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(57) ABSTRACT 
A method for forming a split gate ?ash device is provided. 
In one embodiment, a semiconductor substrate with a dielec 
tric layer formed thereover is provided. A conductor layer is 
formed overlying the dielectric layer. A masking layer is 
deposited overlying the conductor layer. A light sensitive 
layer is formed overlying the masking layer. The light 
sensitive layer is patterned and etched to form a pattern of 
openings therein. The masking layer and the conductor layer 
are etched according to the pattern of openings in the light 
sensitive layer. The conductor layer is etched at the outer 
surface area between the conductor layer and the dielectric 
layer to form undercuts. The dielectric layer is etched to 
form a notch pro?le at the outer surface area between the 
conductor layer and the dielectric layer and portions of the 
substrate are etched to form a plurality of trenches. An 
isolation layer is ?lled over the plurality of trenches and the 
masking layer. The masking layer and portions of the 
conductor layer and isolation layer are etched away, wherein 
a portion of the isolation layer is preserved in the notch 
pro?le. 
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METHOD FOR PREVENTING TRENCHING IN 
FABRICATING SPLIT GATE FLASH DEVICES 

BACKGROUND 

[0001] The present invention relates to semiconductor 
memory devices, and, more particularly, to a structure and 
method of preventing trenching in the fabrication of self 
aligned split gate ?ash devices. 

[0002] A split gate ?ash memory device is essentially a 
MOS transistor With a variable threshold voltage. The 
threshold voltage varies With the amount of charge that is 
stored on a ?oating gate structure. The ?oating gate structure 
overlies a ?rst part of the device channel region. A control 
gate structure overlies a second part of the device channel 
region. Voltage on the control gate controls the second part 
of the device channel region directly and controls the ?rst 
part of the device channel indirectly, as modulated by charge 
on the ?oating gate. The control gate is formed in close 
proximity to the ?oating gate so that a capacitive coupling 
betWeen the control gate and the ?oating gate is achieved. 

[0003] Flash memories have undergone signi?cant 
improvements over the years, such as dramatic reduction of 
device siZe. As devices reduce in siZe, hoWever, a number of 
problems may occur. One such problem is the formation of 
trenches in the active areas of the devices during a ?oating 
gate polysilicon etching step. This problem is best explained 
by Way of description and illustration. FIGS. 1-10 shoW the 
present state of manufacturing a partially completed split 
gate ?ash device. Referring to FIG. 1, a top vieW of a 
partially completed split gate ?ash memory is shoWn. A 
typical ?ash memory comprises a very large number, per 
haps millions, of identical memory cells. The cells are 
arranged in a tWo-dimensional array to facilitate addressing, 
reading, and Writing to speci?c cells in the array. 

[0004] In this layout, a semiconductor substrate 10 is 
provided. The substrate 10 is divided into tWo types of areas: 
active 10 and isolation 20. The active areas (OD) 10 are 
simply areas of semiconductor. The isolation areas (STI) 20 
are areas Where a dielectric material has been formed. The 
isolation areas 20 may comprise any type of dielectric 
material and structure suitable for isolating adjacent active 
devices, such as shalloW trench isolation (STI) that may be 
formed by Well-knoWn methods. Typically, STI regions 20 
comprise trenches in the substrate 10 that are ?lled With a 
dielectric material such as silicon oxide. The memory array 
is laid out such that the STI regions 20 and active (OD) 
regions 10 (active region 10 is not shoWn but a ?rst patterned 
masking layer of silicon nitride (SiN) 50 overlying active 
region 10 is shoWn instead) are in parallel. TWo cross 
sections “2” and “9” are analyZed in the description beloW. 
The “2” cross section bisects the parallel STI 20 and SiN 50 
regions. The “9” cross section is parallel to the STI 20 and 
SiN regions 50. 

[0005] Referring noW to FIG. 2, the “2” cross section is 
illustrated and several layers are formed overlying the 
substrate 10. A dielectric layer 30 is formed overlying the 
substrate 10. This dielectric layer 30 is the ?oating gate 
dielectric and may comprise any dielectric layer having 
suitable dielectric constant and breakdown capability. 

[0006] A conductor layer 40 is then groWn overlying the 
dielectric layer 30. The conductive layer may comprise any 
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conductive material, such as a metal, a semiconductor, or a 
combination of both, that can be used in the formation of a 
MOS gate. A ?rst masking layer 50 is then deposited 
overlying the conductor layer 40. A photoresist layer (not 
shoWn) is then deposited over the masking layer 50 and 
using a conventional photolithography process, the photo 
resist layer is patterned and etched to form a pattern of 
openings. The photoresist pattern is normally used to protect 
all areas on Which active devices Will later be formed. 
Thereafter, the masking layer 50, conductor layer 40, dielec 
tric layer 30 and substrate 10 are etched according to the 
pattern of openings in the photoresist layer and a plurality of 
isolation trenches de?ned by masking layer 50 are formed in 
the substrate 10. The masking layer 50 and conductor layer 
40 may be dry etched, and the dielectric layer 30 may be 
etched by means of either a dry- or Wet-chemical process, as 
is Well-knoWn in the art. The etching is further carried into 
the substrate 10 to form trenches. The trenches are thereafter 
?lled by an STI oxide material and may be ?lled by 
Well-knoWn methods such as high density plasma CVD 
(HDPCVD). The STI oxide material is thereafter planariZed 
by conventional CMP (chemical mechanical planariZation) 
processes. Other planariZation processes could also be used. 
As shoWn in FIG. 2, the substrate 10 is divided by a series 
of isolation (STI) regions 20, each isolation region separates 
an active cell area in the substrate. 

[0007] FIG. 3 is a ?rst cross sectional vieW of the structure 
of FIG. 2 shoWing the removal of the ?rst masking layer 50 
by conventional etching processes and the deposition of a 
second masking layer 60. Second masking layer 60 is the 
?oating gate layer and may comprise of a material that can 
be selectively etched With respect to the underlying layers 
such as conductor layer 40. Second masking layer 60 may 
comprise silicon nitride that is deposited by chemical vapor 
deposition. 

[0008] FIG. 4 is a second cross sectional vieW using the 
“9” of FIG. 1 of the split gate ?ash device shoWing a 
patterned photoresist layer 70, second masking layer 60, 
conductor layer 40, and the dielectric layer 30 formed over 
the substrate 10. After a conventional lithography process, 
FIG. 5 shoWs the second masking layer 60 etched and a 
portion of conductor layer 40 etched aWay and the removal 
of the patterned photoresist layer 70 by a conventional 
ashing process. FolloWing the ashing step, an oxide material, 
such as TEOS 80, is deposited over second masking layer 60 
and conductor layer 40 for subsequent spacer formation, as 
shoWn in FIG. 6. TEOS layer 80 is etched back to form 
spacers 90 on the sideWalls of the second masking layer 60, 
as shoWn in FIG. 7. This etch back step preferably com 
prises a dry etch having an anisotropic etching characteristic. 
FIG. 8 is a cross sectional vieW taken from “2” of FIG. 1 
of the structure of FIG. 3 after the step of forming spacers 
shoWing corners of active regions (OD) 10 being exposed. 

[0009] FIG. 9 is a cross sectional vieW taken from “9” of 
FIG. 1 of the structure of FIG. 7 shoWing the etching of the 
conductor layer 40 and partial etching of the dielectric layer 
30. Conductor layer 40 is etched through Where exposed by 
the second masking layer 60 and spacers 90. 

[0010] The problem the present invention addresses is 
during the conventional formation of split gate ?ash devices 
Where undesirable trenches are formed in the active areas of 
the devices during the ?oating gate polysilicon/conductor 
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layer etching step. FIG. 10 is a cross sectional vieW taken 
from “2” of FIG. 1 of the structure of FIG. 8 after the 
etching of the conductor layer 40 and the formation of 
undesirable trenches 100 in the substrate. As shoWn in FIG. 
8, STI regions 20 recesses after the ?oating gate TEOS 
spacer etching step Which causes the corners of active 
regions (OD) 10 to become exposed. The exposed active 
regions 10 causes trenching after the etching of conductor 
layer 40. Trenches 100 a?‘ect product yield and performance 
of the split gate ?ash device. 

[0011] Accordingly, What is needed in the art is a device 
and method of manufacture thereof that addresses the above 
discussed issues. 

SUMMARY 

[0012] The present invention relates to a method for 
forming a split gate ?ash device. In one embodiment, a 
semiconductor substrate With a dielectric layer formed there 
over is provided. A conductor layer is formed overlying the 
dielectric layer. A masking layer is deposited overlying the 
conductor layer. A light sensitive layer is formed overlying 
the masking layer. The light sensitive layer is patterned and 
etched to form a pattern of openings therein. The masking 
layer and the conductor layer are etched according to the 
pattern of openings in the light sensitive layer. The conduc 
tor layer is etched at the outer surface area betWeen the 
conductor layer and the dielectric layer to form undercuts. 
The dielectric layer is etched to form a notch pro?le at the 
outer surface area betWeen the conductor layer and the 
dielectric layer and portions of the substrate are etched to 
form a plurality of trenches. An isolation layer is ?lled over 
the plurality of trenches and the masking layer. The masking 
layer and portions of the conductor layer and isolation layer 
are etched aWay, Wherein a portion of the isolation layer is 
preserved in the notch pro?le. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The features, aspects, and advantages of the present 
invention Will become more fully apparent from the folloW 
ing detailed description, appended claims, and accompany 
ing draWings in Which: 

[0014] FIG. 1 is a top layout vieW of a partially completed 
split gate ?ash device. 

[0015] FIG. 2 is a cross sectional vieW taken from “2” of 
FIG. 1 of the split gate ?ash device shoWing a patterned ?rst 
masking layer, patterned conductor layer, and patterned 
dielectric layer formed over a semiconductor substrate and 
a plurality of isolation regions. 

[0016] FIG. 3 is a cross sectional vieW of the structure of 
FIG. 2 shoWing the removal of the ?rst masking layer and 
the deposition of a second masking layer. 

[0017] FIG. 4 is a cross sectional vieW taken from “9” of 
FIG. 1 of the split gate ?ash device shoWing a patterned 
photoresist layer, second masking layer, conductor layer, 
and the dielectric layer formed over the substrate. 

[0018] FIG. 5 is a cross sectional vieW of the structure of 
FIG. 4 shoWing the etching of the second masking layer and 
the removal of the patterned photoresist layer. 

[0019] FIG. 6 is a cross sectional vieW of the structure of 
FIG. 5 shoWing the deposition of a TEOS layer for subse 
quent spacer formation. 
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[0020] FIG. 7 is a cross sectional vieW of the structure of 
FIG. 6 shoWing the formation of spacers. 

[0021] FIG. 8 is a cross sectional vieW taken from “2” of 
FIG. 1 of the structure of FIG. 3 after the step of forming 
spacers. 

[0022] FIG. 9 is a cross sectional vieW taken from “9” of 
FIG. 1 of the structure of FIG. 7 shoWing the etching of the 
conductor layer. 

[0023] FIG. 10 is a cross sectional vieW taken from “2” of 
FIG. 1 of the structure of FIG. 8 after the step of etching the 
conductor layer and the formation of trenches in the sub 
strate. 

[0024] FIG. 11 is a cross sectional vieW taken from “2” of 
FIG. 1 prior to the formation of trenches and the deposition 
of an oxide layer in isolation region 20 according to one 
embodiment of the present invention. 

[0025] FIG. 12 is a cross sectional vieW of the structure of 
FIG. 11 after the patterned photo resist layer has been 
removed and the etching of the conductor layer to form 
undercuts according to one embodiment of the present 
invention. 

[0026] FIG. 13 is a cross sectional vieW of the structure of 
FIG. 12 after a portion of the dielectric layer has been etched 
aWay to form a notch pro?le at the outer surface area 
betWeen the conductor layer and the dielectric layer accord 
ing to one embodiment of the present invention. 

[0027] FIG. 14 is a cross sectional vieW of the structure of 
FIG. 13 shoWing the formation of trenches de?ned by the 
masking layer according to one embodiment of the present 
invention. 

[0028] FIG. 15 is a cross sectional vieW of the structure of 
FIG. 14 shoWing the deposition of an isolation layer over 
the trenches and the masking layer according to one embodi 
ment of the present invention. 

[0029] FIG. 16 is a cross sectional vieW of the structure of 
FIG. 15 shoWing the removal of the masking layer and 
portions of the conductor layer folloWing the ?oating gate 
TEOS spacer etching step and the planariZation of the 
isolation layer according to one embodiment of the present 
invention. 

[0030] FIG. 17 is a cross sectional vieW of the structure of 
FIG. 16 shoWing the removal of portions of conductor layer 
folloWing a ?oating gate polysilicon/ conductor layer etching 
step according to one embodiment of the present invention. 

DETAILED DESCRIPTION 

[0031] In the folloWing description, numerous speci?c 
details are set forth to provide a thorough understanding of 
the present invention. HoWever, one having an ordinary skill 
in the art Will recogniZe that the invention can be practiced 
Without these speci?c details. In some instances, Well 
knoWn structures and processes have not been described in 
detail to avoid unnecessarily obscuring the present inven 
tion. 

[0032] Reference Will noW be made in detail to the present 
preferred embodiments of the present invention, examples 
of Which are illustrated in the accompanying draWings. 
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[0033] FIG. 11 is a cross sectional vieW taken from “2” of 
FIG. 1 showing a partially completed split gate ?ash device 
prior to the formation of trenches and the deposition of an 
oxide layer in isolation regions 20 according to one embodi 
ment of the present invention. Several layers are formed 
overlying a semiconductor substrate 10. Substrate 10 may 
comprise any suitable semiconductor material or combina 
tions of materials. In one embodiment, substrate 10 com 
prises monocrystalline silicon. Other substrates, such as 
silicon on isolation (SOI), could also be used. A dielectric 
layer 30 is formed overlying the substrate 10. This dielectric 
layer 30 is the ?oating gate dielectric and may comprise any 
dielectric layer having suitable dielectric constant and break 
doWn capability. Preferably, the dielectric layer 30 com 
prises an oxide material. More preferably, the dielectric 
layer comprises silicon oxide that is thermally groWn on the 
substrate 10 to a thickness of betWeen about 40 Angstroms 
to about 150 Angstroms. 

[0034] A conductor layer 40 is then groWn overlying the 
dielectric layer 30. The conductive layer may comprise any 
conductive material, such as a metal, a semiconductor, or a 
combination of both, that can be used in the formation of a 
MOS gate. Preferably, the conductor layer 40 comprises a 
polysilicon layer that is deposited overlying the dielectric 
layer 30. The polysilicon layer 40 may be doped or undoped. 
More preferably, the polysilicon layer 40 is formed by 
chemical vapor deposition of polysilicon to a thickness of 
betWeen about 300 Angstroms to about 1500 Angstroms. 

[0035] A ?rst masking layer 50 is then deposited overlying 
the conductor layer 40. First masking layer 50 serves to 
protect active regions 10 during the STI oxide deposition 
process and serves as a polish stop layer during the chemical 
mechanical planariZation (CMP) step The ?rst masking 
layer 50 preferably comprises a material that can be selec 
tively etched With respect to the conductor layer 40. More 
preferably, the masking layer 50 comprises silicon nitride 
(SiN) that is deposited by a chemical vapor deposition 
process and preferably deposited to a thickness of betWeen 
about 500 Angstroms to about 2000 Angstroms. 

[0036] A photoresist layer 75 is then deposited over the 
masking layer 50 and using a conventional photolithography 
process, the photoresist layer is patterned and etched to form 
a pattern of openings. The photoresist pattern is normally 
used to protect all areas on Which active devices Will later be 
formed. Thereafter, the masking layer 50 and the conductor 
layer 40 are etched according to the pattern of openings in 
the photoresist layer 75, the masking layer 50 and the 
conductor layer 40 may be etched by a dry etching process. 

[0037] FIG. 12 is a cross sectional vieW of the structure of 
FIG. 11 after the patterned photoresist layer 75 has been 
removed and the etching of the conductor layer 40 to form 
undercuts 110 according to one embodiment of the present 
invention. Patterned photoresist layer 75 may be removed by 
oxygen plasma ashing. Undercuts 110 may be formed by a 
dry etch procedure Where the conductor layer 40 is etched at 
the outer surface area betWeen the conductor layer 40 and 
the dielectric layer 30. In one embodiment, undercuts 110 
may be formed by a procedure of scattering chlorine ions 
having a gas of chlorine, at about 100 to about 200 sccm, 
With a temperature of about 35° C. to about 95° C., a 
pressure of about 10 mTorr to about 50 mTorr, and With a 
time of about 5 to 30 seconds. 
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[0038] FIG. 13 is a cross sectional vieW of the structure of 
FIG. 12 after a portion of the dielectric layer 30 has been 
etched aWay to form a notch pro?le 115 at the outer surface 
area betWeen the conductor layer and the dielectric layer 
according to one embodiment of the present invention. A 
portion of dielectric layer 30 may be removed by using 
either a dry- or Wet-etch chemical process, as is Well knoWn 
to those skilled in the art. In one embodiment, notch pro?le 
115 may be formed by a break through etching gas com 
prising tetra ?uorides methane (CF4), having a pressure of 
about 5 mTorr to about 30 mTorr, With a temperature of 
about 35° C. to about 950 C., and With a time of about 5 to 
about 30 seconds. 

[0039] The etching is further carried into the substrate 10 
to form trenches. FIG. 14 is a cross sectional vieW of the 
structure of FIG. 13 shoWing the formation of trenches 20 
de?ned by the masking layer according to one embodiment 
of the present invention. Trenches 20 are formed by con 
ventional STI trench etch processes. In one embodiment, the 
trenches 20 are etched by dry plasma etching processes. 

[0040] FIG. 15 is a cross sectional vieW of the structure of 
FIG. 14 shoWing the deposition of an isolation layer in the 
trenches and over the masking layer according to one 
embodiment of the present invention. Isolation layer 120 
may comprise a dielectric material such as silicon dioxide 
that may be deposited in the trenches 20 and over the 
masking layer 50 by Well-knoW deposition methods, thus 
forming shalloW trench isolation (STI) as shoWn in FIG. 16. 
In one embodiment, the deposition is performed by plasma 
enhanced chemical vapor deposition (PECVD). In a pre 
ferred embodiment, the deposition is performed by high 
density plasma CVD (HDPCVD) because of its loW depo 
sition temperature, relatively planar surface, and excellent 
gap-?ll characteristics. 

[0041] FIG. 16 is a cross sectional vieW ofthe structure of 
FIG. 15 shoWing the removal of the masking layer and 
portions of the conductor layer after a ?oating gate TEOS 
spacer etching step and the planariZation of the isolation 
layer 120 according to one embodiment of the present 
invention. The isolation layer 120 may be planariZed to 
attain a substantially ?at surface by chemical mechanical 
planariZation (CMP). FolloWing TEOS spacer etching step, 
Where the masking layer 50 and portions of the conductor 
layer 40 are removed, a portion 117 of the isolation layer 120 
is preserved in the notch pro?le 115. The removal of the 
masking layer 50 can be accomplished in a high density 
plasma (HDP) etcher. Referring back to FIG. 8, a cross 
sectional vieW taken from “2” of FIG. 1 shoWs the structure 
of FIG. 3 after the step of forming spacers. STI regions 20 
recesses after the ?oating gate TEOS spacer etching step 
Which causes the corners of active regions (OD) 10 to 
become exposed. The exposed active regions 10 causes 
trenching as Was shoWn in FIG. 10 after the etching of 
conductor layer 40. The portion 117 of isolation layer 120 
protects the corners of the active region (OD) 10, thereby 
preventing the formation of undesirable trenches in the 
active areas of the split gate ?ash device. 

[0042] FIG. 17 is a cross sectional vieW of the structure of 
FIG. 16 shoWing the removal of portions of conductor layer 
folloWing a further ?oating gate polysilicon/conductor layer 
etching step according to one embodiment of the present 
invention. 
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[0043] In the preceding detailed description, the present 
invention is described With reference to speci?cally exem 
plary embodiments thereof It Will, hoWever, be evident that 
various modi?cations, structures, processes, and changes 
may be made thereto Without departing from the broader 
spirit and scope of the present invention, as set forth in the 
claims. The speci?cation and draWings are, accordingly, to 
be regarded as illustrative and not restrictive. It is under 
stood that the present invention is capable of using various 
other combinations and environments and is capable of 
changes or modi?cations Within the scope of the inventive 
concept as expressed herein. 

1. A method for forming a split-gate ?ash device, com 
prising: 

providing a semiconductor substrate With a dielectric 
layer formed thereover; 

forming a conductor layer overlying the dielectric layer; 

depositing a masking layer overlying the conductor layer; 

forming a light sensitive layer overlying the masking 
layer; 

patterning and etching the light sensitive layer to form a 
pattern of openings therein; 

etching the masking layer and the conductor layer accord 
ing to the pattern of openings in the light sensitive 
layer; 

etching the conductor layer at the outer surface area 
betWeen the conductor layer and the dielectric layer to 
form undercuts; 

etching the dielectric layer to form a notch pro?le at the 
outer surface area betWeen the conductor layer and the 
dielectric layer and portions of the substrate to form a 
plurality of trenches; 

?lling an isolation layer over the plurality of trenches and 
the masking layer; and 

etching aWay the masking layer and portions of the 
isolation layer and the conductor layer, Wherein a 
portion of the isolation layer is preserved in the notch 
pro?le. 

2. The method of claim 1, her comprising removing the 
light sensitive layer. 

3. The method of claim 1, further comprising removing 
portions of the etched aWay conductor layer. 

4. The method of claim 1, Wherein the dielectric layer 
comprises oxide. 
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5. The method of claim 1, Wherein the conductor layer 
comprises polysilicon. 

6. The method of claim 1, Wherein the masking layer 
comprise silicon nitride. 

7. The method of claim 1, further comprising removing 
the light sensitive layer. 

8. A method for forming a memory device, comprising: 

providing a semiconductor substrate With a dielectric 
layer formed thereover; 

forming a conductor layer overlying the dielectric layer; 

depositing a masking layer overlying the conductor layer; 

forming a light sensitive layer overlying the masking 
layer; 

patterning and etching the light sensitive layer to form a 
pattern of openings therein; 

etching the masking layer and the conductor layer accord 
ing to the pattern of openings in the light sensitive 
layer; 

etching the conductor layer at the outer surface area 
betWeen the conductor layer and the dielectric layer to 
form undercuts; 

etching the dielectric layer to form a notch pro?le at the 
outer surface area betWeen the conductor layer and the 
dielectric layer and portions of the substrate to form a 
plurality of trenches; 

?lling an isolation layer over the plurality of trenches and 
the masking layer; and 

etching aWay the masking layer and portions of the 
isolation layer and the conductor layer, Wherein a 
portion of the isolation layer is preserved in the notch 
pro?le. 

9. The method of claim 8, further comprising removing 
the light sensitive layer. 

10. The method of claim 8, further comprising removing 
portions of the etched aWay conductor layer. 

11. The method of claim 8, Wherein the dielectric layer 
comprises oxide. 

12. The method of claim 8, Wherein the conductor layer 
comprises polysilicon. 

13. The method of claim 8, Wherein the masking layer 
comprise silicon nitride. 

14. The method of claim 8, further comprising removing 
the light sensitive layer. 

15.-18. (canceled) 


