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(57) ABSTRACT 

A method of manufacturing a non-volatile semiconductor 
memory device having a gate insulating layer composed of 
a ?rst silicon oxide layer, a silicon nitride layer, and a second 
silicon oxide layer and a gate electrode, comprising the steps 
of forming the gate insulating layer on a semiconductor 
substrate, introducing an impurity into a channel region of 
the semiconductor substrate after forming the gate insulating 
layer, or forming a gate electrode on the gate insulating 
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FIG. 2A 
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FIG. 3 
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FIG. 4F 
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FIG. 5 
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METHOD OF MANUFACTURING NON-VOLATILE 
SEMICONDUCTOR MEMORY DEVICE STORING 

CHARGE IN GATE INSULATING LAYER 
THEREIN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method of manu 
facturing an electrically programmable non-volatile semi 
conductor memory device, more particularly a method of 
manufacturing a non-volatile semiconductor memory device 
With a threshold voltage Which is controlled by impurity 
implantation in a channel region. 

[0003] 2. Description of the Related Art 

[0004] In recent years, there has been much activity in 
development of ?ash EEPROMs. There are noW mainly tWo 
types of ?ash memory EEPROMs. One is the ?oating gate 
type ?ash EEPROM, Which can erase and program data by 
controlling the charge stored in a ?oating gate formed 
betWeen a gate insulating layer and a controlling gate via an 
insulating layer. 
[0005] The other is the metal-oxide-nitride-oXide-semi 
conductor (MONOS) type ?ash EEPROM, Which can erase 
and program data by controlling the charge stored in a gate 
insulating layer including a nitride layer. 

[0006] Further, ?ash EEPROMs may be classi?ed by the 
arrangement of the memory cell or the means for program 
ming into a common-source, parallel-array type (NOR type), 
a separate-source, parallel-array type (AND type), a series 
type (NAND type), a divided-bit-line, parallel array type 
(DINOR type), and so on. 

[0007] A?ash memory requires implantation of impurities 
into a channel region in order to control the threshold 
voltage or to make a depletion mode transistor. HoWever, the 
impurities doped in the channel region are re-diffused by the 
heating process after forming the gate insulating layer, so the 
pro?le of the impurities is modi?ed. This prevents the 
fabrication of high density memory devices. 

[0008] A MONOS type ?ash memory, in particular, 
requires a depletion mode transistor, so punch through 
occurs easily and makes fabrication of a high density 
memory device dif?cult. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a 
method of manufacturing a nonvolatile semiconductor 
memory device Which can maintain its impurity pro?le in its 
channel region and therefore enables fabrication of a high 
density memory device. 

[0010] According to one aspect of the present invention, 
there is provided a method of manufacturing a non-volatile 
semiconductor memory device having a gate insulating layer 
composed of a ?rst silicon oXide layer, a silicon nitride layer, 
and a second silicon oXide layer and a gate electrode, 
comprising the steps of forming the gate insulating layer on 
a semiconductor substrate, introducing an impurity into a 
channel region of the semiconductor substrate after forming 
the gate insulating layer, and forming a gate electrode on the 
gate insulating layer. 
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[0011] According to another aspect of the present inven 
tion, there is provided a method of manufacturing a non 
volatile semiconductor memory device having a gate insu 
lating layer composed of a ?rst silicon oXide layer, a silicon 
nitride layer, and a second silicon oXide layer and a gate 
electrode, comprising the steps of forming the gate insulat 
ing layer on a semiconductor substrate, forming a polycrys 
talline silicon layer composed of the gate electrode on the 
gate insulating layer, and introducing an impurity into a 
channel region of the semiconductor substrate after forming 
the polycrystalline silicon layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and other objects and features of the present 
invention Will become clear from the folloWing description 
of the present invention referring to the accompanying 
draWings, in Which: 

[0013] FIG. 1 is a sectional vieW of a memory cell of a 
MONOS type non-volatile semiconductor memory device; 

[0014] FIGS. 2A to 2I are sectional vieWs of a memory 
cell of a MONOS type non-volatile semiconductor memory 
device at various stages of a manufacturing method in the 
related art; 

[0015] FIG. 3 is a vieW shoWing the impurity pro?le in the 
MONOS type non-volatile semiconductor memory device 
shoWn in FIGS. 2A to 2I; 

[0016] FIGS. 4A to 4I are cross-sectional vieWs of a 
memory cell of the MONOS type non-volatile semiconduc 
tor memory device shoWn in FIG. 1 at other stages of the 
manufacturing method according to the present invention; 
and 

[0017] FIG. 5 is a vieW shoWing the impurity pro?le in the 
MONOS type non-volatile semiconductor memory device 
shoWn in FIGS. 4A to 4I. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] Before describing the preferred embodiments of 
the present invention, the related arts Will be described for 
background With reference to the draWings. 

[0019] FIG. 1 is a vieW shoWing the basic con?guration of 
a MONOS type non-volatile semiconductor memory device. 

[0020] As shoWn in FIG. 1, the MONOS type non-volatile 
semiconductor memory device 10 has tWo n+diffusion 
regions 12a, 12b and tWo n‘diffusion regions Which serve as 
the source and drain in a semiconductor substrate, a gate 
insulating layer 14 formed on the substrate layer 11, and a 
control gate 15 formed on the gate insulating layer 14. Side 
Walls 16 are formed on each side of the control gate 15 and 
an insulating layer 17 covers the gate insulating layer 14, 
control gate 15, and side Walls 16. Interconnections 19a, 19b 
composed of aluminum are connected to the n+diffusion 
regions 12a, 12b via contact holes 18a, 18b formed through 
the insulating layer 17. An n+impurity such as phosphorus is 
implanted in a channel region 11A in the substrate 11 to 
control the threshold voltage or to create a depletion mode 
transistor. In FIG. 1, reference numeral 20 shoWs a junction 
isolation area (LOCOS). 

[0021] The gate insulating layer 14 is composed of a ?rst 
oXide layer (tunnel oXide) 141 Which is composed of SiO2, 
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a silicon nitride (Si3N4) layer 142 on the ?rst oxide layer 
141, and a second oxide layer 143 Which is composed of 
SiO2 on the silicon nitride layer 142. 

[0022] The control gate 15 is composed of a polycrystal 
line silicon layer 151 and a refractory metal silicide layer 
152 such as tungsten. 

[0023] Data is stored in the MONOS type non-volatile 
semiconductor memory by the accumulation of a charge in 
the silicon nitride layer 142 of the gate insulating layer 14. 
The threshold voltage in the Write and erase mode is 
controlled, that is, the amount of the charge is controlled, by 
changing the voltage applied to the control gate 15. 

[0024] Next, referring to FIGS. 2A to 2I, a method of 
manufacturing the MONOS non-volatile semiconductor 
device 10 described above as a related art Will be explained. 

[0025] First, as shoWn in FIG. 2A, a ?eld oxide layer 20 
is groWn on the substrate 11 to a thickness of 400 nm by 
thermal oxidation of the substrate 11 at 950° C. for about 4 
hours. 

[0026] Next, an n-type impurity such as phosphorus is 
implanted in the substrate 11 betWeen the ?eld oxide layers 
20. 

[0027] The oxide layer on the substrate 11 betWeen the 
?eld oxide layers 20 is removed, then a tunnel oxide layer 
141 is groWn to a thickness of 2 nm by thermal oxidation at 
750° C. for about 1 minute. 

[0028] As shoWn in FIG. 2B, a silicon nitride layer 142 is 
deposited on the tunnel oxide layer 141 to a thickness of 5 
to 20 nm by loW pressure chemical vapor deposition. 

[0029] Next, as shoWn in FIG. 2C, a top oxide layer 143 
is formed to a thickness of 4 nm by thermal oxidation of the 
surface of the silicon nitride layer 142, using, for example, 
pyrogenic oxide at 950° C. for 50 minutes. 

[0030] Next, as shoWn in FIG. 2D, 21 polycrystalline 
silicon layer 151 of the control gate 15 is deposited by the 
CVD method etc. The thickness of the polycrystalline sili 
con layer 151 is not limited, but is preferably less than about 
200 nm. 

[0031] As shoWn in FIG. 2E, after forming the polycrys 
talline silicon layer 151, a tungsten silicide layer 152 is 
formed on the polycrystalline silicon layer 151 by the CVD 
method. 

[0032] Next, as shoWn in FIG. 2F, a mask 30 is formed on 
the area Where the gate electrode is to be formed, then the 
control gate 15 is patterned in the shape of a gate electrode 
as shoWn in FIG. 2G by etching, using reactive ion etching 
(RIE) etc., the silicide layer 152 and the polycrystalline 
silicon layer 151. 

[0033] Next, as shoWn in FIG. 2H, n-type ions (n') such 
as phosphorus (P) or arsenic are implanted, Whereby 
loW impurity concentration regions 13a, 13b serving as the 
LDD are created. Then a silicon oxide layer is deposited by 
CVD and etched by anisotropic etching, so side Walls are 
formed beside the gate insulating layer 14. 

[0034] n+type ions such as phosphorus (P) or arsenic are implanted at 25 keV at a dosage of 1><1015 cm2 to 

5><1015/cm2, Whereby high impurity concentration regions 
13a, 13b serving as the source and drain are created. 
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[0035] Then annealing is performed to activate the impu 
rities. 

[0036] Next, as shoWn in FIG. 2I, after forming the 
insulating layer 17 on the surface of the substrate, contact 
holes 18a, 18b are formed through the insulating layer 17 to 
reach the n+diffusion regions 12a, 12b, and aluminum inter 
connections 19a, 19b are formed, Whereby the non-volatile 
semiconductor memory device 10 as shoWn in FIG. 1 is 
completed. 

[0037] The forming-annealing process is performed at 
400° C. for about 60 minutes. 

[0038] The method of manufacturing the MONOS type 
non-volatile semiconductor memory device shoWn in FIGS. 
2A to 2I has disadvantages, hoWever. Since the impurities 
are implanted into the channel region 11A before forming 
the gate insulating layer 14, the impurity pro?le of the 
channel region may become distorted as shoWn in FIG. 3 
due to the heat process for forming the gate insulating layer 
14. 

[0039] This disadvantage Will be explained in more detail 
as folloWs. The top oxide layer 143 of the gate insulating 
layer 14 is formed by thermal oxidation of the silicon nitride 
layer 142. The thickness of the top oxide layer 143 must be 
about 2 to 6 nm in a MONOS type non-volatile semicon 
ductor memory device. The heat process to produce the top 
oxide layer 143 should processing at 950° C. for 30 to 80 
minutes. It is necessary to maintain the impurity pro?le in 
the channel region 11A in the case of a semiconductor device 
having ?ne dimensions, but the pro?le may become dis 
torted When forming the top oxide layer 143. This prevents 
the formation of a high density memory device. 

[0040] A MONOS type in particular requires a depletion 
type transistor, so punch-through occurs easily and reduction 
of the cell siZe is harder than another type of memory device. 

[0041] Next, a preferred embodiment of method of manu 
facturing a MONOS type semiconductor memory device 
according to the present invention Will be described With 
reference to FIGS. 4A to 4I. 

[0042] First, as shoWn in FIG. 4A, a ?eld oxide layer 20 
is formed on the substrate 11 to a thickness of 400 nm by 
thermal oxidation of the substrate 11 at 950° C. for about 4 
hours. 

[0043] The oxide layer on the surface of the substrate 11 
betWeen the ?eld oxide layers 20 is removed, then a tunnel 
oxide layer 141 is groWn to a thickness of 2 nm by thermal 
oxidation at 7504° C. for about 1 minute. 

[0044] As shoWn in FIG. 4B, a silicon nitride layer 142 is 
deposited on the tunnel oxide layer 141 to a thickness of 5 
to 20 nm by loW pressure chemical vapor deposition. 

[0045] Next, as shoWn in FIG. 4C, a top oxide layer 143 
is formed to a thickness of 4 nm by thermal oxidation for 
oxidiZing the surface of the silicon nitride layer 142 using 
for example pyrogenic oxide at 950° C. for 50 minutes. 

[0046] Next, as shoWn in FIG. 4D, the polycrystalline 
silicon layer 151 of the control gate 15 is formed by CVD 
etc. The thickness of the polycrystalline silicon layer 151 is 
not limited, but preferably is less than about 200 nm. 
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[0047] Next, an impurity such as phosphorus is implanted 
at a dosage of 3.0><1012/cm2 at an energy of 35 keV in the 
substrate 11 betWeen the ?eld oxide layers 20. 

[0048] As shoWn in FIG. 4E, a tungsten silicide layer 152 
is formed on the polycrystalline silicon layer 151 by CVD. 

[0049] Next, as shoWn in FIG. 4F, a mask 30 is formed on 
the area Where the gate electrode is to be formed, then the 
control gate 15 is patterned in the shape of a gate electrode 
as shoWn in FIG. 4G by etching the silicide layer 152 and 
the polycrystalline silicon layer 151 using for example RIE. 

[0050] Next, as shoWn in FIG. 4H, n-type ions (n') such 
as phosphorus (P) or arsenic are implanted, Whereby 
loW impurity concentration regions 13a, 13b serving as 
LDD are formed. Then, a silicon oxide layer is deposited by 
CVD and etched by anisotropic etching, Whereby side Walls 
16a, 16b are formed on each side of the gate insulating layer 
14. 

[0051] n+type ions such as phosphorus (P) or arsenic (As 
are implanted at 25 keV at a dosage of 1><1015 to 5.0><101 / 
cm2, Whereby high impurity concentration regions 12a, 12b 
serving as the source and drain are created. 

[0052] Then, annealing is performed to activate the impu 
rities. 

[0053] Next, as shoWn in FIG. 4I, an insulating layer 17 
is formed on the surface of the substrate, contact holes 18a, 
18b are formed through the insulating layer 17 to reach the 
n+ diffusion regions 12a, 12b, and aluminum interconnec 
tions 19a, 19b are formed, thereby completing the non 
volatile semiconductor memory device 10 as shoWn in FIG. 
1. 

[0054] A forming-annealing process is performed at 400° 
C. for about 60 minutes. 

[0055] The MONOS type non-volatile semiconductor 
memory device fabricated as described above maintains its 
impurity pro?le as shoWn in FIG. 5 and includes the 
impurity in its gate insulating layer 14 at a concentration of 
1><1017 to 1><1018/cm3 in contrast With the device of a related 
art shoWn in FIG. 3. 

[0056] The MONOS type non-volatile semiconductor 
memory device fabricated by the process described in FIGS. 
4A to 4I displays the same data retention as the MONOS 
type non-volatile semiconductor memory device fabricated 
by the process described in FIGS. 2A to 2I. 

[0057] As described above, according to the embodiment 
shoWn in FIGS. 4A to 4I, an impurity is implanted in the 
channel region 11A after forming the gate insulating layer 14 
and the polycrystalline silicon layer 151 constituting the 
control gate 15, so this MONOS type non-volatile semicon 
ductor memory device has the advantages that the impurity 
pro?le in the channel region 11A can be maintained and the 
siZe of the memory cells can be reduced. 

[0058] In addition, the impurity is introduced into the 
channel region 11A after forming the polycrystalline silicon 
layer 151, so a hydro?uoric acid solution can be used for 
later cleaning and contamination With organic compounds 
and heavy metals can be avoided. 

[0059] Further, there is the advantage that the silicon 
nitride layer 142 sustains damage by the ion implantation 
etc., Which increases the traps in the silicon nitride layer 142. 

Nov. 15, 2001 

[0060] In the above embodiment, the impurity implanta 
tion Was conducted after forming the gate insulating layer 
14, but this can also be done after forming the polycrystal 
line silicon layer 151 constituting the gate electrode 15. 

[0061] Note that the present invention is not limited to the 
above embodiments and can be modi?ed in various Ways 
Within the scope of the present invention. 

What is claimed is: 
1. A method of manufacturing a non-volatile semicon 

ductor memory device, including the steps of forming a gate 
insulating layer on a semiconductor substrate, forming a 
gate electrode on the gate insulating layer and introducing 
impurities into a channel region in a surface area of the 
semiconductor substrate beneath the gate insulating layer, 
characteriZed in that 

in the step of forming the gate insulating layer, a ?rst 
silicon oxide layer, a silicon nitride layer and a second 
silicon oxide layer are formed and stacked in that order, 

after the step of forming the gate insulating layer, the step 
of introducing impurities is carried out. 

2. A method according to claim 1, further comprising a 
step of forming a refractory metal silicide layer on the 
polycrystalline silicon layer to form a gate electrode. 

3. A method of forming a non-volatile semiconductor 
memory device, according to claim 1, Wherein said second 
oxide layer is formed by a thermal oxidation process on a 
surface of the silicon nitride layer. 

4. A method of manufacturing a non-volatile semicon 
ductor memory device, including the steps of forming a gate 
insulating layer on a semiconductor substrate, forming a 
polycrystalline silicon layer on the gate insulating layer and 
introducing impurities into a channel region in a surface area 
of the semiconductor substrate beneath the gate insulating 
layer, characteriZed in that 

in the step of forming the gate insulating layer, a ?rst 
silicon oxide layer, a silicon nitride layer and a second 
silicon oxide layer are formed and stacked in that order, 

after the step of forming the polycrystalline silicon layer, 
the step of introducing impuritis is carried out. 

5. A method according to claim 4, further comprising a 
step of forming a refractory metal silicide layer on the 
polycrystalline silicon layer to form a gate electrode. 

6. A method of forming a non-volatile semiconductor 
memory device, according to claim 4, Wherein said second 
oxide layer is formed by a thermal oxidation process on a 
surface of the silicon nitride layer. 

7. A method of manufacturing a non-volatile semicon 
ductor memory device having a gate insulating layer includ 
ing a ?rst silicon oxide layer, a silicon nitride layer and a 
second silicon oxide layer, and a gate electrode, comprising 
the steps of 

forming the gate insulating layer on a semiconductor 
substrate, 

introducing an impurity into a channel region of the 
semiconductor substrate after forming the gate insulat 
ing layer, and 

forming a gate electrode on the gate insulating layer. 
8. A method according to claim 7, further comprising a 

step of forming a refractory metal silicide layer on the 
polycrystalline silicon layer to form a gate electrode. 
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9. A method according to 7, wherein said second silicon 
oxide layer is formed by oxidizing the silicon nitride layer. 

10. A method of manufacturing a non-volatile semicon 
ductor memory device having a gate insulating layer includ 
ing a ?rst silicon oXide layer, a silicon nitride layer and a 
second silicon oXide layer, and a gate electrode, comprising 
the steps of 

forming the gate insulating layer on a semiconductor 
substrate, 

forming a polycrystalline silicon layer composed of the 
gate electrode on the gate insulating layer, and 
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introducing an impurity into a channel region of the 
semiconductor substrate after forming the polycrystal 
line silicon layer. 

11. Amethod according to claim 10, further comprising a 
step of forming a refractory metal silicide layer on the 
polycrystalline silicon layer to form a gate electrode. 

12. A method according to claim 10, Wherein said second 
silicon oXide layer is formed by oXidiZing the silicon nitride 
layer. 


