de?ne on a semiconductor substrate a matrix-type topogra 
phy of an EPROM memory device comprising Word lines, 
bit lines and ?oating gate regions to better clarify those 
aspects Which are necessary for explaining the technical 
problems. 
[0009] Starting from a semiconductor substrate 1, e.g., like 
the one shoWn in FIG. 2, in Which a division into active 
areas With the possible presence of a ?eld oxide dividing 
layer 2 is already provided, and multiple deposits are made 
over the entire surface of the substrate. 
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[0010] Firstly a thin gate oxide layer 3 is deposited. Then 
a deposition of a ?rst polysilicon layer 4, identi?ed by the 
name POLY1, is provided. A deposition of a second dielec 
tric interpoly layer 5 folloWs, e.g., ONO, such an interpoly 
layer is encapsulated on the top by another layer 6 of 
polysilicon Which is identi?ed by the name POLYCAP. 

[0011] At this point a masked photolithography step Which 
for convenience is identi?ed by the name “POLY1 mask” 
de?nes a topography of protected areas for the gate regions 
and related bit lines. 

[0012] A self-aligned etching alloWs removal of parallel 
strips of multiple layers until reaching the active areas of the 
substrate 1. 

[0013] This etching phase removes from the unprotected 
areas of the photolithography the POLYCAP layer 6, the 
ONO layer 5, the POLY1 layer 4, the gate oxide layer 3 and 
the ?eld oxide 2 if necessary Where present. 

[0014] This de?nes a spatial geometry on the semicon 
ductor substrate 1 in Which it is possible to recogniZe a 
plurality of active elements extending along separate parallel 
lines, e.g., memory cell bit lines 13, and corresponding gate 
regions. 

[0015] The gate regions 13 are formed as shoWn in FIG. 
2 by a strati?ed structure of POLYCAP - ONO - POLY1 - 

gate oxide and ?eld oxide if any. 

[0016] During performance of this self-aligned etching, 
removal of the POLYCAP layer 6 causes the deposition of 
polymers Which create a pair of steps 10 or ribs on the 
underlying POLY1 layer 4, Which thus projects laterally 
With respect to the layers deposited above as shoWn in 
FIGS. 2 and 4. 

[0017] Another cause Which could be at the origin of the 
formation of this pair of steps 10 is generally an additional 
oxidation step usually used for sealing the bit lines 13. 
During this oxidation step the POLYCAP layer 6 can reoxi 
diZe more than the POLY1 layer 4 (depending on the type of 
dopant in POLY1) as shoWn in FIG. 2. 

[0018] The above mentioned step 10 formed by the 
POLY1 layer 4 projecting laterally can originate a short 
circuit betWeen adjacent ?oating gate regions once a self 
aligned etching has been completed to de?ne Word lines and 
hence individual memory cells. 

[0019] FIG. 3 shoWs an electronic microscope photograph 
of a semiconductor substrate having a matrix-type topogra 
phy after performance of a self-aligned etching to de?ne the 
Word lines, Which can be identi?ed in the high-luminosity 
areas Which are connected by thin White strips revealing the 
presence of the steps 10. 

[0020] The successive process steps for the provision of an 
EPROM memory device call for the use of a planariZation 
method in Which a ?rst insulating dielectric ?lm 8 and a 
second planariZing dielectric ?lm 7 are deposited in the 
interstitial regions delimited by the gate regions 13 to obtain 
planariZed architecture 9 as shoWn in FIG. 2. 

[0021] It is important to note that the above described 
process causes the ?rst insulating dielectric ?lm 8 to act as 
a protective micromask for the step 10 created previously. 
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[0022] Provision of the plurality of Word lines intersecting 
the gate regions 13 calls for the deposition of a conducting 
layer entirely covering the planariZed architecture 9 as 
shoWn in FIG. 4. 

[0023] This conducting layer can be obtained by means of 
successive deposition of a protective layer 12, e.g., of 
polysilicon and indicated for convenience by the name 
POLY2, and a ?nal layer 11 of silicide, e.g., tungsten 
silicide. 

[0024] To de?ne the spatial geometry of the Word lines 
there is again made use of a conventional photolithography 
step With an appropriate mask usually indicated as a POLY2 
mask designating unprotected areas in Which a self-aligned 
etching can be performed even for the Word lines. 

[0025] Another objective of this etching is to mutually 
insulate the individual memory cells by removing materials 
from the ?oating gate regions unprotected by the photoli 
thography step. 

[0026] Those skilled in the art usually perform this self 
aligned etching in tWo successive steps and With a vertical 
pro?le. 
[0027] The ?rst step calls for removal of the conducting 
layer 11, 12 and the underlying POLYCAP layer 6 While the 
second step calls for removal of the ONO layer 5 and 
POLY1 layer 4. 

[0028] The prior art process described up to noW has 
provided on the semiconductor substrate 1 a matrix topog 
raphy comprising gate regions, corresponding bit lines 13 
and Word lines orthogonal thereto. This topography is 
Widely used in EPROM or EZPROM memory devices and in 
particular in EPROM, Flash EPROM and EEPROM 
memory devices having a cross-point and virtual ground 
structure as described, e.g., in European Patent No. 0 573 
728. 

[0029] Although meeting the purpose, there are some 
critical aspects of the above described process Which require 
a remedy. 

[0030] In particular, the existence of the pair of steps 10 
present in the ?oating gate regions associated With each bit 
line 13 betWeen the POLYCAP layer 6 and the underlying 
layers is undesirable. As mentioned, these steps can origi 
nate undesired contacts Which can affect the reliability of the 
memory devices. 

[0031] In addition, the usual self-aligned etchings having 
a vertical pro?le for de?nition of the Word lines as Well as 
for insulation of the individual memory cells are quite 
inadequate for removing said steps 10 as may be seen in 
FIG. 3. 

[0032] Indeed, it happens that after removal of the ONO 
layer 5 and POLY1 layer 4 the pairs of steps 10 still remain 
present because protected by the micromask created by the 
?rst dielectric insulation ?lm 8 used for planariZation of the 
architecture 9. 

[0033] In this manner the ?oating gate regions of adjacent 
memory cells made by means of self-aligned etching of the 
Word lines come into mutual electrical contact. 

SUMMARY OF THE INVENTION 

[0034] An object of the present invention is to create a 
self-aligned etching process for a de?nition of geometry 
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associated With Word lines Which Would alloW overcoming 
the above-mentioned shortcomings Which still limit the 
reliability of the memory devices provided in accordance 
With the prior art. 

[0035] An embodiment of the present invention uses a 
de?nition of Word lines and individual memory cells, a 
self-aligned etching With a vertical pro?le limited to removal 
of a conducting layer and an underlying polysilicon layer. 

[0036] Subsequent removal of the second polysilicon 
layer is necessary for insulation of the individual memory 
cells and is provided by means of an isotropic etching. 

[0037] Characteristics and advantages of the process in 
accordance With the present invention are set forth in the 
description of an embodiment thereof given beloW by Way 
of non-limiting example With reference to the annexed 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 shoWs an electronic microscope photograph 
of a plurality of Flash EPROM memory cells having a 
matrix-type topography of Which can be seen only the bit 
lines. 

[0039] FIGS. 2 and 2A shoW diagrammatically and in 
enlarged scale a vertical cross section of a semiconductor 
electronic device With a planariZed architecture comprising 
gate regions conformed as a strati?ed POLYCAP - ONO - 

POLY1 - gate oxide structure, With the presence of ?eld 
oxide shoWn in FIG. 2A. 

[0040] FIG. 3 shoWs an electronic microscope photograph 
of a semiconductor substrate having a matrix-type topogra 
phy and taken after performance of a self-aligned etching for 
the de?nition of the Word lines. 

[0041] FIGS. 4 and 4A shoW schematically and in 
enlarged scale, With the presence of ?eld oxide shoWn in 
FIG. 4A, a vertical cross section of a semiconductor elec 
tronic device With a planariZed architecture covered above 
by a conducting layer provided in accordance With the prior 
art. 

[0042] FIGS. 5 and 5A shoW schematically and in 
enlarged scale, With the presence of ?eld oxide shoWn in 
FIG. 5A, a vertical cross section of a semiconductor elec 
tronic device limited to a gate region conformed as a 
strati?ed POLY2 - POLYCAP - ONO - POLY1 structure 

created by a process in accordance With the present inven 
tion after etching performed With a so-called POLY2 mask. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] With reference to the Figures there is noW 
described a self-aligned etching process for providing a 
plurality of mutually parallel Word lines in a ?rst conducting 
layer made up of a pair of superimposed layers 11, 12. 

[0044] These layers 11, 12 are deposited over a planariZed 
architecture 9 obtained starting from a semiconductor sub 
strate 1 on Which a plurality of active elements is provided 
extending along separated parallel lines, e.g., bit lines 13, of 
memory cells. 

[0045] These memory cells comprise gate regions made 
up of a thin gate oxide layer 3, a ?rst conducting layer 4, an 
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intermediate dielectric layer 5 and a second conducting layer 
6. The gate regions 13 are mutually insulated by insulating 
dielectric ?lms 7, 8 deposited betWeen the gate regions 13 to 
form said planariZed architecture 9. 

[0046] The Word lines are de?ned photolithographically 
by protective strips Which are orthogonal to the bit lines. 

[0047] In the example of FIG. 5 is illustrated the vertical 
cross section of a ?oating gate region folloWing provision of 
a self-aligned etching in accordance With the principles of 
the present invention. 

[0048] The vertical cross section of the ?oating gate 
region shoWs a strati?ed structure built over a semiconduc 
tor substrate 1 and comprises an optional ?eld oxide layer 2, 
a thin gate oxide layer 3, a ?rst polysilicon conducting layer 
4 indicated as POLY1, an interpoly dielectric layer 5, e.g., 
ONO, and a second conducting polysilicon layer 6 indicated 
as POLYCAP. Over the POLYCAP layer 6 is provided 
another conducting layer including tWo layers 12, 11, i.e., 
the ?rst 12 of polysilicon termed also POLY2 and the second 
11 of silicide e.g., tungsten silicide (WSiZ). 

[0049] Advantageously in accordance With the present 
invention the etching for de?nition of the Word line geom 
etry and insulation of the individual memory cells is pro 
vided in tWo successive steps. 

[0050] In a ?rst step there is provided the action of a 
self-aligned etching starting from the exposed surface of the 
additional conducting layer 11, 12. This etching proceeds 
With a vertical pro?le (an isotropic etch) for removal of the 
conducting layer 11, 12 and of the underlying layers 6 and 
5 of POLYCAP and ONO from the gate regions 13 not 
protected by the photolithographic process. As mentioned 
above, a POLY2 mask is used for de?nition of the Word lines 
in the photolithography step. 

[0051] In the second step of the process in accordance 
With the present invention the use of an isotropic etching is 
called for removal of the POLY1 layer 4 from the ?oating 
gate regions 13. 

[0052] This isotropic etching can extend its action even 
laterally so as to remove also the pair of polysilicon steps 10 
formed as fully explained With reference to the prior art. The 
isotropic etching removes the POLY1 layer 4, including the 
steps 10, Without removing the layers 5, 6, 11, 12, because 
the layers 5, 6, 11, 12 are protected by a polymeric passi 
vating layer formed during the anisotropic portion of the 
self-aligning etching. 
[0053] The repeatability and effectiveness of the process 
proposed is Well correlated With the choice of an isotropic 
etching time suf?cient to remove the pair of steps. 

[0054] The effect secured by employing this type of etch 
ing in this process step is clearly visible in FIG. 5 in Which 
the vertical cross section of the individual cell taken from the 
?oating gate region 13 shoWs a characteristic morphology 
easily identi?able by means of a SEM, TEM or FIB analysis. 

[0055] Indeed, there can be seen a typical undercut of the 
POLY1 layer 4 linked to the use of the isotropic etching in 
the second process step. 

[0056] One of ordinary skill in the art Will surely recog 
niZe in the process proposed here a solution to all those 
technical problems in Which there is conducting material 
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previously not removed because protected by undesired 
micromasks Which can cause spurious contacts. 

[0057] It is noted in particular that the technical problem 
set forth above and concerning the possibility of spurious 
contacts betWeen the ?oating gate regions associated With 
adjacent memory cells remains even When the pro?le of the 
vertical cross section of the gate regions 13 is the trapeZoid 
type and not only in the presence of steps as described. 

[0058] In conclusion, the self-aligned etching proposed by 
the present invention is capable of ensuring good reliability 
of the memory devices With matrix con?guration if provided 
in accordance With the process described here. 

[0059] It should be understood that even though numerous 
advantages of the present invention have been set forth in the 
foregoing description, the disclosure is illustrative only. 
Changes may be made in detail and yet remain Within the 
broad principles of the present invention. 

What is claimed is: 
1. A self-aligned etching process for providing a plurality 

of mutually parallel Word lines in a ?rst conducting layer 
deposited over a planariZed architecture obtained starting 
from a semiconductor substrate on Which a plurality of 
active elements are provided extending along separate par 
allel lines, and comprising gate regions made up of a second 
conducting layer, an intermediate dielectric layer and a third 
conducting layer, said regions being insulated from each 
other by at least one insulation region to form said archi 
tecture, the Word lines being de?ned photolithographically 
by protective strips, Wherein the process comprises the 
folloWing steps: 

a vertical pro?le etching for complete removal of unpro 
tected areas of the ?rst conducting layer, of the second 
conducting layer, and of the intermediate dielectric 
layer respectively; and 

a folloWing isotropic etching of the third conducting layer. 
2. The self-aligned etching process in accordance With 

claim 1 Wherein said ?rst conducting layer can be provided 
by means of successive depositions of a ?rst and a second 
layer having different chemical composition. 

3. The self-aligned etching process in accordance With 
claim 2 Wherein said ?rst layer is polysilicon. 

4. The self-aligned etching process in accordance With 
claim 2 Wherein the second layer is silicide. 

5. The self-aligned etching process in accordance With 
claim 4 Wherein the second layer is a tungsten silicide. 

6. The self-aligned etching process in accordance With 
claim 1 Wherein said third conducting layer and said second 
conducting layer making up the gate regions are polysilicon. 

7. The self-aligned etching process in accordance With 
claim 1 Wherein the intermediate dielectric layer is interpoly 
ONO. 

8. Amemory device With cross-point matrix con?guration 
comprising bit lines and Word lines obtained by the process 
in accordance With claim 1. 

9. An electronic memory device integrated on a semicon 
ductor substrate and having a plurality of matrix-type topog 
raphy self-aligned gate regions formed by a plurality of 
parallel Word lines substantially orthogonal to a plurality of 
parallel bit lines, Wherein each of the self-aligned gate 
regions comprises: 

a ?rst conducting layer on the semiconductor substrate; 
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an intermediate dielectric layer placed on top of the ?rst 
conducting layer; 

a second conducting layer placed on top of the dielectric 
layer; and 

a third conducting layer for the de?nition of the Word lines 
Wherein the third and the second conducting layer and 
the dielectric layer are etched aWay betWeen Word lines 
to align vertically to the semiconductor substrate and 
the ?rst conducting layer is isotropically etched thereby 
no part of the ?rst conducting layer of the gate regions 
in a Word line is extending outside of the vertically 
aligned line formed by the dielectric, the second con 
ducting and the third conducting layer. 

10. The electronic memory device of claim 9 Wherein the 
?rst and the second conducting layer are polysilicon. 

11. The electronic memory device of claim 9 Wherein the 
dielectric layer is an interpoly ONO. 

12. The electronic memory device of claim 9 Wherein the 
third conducting layer is provided by means of successive 
depositions of a ?rst and a second layer having different 
chemical composition. 

13. The electronic memory device of claim 12 Wherein the 
?rst layer is a polysilicon. 

14. The electronic memory device of claim 12 Wherein the 
second layer is a silicide. 
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15. The electronic memory device of claim 14 Wherein the 
second layer is a tungsten silicide. 

16. Amethod of self-aligned etching for manufacturing an 
electronic memory device, With a matriX-type topography 
memory cell array, integrated on a semiconductor substrate 
and having a ?rst conducting layer, an intermediate dielec 
tric layer, a second conducting layer, and a third conducting 
layer, each aforementioned later layer being placed on top of 
the previous layer respectively, the method comprising the 
steps of: 

de?ning protected areas of the memory device photolitho 
graphically for a de?nition of Word lines; 

etching the memory device vertically for complete 
removal of unprotected areas of the third conducting 
layer, of the second conducting layer, and of the dielec 
tric layer; and 

isotropically etching the ?rst conducting layer thereby no 
part of the ?rst conducting layer is extending outside of 
the vertically aligned lines de?ned by the previous etch 
of the third conducting, the second conducting, and the 
dielectric layer. 


