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(57) ABSTRACT 

Anon-volatile semiconductor memory device and a method 
of manufacturing that device. Asilicon oxide layer is formed 
on a polysilicon layer. Acontrol gate and a gate electrode are 
simultaneously formed by selectively etching the polysili 
con layer by using the silicon oxide layer as a mask. A 
?oating gate is then formed by selectively etching the 
polysilicon layer by using the silicon oxide layer on the 
control gate as a mask. 

99 
96 

9? 
K) 

k W L \/ 

ll l3 



Patent Application Publication Feb. 21, 2002 Sheet 1 0f 13 US 2002/0022323 A1 



Patent Application Publication Feb. 21, 2002 Sheet 2 0f 13 US 2002/0022323 A1 

n J 

N .01 



Patent Application Publication Feb. 21, 2002 Sheet 3 0f 13 US 2002/0022323 A1 

FIG.3 

40m _J 406 \w 
_4 40. 
404 407 

400 

I 402 

4o’3J_] 40a 

FIG.4 

400 402 

401 f 404 
405 

GQIA. 403 / 
( 406 ) Q 407 :35“ Q 408 2) 

5|0 5|2 



Patent Application Publication Feb. 21, 2002 Sheet 4 0f 13 US 2002/0022323 A1 

F|G.5 

llullb'll lull 

I----I I---J 

I 
I 
I 
L-__-___ 

i 
I 
l 

I 

408 

4o| 

II 402 

400B 

40l 

_______J 

i 
I 
l 
L_-______ 

40! 

407 

402 

40s 

40 4 
g‘ 

I 
l 
rid 

403 IIIL I I? 1 l......__..._-... _-----J 
630 4000 400A’) 



Patent Application Publication Feb. 21, 2002 Sheet 5 0f 13 US 2002/0022323 A1 

F|G.6 

‘NM j/////_////// '2 

IN'O 

F|G.7 
l4 '6 

J—---’v|2 

k W L V J 

H 13 

FIG.8 
Hi8 

ZZZEL 
fvlo 

k V A V j 

H l3 

FIG.9 



Patent Application Publication Feb. 21, 2002 Sheet 6 0f 13 US 2002/0022323 A1 

FIG.|O 80 

I6 - M2420 
l4 

V 

ll [3 

l6 , J84 / Nee 
\ \ \/ ' a2 

' yfv 

"‘UIO 

L A 1 
‘v u Tg 



Patent Application Publication Feb. 21, 2002 Sheet 7 0f 13 US 2002/0022323 A1 

FIGJ?) 

k _V k~____\/__)' 

F|G.l4 H - '3 

MMMMW 

FIG.I5 

iiiiiiiii'” 
97 94 99 

84 
8B 

96 I00 



Patent Application Publication Feb. 21, 2002 Sheet 8 0f 13 US 2002/0022323 A1 

FIG. I6 

.6 ' / 

I4\ .\\\\\\\ , 7? 
:2 ~ /////I\ ‘V24 

20 
@410 

L V L J 

n “T37 

FIG.|8 



Patent Application Publication Feb. 21, 2002 Sheet 9 0f 13 US 2002/0022323 A1 

F|G.l9 

I04 
l6 I06 

I4 I02 

FIG.2| 
iiiiiiiii‘p 

92 92a 92b 92 

T7 94 

I08 
() 

77 
HO I02 

IO 

H 13 



Patent Application Publication Feb. 21, 2002 Sheet 10 0f 13 US 2002/0022323 A1 

FIG. 22 

iiiiiiiii’? 
I04 99 

I02 
I00 

H0 
96 

IO 

ll l3 



Patent Application Publication Feb. 21, 2002 Sheet 11 0f 13 US 2002/0022323 A1 

FIG . 23 prior art 
204 202 

4/!’"//////4{44(/././’.4{i 200 

F|G,24 prior or? 
2040 202 

/_/_,f(////_///_ x _ 

g V {L v J 200 

234 

FIG_ 25 prior art 

FIG. 26 Prior on‘ 

ZIOO 2(I2 208 2|2 
/ 

V// 214 



Patent Application Publication Feb. 21, 2002 Sheet 12 0f 13 US 2002/0022323 A1 

FIG.27 prior on 

a. 
‘- —‘\/‘ l ‘v ’ 

234 236 232 

F|G.28 Prior OFT 

2l6 2‘6 
( 206 

234 E52 

FIG,29 prior art 

BIG 
22o 2/24 226 

l'\"\'\'1\'\K‘\J\ 



Patent Application Publication Feb. 21, 2002 Sheet 13 0f 13 US 2002/0022323 A1 

FIG.3O prior an 

238 228 

FIG- 3' Prior .art 

242 224 23° 238 244 



US 2002/0022323 A1 

NON-VOLATILE SEMICONDUCTOR MEMORY 
DEVICE AND METHOD OF MANUFACTURING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a non-volatile 
semiconductor memory device for storing information by 
accumulation of an electric charge and a method of manu 
facturing thereof. More speci?cally, the present invention 
relates to a non-volatile semiconductor memory device in 
Which a memory element is selectively activated by a ?eld 
effect transistor and a method of manufacturing thereof. 

[0003] 2. Description of the Prior Art 

[0004] As a non-volatile semiconductor memory device 
having memory elements provided With ?oating gates and 
control gates, a ?ash memory can be mentioned as an 
example. Avariety of designs are available for ?ash memo 
ries, one of Which is a device in Which a memory element is 
selectively activated by a ?eld effect transistor. A ?ash 
memory With such a con?guration has been disclosed, for 
example, in Japanese Patent Application Laid-Open No. 
6-275847. In the folloWing, a method of manufacturing the 
?ash memory disclosed in the Japanese Patent Application 
Laid-Open No. 6-275847 is described With reference to 
FIGS. 23 to 31. 

[0005] As shoWn in FIG. 23, on a principal surface of a 
semiconductor substrate 200, a silicon oxide layer 202 as a 
tunnel oxide layer is groWn. and then a polysilicon layer 204 
as a ?oating gate is formed. Part of the polysilicon layer 204 
that is positioned over an access transistor formation region 
232 is selectively etched as shoWn in FIG. 24. and remain 
ing part of the polysilicon layer 204 positioned over a 
memory element formation region 234 is left. This remain 
ing part of the polysilicon layer 204 in hereinafter referred 
to as a polysilicon layer 204a. As shoWn in FIG. 25, an 
ONO-layer 206 is formed on the polysilicon layer 204a. and 
a silicon oxide layer 208 as a gate oxide layer is formed over 
the access transistor formation region 232. Subsequently, a 
polysilicon layer 210 is formed on the ONO-layer 206 and 
the silicon oxide layer 208. 

[0006] As shoWn in FIG. 26, a resist 212 is prepared on 
the polysilicon layer 210 Which is then selectively etched by 
using the resist 212 as a mask, thereby forming a gate 
electrode 214 over the access transistor formation region 
232 While leaving part of the polysilicon layer 210 that is 
positioned over the memory element formation region 234. 
The remaining part of the polysilicon layer 210 over the 
memory element formation region 234 is hereinafter 
referred to as a polysilicon layer 210a. This etching exposes 
the silicon oxide layer 208 on a principal surface 236 of the 
semiconductor substrate 200, in the area betWeen the gate 
electrode 214 and a ?oating gate to be formed in a later step. 
Next, as shoWn in FIG. 27, the resist 212 is removed and a 
resist 216 is prepared over the memory element formation 
region 234 and the access transistor formation region 232. 
The resist 216 is patterned so that it provides a mask for 
forming a control gate. 

[0007] Note that the resist 216 is patterned so that it covers 
the gate electrode 214, While at the same time its edge 216a 
does not overlap the polysilicon layers 204a and 210a The 
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gate electrode 214 has to be covered by resist 216 because 
the gate electrode 214 is formed of a material identical to 
that of the control gate and the ?oating gate, i.e. polysilicon, 
and therefore has to be protected from being etched aWay 
during the etching step to form the control gate and the 
?oating gate. The patterning is provided in such a Way that 
the edge 216a does not overlap the polysilicon layers 204a 
and 210a because When the polysilicon layers 204a and 
210a are etched later to form the control gate and the ?oating 
gate, unnecessary polysilicon layers 204a and 210a are left 
on the principal surface of the semiconductor substrate 200 
if the edge 216a overlaps the polysilicon layers 204a and 
210a. Consequently, the resist 216 is patterned While being 
the silicon oxide layer 208 exposed on a principal surface 
236 of the semiconductor substrate 200, in the area betWeen 
the gate electrode 214 and a ?oating gate to be formed in a 
later step. 

[0008] The polysilicon layer 210a is selectively etched by 
using the resist 216 as a mask to forma control gate 218. The 
ONO-layer 206 is then selectively etched by using the resist 
216 as a mask, as shoWn in FIG. 28. This etching removes 
the exposed portion of the silicon oxide layer 208 and 
exposes the principal surface 236 in the area betWeen the 
gate electrode 214 and a ?oating gate to be formed in a later 
step. 

[0009] As shoWn in Pig. 29, the polysilicon layer 204a is 
selectively etched by using the resist 216 as a mask, thereby 
forming a ?oating gate 220. Since the principal surface 236 
is exposed. the principal surface 236 is also etched to 
unavoidably form a groove section 222 on the principal 
surface 236. Subsequently, an ion implantation is provided 
on the principal surface of the semiconductor substrate 200 
by using the resist 216 as a mask. thereby forming a 
source/drain 224 in the memory element formation region 
234 as Well as an impurity region 226 electrically connected 
to the source/drain 224, in the groove section 222. 

[0010] A silicon oxide layer 228 is groWn on the principal 
surface of the semiconductor substrate 200 as shoWn in FIG. 
30. folloWed by the formation of a contact hole 238 on the 
silicon oxide layer 228. The that the source/drain 224 is 
exposed. As shoWn in FIG. 31, an aluminum Wiring 230 is 
then provided on the silicon oxide layer 228. The aluminum 
Wiring 230 is also formed on the contact hole 238 and is 
electrically connected to the source/drain 224. A memory 
element 242 is provided With the control gate 218. the 
?oating gate 220, and the source/drain 224, Whereas an 
access transistor 244 is provided With the gate electrode 214 
and the source/drain 240. 

[0011] As described above, the control gate 219 and the 
gate electrode 214 have conventionally been prepared in 
separate steps. Consequently, there is a need to alloW for a 
margin for aligning a mask for forming the control gate 218 
and a mask for forming the gate electrode 214, Which has 
caused an obstacle for reducing the space betWeen the 
control gate 218 and the gate electrode 214. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made to eliminate 
the above-described problems With the prior art. Accord 
ingly, an object of the present invention is to provide a 
non-volatile semiconductor memory device Which can 
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reduce the space between a control gate and a gate electrode 
and a method of manufacturing thereof. 

[0013] According to one aspect of the present invention, 
there is provided a method of manufacturing a non-volatile 
semiconductor memory device that comprises: 

[0014] a semiconductor substrate having a principal 
surface including a ?rst region and a second region; 

[0015] at least one memory element including a ?oat 
ing gate formed on the ?rst region and a control gate 
formed on the ?oating gate; and 

[0016] at least one access gate transistor for selec 
tively activating the memory element, comprising a 
gate electrode formed on the second region. 

[0017] This method comprises the steps of: 

[0018] forming a tunnel insulation layer on the ?rst 
region; 

[0019] forming on the tunnel insulation layer a ?rst 
conductive layer that functions as the ?oating gate; 

[0020] forming a dielectric layer on the ?rst conduc 
tive layer; 

[0021] forming a gate insulation layer on the second 
region: 

[0022] forming a second conductive layer on the 
dielectric layer and gate insulation layer; 

[0023] forming on the second conductive layer a 
masking layer that has a different etching rate from 
the ?rst conductive layer and functions as a mask 
When the ?rst conductive layer is selectively etched; 

[0024] selectively etching the masking layer and sec 
ond conductive layer to simultaneously form the 
control gate and gate electrode, While leaving the 
masking layer on the control gate; 

[0025] forming a ?rst resist to cover the gate elec 
trode; and 

[0026] selectively etching the ?rst conductive layer 
by using the masking layer on the control gate as 
Well as the ?rst resist as masks to form the ?oating 
gate. 

[0027] In the method of manufacturing a non-volatile 
semiconductor memory device according to the present 
invention. since the control gate and the gate electrode are 
simultaneously formed, there is no need to alloW for the 
margin for aligning the masks for forming the control gate 
and the gate electrode. Consequently, the present invention 
makes it possible to reduce the space betWeen the control 
gate and the gate electrode. The control gate and the gate 
electrode can be simultaneously formed because the present 
invention alloWs the formation of the ?oating gate by using 
the masking layer formed on the control gate as a mask. 
Therefore, in the step of forming the ?rst resist to cover the 
gate electrode, there is no need to form the ?rst resist on the 
second conductive layer on the ?rst region. In the prior art 
method, by contrast, the control gate and the ?oating gate 
have been formed by selectively etching the second and the 
?rst conductive layers by using the ?rst resist as a mask. 
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[0028] The serial steps from forming the masking layer up 
to simultaneously forming the control gate and gate elec 
trode may comprise the steps of: forming a second resist on 
the masking layer; and selectively etching the masking layer 
and the second conductive layer by using the second resist 
as a mask to form the control gate and gate electrode 
simultaneously. 
[0029] The serial steps from forming the masking layer up 
to simultaneously forming the control gate and gate elec 
trode may comprise the steps of; forming a third resist on the 
masking layer: selectively etching the masking layer by 
using the third resist as a mask; and selectively etching the 
second conductive layer by using the masking layer as a 
mask to form the control gate and gate electrode simulta 
neously. 
[0030] The masking layer may comprise an insulation 
layer. The masking layer also may comprise a silicon oXide 
layer. The masking layer may have a thickness from 200 to 
300 nm. 

[0031] The non-volatile semiconductor memory device 
may be provided With a plurality of the memory elements 
and a plurality of the access gate transistors, each of the 
access gate transistors selectively activating only one of the 
memory elements. 

[0032] According to another aspect of the present inven 
tion, there is provided a non-volatile semiconductor memory 
device for storing information through the accumulation of 
an electric charge, comprising: 

[0033] a semiconductor substrate having a principal 
surface comprising a ?rst region and a second 
region; 

[0034] at least one memory element comprising a 
?oating gate formed in the ?rst region and a control 
gate formed on the ?oating gate; 

[0035] at least one access gate transistor comprising 
a gate electrode formed on the second region for 
selectively activating the memory element; 

[0036] a ?rst layer that is located on the control gate 
and has the same Width as the control gate and a 
different etching rate from the ?oating gate; and 

[0037] a second layer that is located on the gate 
electrode and has the same Width as the gate elec 
trode and the same composition as the ?rst layer. 

[0038] The ?rst layer may be smaller than the second layer 
in thickness. 

[0039] The memory element may comprise a ?rst source/ 
drain formed in the ?rst region, and a second source/drain 
that is formed in the ?rst region apart from the ?rst source/ 
drain, the ?oating gate and control gate being located 
betWeen the ?rst source/drain and second source/drain; the 
access gate transistor may comprise a third source/drain 
Which is formed in the second region and a fourth source/ 
drain that is formed in the second region apart from the third 
source/drain, the gate electrode being located betWeen the 
third source/drain and fourth source/drain; a groove section 
may be unavoidably formed on the principal surface in the 
area betWeen the ?oating gate and gate electrode; and an 
impurity region for electrically connecting the second 
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source/drain to the third source/drain may be formed in the 
semiconductor substrate to cover the groove section. 

[0040] The impurity concentration of the impurity region 
may be higher than the impurity concentration of each of the 
?rst source/drain and fourth source/drain. 

[0041] Each of the ?rst and second layers may comprise 
an insulation layer. 

[0042] Bach of the ?rst and second layers may comprise a 
silicon oXide layer. 

[0043] The ?rst layer may be 80 to 200 nm in thickness, 
and the second layer may be 200 to 300 nm in thickness. 

[0044] The non-volatile semiconductor memory device 
may be provided With a plurality of the memory elements 
and a plurality of the access transistors, each of the access 
gate transistors selectively activating only one of the 
memory elements. 

[0045] Note that When the Word “on” is used to eXplain the 
positional relationship betWeen tWo layers of the device in 
the present application, there may eXist other layers betWeen 
those tWo layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 is a cross-sectional vieW of a non-volatile 
semiconductor memory device manufactured by the ?rst 
embodiment of the method of manufacturing a non-volatile 
semiconductor memory device of the present invention. 

[0047] FIG. 2 is a partial plan vieW of a non-volatile 
semiconductor memory device manufactured by the ?rst 
embodiment of the method of manufacturing a non-volatile 
semiconductor memory device Of the present invention. 

[0048] FIG. 3 is a schematic diagram of a memory cell of 
the ?ash memory manufactured by the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0049] FIG. 4 is a schematic cross-sectional vieW of a 
memory cell of the ?ash memory manufactured by the ?rst 
embodiment of the method of manufacturing a non-volatile 
semiconductor memory device of the present invention. 

[0050] FIG. 5 is a schematic diagram of a memory cell 
array of the ?ash memories manufactured by the ?rst 
embodiment of the method of manufacturing a non-volatile 
semiconductor memory device of the present invention. 

[0051] FIG. 6 is a partial cross-sectional vieW of the 
device to illustrate the ?rst step of the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0052] FIG. 7 is a partial cross-sectional vieW of the 
device to illustrate the second step of the ?rst embodiment 
of the method of manufacturing a non-volatile semiconduc 
tor memory device of the present invention. 

[0053] FIG. 8 is a partial cross-sectional vieW of the 
device to illustrate the third step of the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0054] FIG. 9 is a partial cross-sectional vieW of the 
device to illustrate the fourth step of the ?rst embodiment of 
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the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0055] FIG. 10 is a partial cross-sectional vieW of the 
device to illustrate the ?fth step of the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0056] FIG. 11 is a partial cross-sectional vieW of the 
device to illustrate the siXth stop of the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0057] FIG. 12 is a partial cross-sectional vieW of the 
device to illustrate the seventh stop of the ?rst embodiment 
of the method of manufacturing a non-volatile semiconduc 
tor memory device of the present invention. 

[0058] FIG. 13 is a partial cross-sectional vieW of the 
device to illustrate the eighth step of the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0059] FIG. 14 is a partial cross-sectional vieW of the 
device to illustrate the ninth step of the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0060] FIG. 15 is a partial cross-sectional vieW of the 
device to illustrate the tenth step of the ?rst embodiment of 
the method of manufacturing a non-volatile semiconductor 
memory device of the present invention. 

[0061] FIG. 16 is a partial cross-sectional vieW of the 
device to illustrate the ?rst step of the second embodiment 
of the method of manufacturing a non-volatile semiconduc 
tor memory device of the present invention. 

[0062] FIG. 17 is a partial cross-sectional vieW of the 
device to illustrate the second step of the second embodi 
ment of the method of manufacturing a non-volatile semi 
conductor memory device of the present invention. 

[0063] FIG. 10 is a partial cross-sectional vieW of the 
device to illustrate the third step of the second embodiment 
of the method of manufacturing a non-volatile semiconduc 
tor memory device of the present invention. 

[0064] FIG. 19 is a partial cross-sectional vieW of the 
device to illustrate the fourth step of the second embodiment 
of the method of manufacturing a non-volatile semiconduc 
tor memory device of the present invention. 

[0065] FIG. 20 is a partial cross-sectional vieW of the 
device to illustrate the ?fth step of the second embodiment 
of the method of manufacturing a non-volatile semiconduc 
tor memory device of the present invention. 

[0066] FIG. 21 is a partial cross-sectional vieW of the 
device to illustrate the siXth step of the second embodiment 
of the method of manufacturing a non-volatile semiconduc 
tor memory device of the present invention. 

[0067] FIG. 22 is a partial cross-sectional vieW of the 
device to illustrate the seventh step of the second embodi 
ment of the method of manufacturing a non-volatile semi 
conductor memory device of the present invention. 

[0068] FIG. 23 is a partial cross-sectional vieW of the 
device to illustrate the ?rst step of a conventional method of 
manufacturing a non-volatile semiconductor memory 
device. 
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[0069] FIG. 24 is a partial cross-sectional vieW of the 
device to illustrate the second step of a conventional method 
of manufacturing a non-volatile semiconductor memory 
device. 

[0070] FIG. 25 is a partial cross-sectional vieW of the 
device to illustrate the third step of a conventional method 
of manufacturing a non-volatile semiconductor memory 
device. 

[0071] FIG. 26 is a partial cross-sectional vieW of the 
device to illustrate the fourth step of a conventional method 
of manufacturing a non-volatile semiconductor memory 
device. 

[0072] FIG. 27 is a partial cross-sectional vieW of the 
device to illustrate the ?fth step of a conventional method of 
manufacturing a non-volatile semiconductor memory 
device. 

[0073] FIG. 28 is a partial cross-sectional vieW of the 
device to illustrate the sixth step of a conventional method 
of manufacturing a non-volatile semiconductor memory 
device. 

[0074] FIG. 29 is a partial cross-sectional vieW of the 
device to illustrate the seventh step of a conventional 
method of manufacturing a non-volatile semiconductor 
memory device. 

[0075] FIG. 30 is a partial cross-sectional vieW of the 
device to illustrate the eighth step of a conventional method 
of manufacturing a non-volatile semiconductor memory 
device. 

[0076] FIG. 31 is a partial cross-sectional vieW of the 
device to illustrate the ninth step of a conventional method 
of manufacturing a non-volatile semiconductor memory 
device. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0077] Each of the embodiment examples described beloW 
is an application of the present invention to a non-volatile 
semiconductor memory device provided With a plurality of 
memory elements and a plurality of access transistors for 
selectively activating the memory elements, in such a man 
ner that each access transistor selectively activates only one 
memory element. HoWever, the present invention is not 
limited to those described beloW but can be equally Well 
applied to non-volatile semiconductor memory devices 
Wherein memory elements are selectively activated by 
access transistors of types such as NOR, NAND, or DINOR, 
for example. 

[0078] Referring to FIGS. 3, 4, and 5, descriptions are ?rst 
given on a non-volatile semiconductor memory device pro 
vided With a plurality of memory elements and a plurality of 
access transistors for selectively activating the memory 
elements, in such a manner that each access transistor 
selectively activates only one memory element. FIG. 3 is a 
schematic vieW of a memory cell 400 of a ?ash memory of 
the above type. The memory cell 400 has an access transistor 
401 and a memory transistor 402 Which is a memory 
element. The access transistor 401 has a gate 401A and the 
memory transistor 402 has a ?oating gate 403 and a control 
gate 404. The access transistor 401 is an N-channel MOS 
FET With a threshold voltage of approximately 0.7 V. 
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[0079] Programming of the memory cell 400 by channel 
hot electron is achieved by simultaneously applying a high 
positive programming voltage Vpp. For example, 5 to 12 V 
may be applied to the gate 401A of the access transistor 401, 
and 12 V to the control gate 404 of the memory transistor 
402, While holding a source 408 of the memory transistor 
402 at a ground potential Vgp, and applying a positive 
programming pulse to a drain 406 of the access transistor 
401. Aprogramming pulse of about 5 V can be applied for 
100 microseconds, for example. Referring to FIG. 4. a drain 
407 of the memory transistor 402 (Which is also the source 
of the access transistor 401) has a high-concentration doping 
region 510 to the substrate. This ion implantation to the drain 
enhances the electric ?eld in a channel region 511 close to 
the drain 407. thereby accelerating the electrons and gener 
ating a distribution of high energy electrons Which are 
energetic enough to overcome the potential energy barrier 
and to transfer through a thin tunnel layer and into the 
?oating gate 403 (eg for hot electron injection). This ion 
implantation highly doping the drain 407 can multiply the 
speed of programming. Note that the access transistor 401 
uses a smaller fraction of the applied drain pulse voltage, 
since the Width of the access transistor 401 is typically 
Within the range of 1.0 to 5.0 pm, compared With the 0.25 to 
1.5 pm of the memory transistor 402. 

[0080] Erasure of the memory cell 400 is achieved by 
applying 5 V to the source 408 of the memory transistor 402 
While holding the control gate 404 at —7 V. A high electric 
?eld is generated in a tunnel oxide layer 405 (shoWn in Pig. 
4), thereby alloWing the electrons collected in the ?oating 
gate 403 to overcome the potential energy barrier and tunnel 
(by Povler-Nordheim tunneling, for example) through the 
tunnel oxide layer 405 to the source 408 of the memory 
transistor 402. During the erasure, A voltage of 5 to 12 V is 
applied to the gate 401A and the drain 406 is left ?oating. 

[0081] The source 408 of the memory transistor 402 is 
also formed by high-concentration doping 512 of the sub 
strate. This high-concentration doping increases the dielec 
tric breakdoWn of the junction, thereby signi?cantly accel 
erating the transfer of electrons from the ?oating gate during 
the erasure. In this manner, the memory transistor 402 erases 
during the erasure operation to the point at Which its 
threshold voltage is negative. Thus the memory transistor 
402 cannot be turned off by the control gate 404. HoWever, 
the access transistor 401 prevents this overerasure from 
affecting cell performance. More speci?cally, the access 
transistor 401 is not controlled by the state of the ?oating 
gate. so the threshold voltage of the access transistor 401 
remains at approximately 0.7 V. 

[0082] Various operating conditions can be set, other than 
these described above for programming and erasure opera 
tions. The conditions described beloW can also be set, for 
example, When programming and erasure are both provided 
by FoWler-Nordheim tunneling. Programming conditions 
can be: —8 V at the control gate, the source in ?oating, 8 V 
at the drain, and 8 V at the gate of the access transistor. 
Erasure conditions can be: 8 V at the control gate, —8 V at 
the source, the drain in ?oating, and 8 V at the gate of the 
access transistor. 

[0083] A schematic vieW of a memory array 600 Which 
comprises memory cells 400A to 400D is shoWn in FIG. 5. 
Each of these memory cells is identical to the memory cell 
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400. The drains 406 of the access transistors 401 of the cells 
400A and 400B are coupled to a metal drain bit line 631, and 
the sources 408 of the memory transistors 402 of these cells 
400A and 400B are coupled to a metal source bit line 630. 
The gates 401A of the access transistors 401 of the memory 
cells 400A and 400D are coupled to a Word line 520, and the 
control gates 404 of the memory cells 400A and 400D are 
coupled to a control line 521 

[0084] Referring to FIG. 5. the reading of the memory cell 
400A, for example, is accomplished by applying a standard 
voltage Vcc (usually 5 V) to the gate 401A via the Word line 
520 as Well as to the control gate 404 via the control line 
521, While simultaneously sensing the read current ?oWing 
through the memory cell 400A by a conventional sense 
ampli?er (not shoWn in the ?gure) that is connected to the 
drain bit line 631. If the memory cell 400A has been erased 
(i.e., if there is a Zero charge or net positive charge on the 
?oating gate 403), both the access transistor 401 and the 
memory transistor 402 are turned on, alloWing a current to 
?oW through the memory cell 400A Which can be sensed by 
the sense ampli?er. If the memory cell 400A is programmed 
(i.e., if there a net negative charge on the ?oating gate 403). 
the threshold voltage of the memory transistor 402 rises 
above the supply voltage V00, preventing current from 
?oWing through the memory cell 400A. 

[0085] In this con?guration, the sense ampli?er Which 
receives the voltage from the drain bit line generates a 
feedback voltage to the source bit line 630, Which increases 
the voltage on the source bit line 630 during a read opera 
tion. This sloWs doWn the voltage drop on the drain bit line 
631. Thus, the present invention signi?cantly reduces the 
time required for the bit lines to recover their original state 
so that they can perform sensing during the neXt logic state 
cycle, in comparison With conventional memory cell arrays. 

[0086] The main limitation to scaling of the memory 
transistor 402 is the punch-through requirement. Capacitive 
coupling betWeen the drain 407 and the ?oating gate 403 
typically causes the memory transistor 402 to be turned on 
by the coupling to the drain 407. This capacitive coupling 
limits the scalability of the channel length of the channel 
region 511 (see FIG. 4) and thus limits the improvement in 
programming speed that is necessary for the S-volt program 
ming capability. More speci?cally. capacitive coupling from 
the drain 407 to the ?oating gate 403 degrades the punch 
through margin of the memory transistor 402, and limits the 
capability of the memory transistor 402 to handle the drain 
voltage. The capacitive coupling effect does not scale With 
the gate line Width of the memory transistor 402 because of 
the strong effect of fringing capacitance. Which is the 
capacitance other than parallel-plate capacitance. Therefore, 
the effect of this drain coupling becomes more dominant for 
smaller geometries and poses a serious limitation to the 
scaling of conventional EEPROM and ?ash memories that 
do not have access gates. Note that the programming speed 
increases exponentially With the reciprocal of the effective 
channel length. 

[0087] The memory cell of the present invention solves 
this scaling problem by the inclusion of the access transistor 
401 Within the memory cell 400. Since this memory cell 
eliminates punch through of the memory transistor 402 in 
programming mode, the channel length of the channel 
region 511 can be scaled. This scalability means that the 
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channel length can be reduced, Which signi?cantly increases 
the programming speed of the memory cell in comparison 
With the prior art. Moreover, the doping to the drain 407 
enables the memory cell 400 to achieve a full 5-volt pro 
gramming capability. 

[0088] First Embodiment 

[0089] FIG. 1 is a cross-sectional vieW of a portion of a 
non-volatile semiconductor memory device manufactured 
by the ?rst embodiment of the method of manufacturing a 
non-volatile semiconductor memory device of the present 
invention. The principal surface of a silicon substrate 10, 
Which is an eXample of a semiconductor substrate, is divided 
into a ?rst region 11 on Which a memory cell 15 eXempli 
fying the memory element is formed. and a second region 13 
on Which an access gate transistor 17 is formed. On the ?rst 
region 11 is formed a silicon oXide layer 12 as a tunnel 
insulation layer, on Which a ?oating gate 88, an ONO-layer 
16 as a dielectric layer on the ?oating gate 88, and a control 
gate 84 are formed on the ONO-layer. On the control gate 
84, a silicon oXide layer 76 having a thickness of 80 to 200 
nm is formed as an eXample of the masking layer. Within the 
?rst region 11, a source/drain regions 96 and 97 are formed 
separately and in opposite positions across the control gate 
84 and the ?oating gate 88. 

[0090] Over the second region 13 is formed a gate oXide 
layer 20 as a gate insulation layer. on Which a gate electrode 
82 is formed. On the gate electrode 82, a silicon oXide layer 
76 having a thickness of 200 to 300 nm is formed. Within the 
second region 13, source/drain regions 99 and 100 are 
formed separately and in opposite positions across the gate 
electrode 82. 

[0091] On the principal surface of the silicon substrate 10 
in the area betWeen the ?oating gate 88 and the gate 
electrode 82. a groove section 90 is unavoidably formed. 
Over the area of the groove section 90, N” type regions 94 
and 98 are formed in such a Way that the N” type regions 94 
and 98 overlap each other at the groove section 90, With the 
N” type region 94 being formed in a deeper position than the 
N” type region 98 in the silicon substrate 10. Part of the N” 
type regions 94 and 98 positioned in the ?rst region 11 
constitute the source/drain 97, Whereas part of the N” type 
region 98 positioned in the second region 13 constitutes the 
source/drain 99. The impurity region comprising the N” type 
regions 94 and 98 has a higher impurity concentration than 
that of the source/drain regions 96, 99, and 100. 

[0092] On the principal surface of the silicon substrate 10, 
a silicon oXide layer 44 is formed so that it covers the 
memory cell 15 and the access gate transistor 17. On the 
silicon oXide layer 44, a contact hole 46a to eXpose source/ 
drain 96, and a contact hole 46b to eXpose the source/drain 
100 are formed. Over the silicon oXide layer 44, aluminum 
Wiring layers 48a and 48b are provided. The aluminum 
Wiring layer 48a is also formed Within the contact hole 46a 
and is electrically connected With the source/drain 96. Simi 
larly. the aluminum Wiring layer 48b is also formed Within 
the contact hole 46b and is electrically connected to the 
source/drain 100. 

[0093] FIG. 2 is a plan vieW of the non-volatile semicon 
ductor memory device shoWn in FIG. 5 at the segment 
indicated as 400A, and FIG. 1 is a cross-sectional vieW 
taken along the A-A line in the direction as indicated by the 
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arrows. The illustration shows that the control gate 37, 
aluminum Wiring layer 48a, control gate 84, groove section 
90, gate electrode 82, and aluminum Wiring layer 48b are 
formed With vertical spaces provided betWeen them. The 
control gate 84 and the gate electrode 82 correspond respec 
tively to the control gate 404 and the gate electrode 401A 
shoWn in FIG. 5. 

[0094] The ?rst embodiment of the method of manufac 
turing the non-volatile semiconductor memory device 
according to the present invention is described beloW. As 
shoWn in FIG. 6, a silicon oxide layer 12 as the tunnel 
insulation layer having a thickness of 7 to 10 nm is groWn 
on the principal surface of the silicon substrate 10 by means 
of a thermal oxidation method, for example. A polysilicon 
layer 14 having a thickness of 100 to 200 nm, exemplifying 
the ?rst conductive layer, is then groWn over the silicon 
oxide layer 12 by means of a CVD method, for example. 

[0095] As shoWn in FIG. 8, the polysilicon layer 14 over 
the area of a second region 13 is selectively removed by a 
photo-etching technique, for example. Then an ONO-layer 
16 is groWn on the principal surface of the silicon substrate 
10 to cover the polysilicon layer 14 on the ?rst region 11 the 
oxide portions of the ONO layer 16 are formed for example 
by a CVD method or a thermal oxidation method, and the 
nitride portion is formed for example by a CVD method. 

[0096] As shoWn in FIG. 8, a resist 18 is formed on the 
principal surface of the silicon substrate 10. The resist 18 
over the area of the second region 13 is then removed. By 
using the resist 18 as a mask, the ONO-layer 16 and silicon 
oxide layer 12 over the area of the second region 13 are 
etched to expose the 20 principal surface of the silicon 
substrate 10. As shoWn in FIG. 9, a gate oxide layer 20 
having a thickness of 5 to 20 nm is groWn on the second 
region 13 by a thermal oxidation method, for example. 

[0097] As shoWn in FIG. 10, a polysilicon layer 24 having 
a thickness of 200 to 400 nm exemplifying the second 
conductive layer is groWn over the entire principal surface or 
the silicon substrate 10 by means of a CVD method, for 
example. Note here that other examples of the second 
conductive layer include a laminated structure of a polysili 
con layer having a thickness of 80 to 200 nm and a layer of 
silicide such as WSi2, MoSi2. CoSi2, TiSi2 or other materials 
Which is groWn on the polysilicon layer to a thickness of 80 
to 200 nm. Subsequently, a silicon oxide layer 76 having a 
thickness of 200 to 300 nm is formed on the polysilicon 
layer 24 by using, for example, a CVD method. The silicon 
oxide layer 76 is an example of the masking layer. Then a 
resist 80 as the second resist is prepared on the silicon oxide 
layer 76 and patterned for a control gate and a gate electrode. 

[0098] As shoWn in FIG. 11. the silicon oxide layer 76 and 
the polysilicon layer 24 are selectively etched in succession 
by using the resist 80 as a mask to form a control gate 84 and 
a gate electrode 82 simultaneously, With the resist 80 being 
removed afterWard. 

[0099] Subsequently, a resist 86 is prepared over the 
principal surface of the silicon substrate 10, and then pat 
terned to cover the gate electrode 82, as shoWn in FIG. 12, 
The resist 86 thus prepared is the ?rst resist. 

[0100] As shoWn in FIG. 13, the ONO-layer 16 is selec 
tively etched by using as a mask the silicon oxide layer 76 
and the resist 86 on the control gate 84, to leave a portion of 
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the ONO-layer 16 positioned underneath the control gate 84. 
By the selective etching of the ONO-layer 16 in the above, 
the silicon oxide layer 20 on the principal surface of the 
silicon substrate 10 is also etched at the position betWeen the 
?oating gate and the gate electrode to expose the principal 
surface of the silicon substrate 10. A ?oating gate 88 is then 
formed by selectively etching the polysilicon layer 14. By 
the above etching, the exposed portion of the silicon sub 
strate 10 at the principal surface is also etched to form a 
groove section 90 having a depth of 100 to 300 nm in the 
silicon substrate. 

[0101] As described in the step shoWn in FIG. 13, the 
silicon oxide layer 76 on the control gate 84 is used as a 
mask for selectively etching the ONO-layer 16 and the 
polysilicon layer 14. Since the above etching removes a 
portion of the silicon oxide layer 76 on the control gate 84, 
the thickness of the silicon oxide layer 76 on the control gate 
84 becomes smaller than that of the silicon oxide layer 76 on 
the gate electrode 82. 

[0102] Referring to FIG. 14. a resist 92 is formed over the 
principal surface of the silicon substrate 10. The resist 92 is 
then patterned to cover the ?rst region 11 on Which a 
source/drain 96 is formed While its edge 92a is positioned on 
the control gate 84 and also to cover the second region 13 on 
Which a source/drain 100 is formed While its edge 92b is 
positioned betWeen the gate electrode 82 and the groove 
section 90. 

[0103] By using the resist 92 as a mask, a phosphorus ion 
implantation is provided over an area covering the groove 
section 90 on the principal surface of the silicon substrate 
10, under conditions of energy of 40 to 120 KeV and a 
dosage of 1E14/cm2 to 6E15/cm2. Aphosphorus or arsenic 
ion implantation is then performed under conditions of 30 to 
80 Kev and lElS/cm2 to 6E15/cm2. After these ion implan 
tations, a thermal treatment is provided on the diffused ions 
to form an N+ type region 94, having a thickness of 200 to 
600 nm With an impurity concentration of 1E18/cm3 to 
1E21/cm3. The thermal treatment for forming the N+ type 
region 94 is performed under an N2 or NZ/O2 atmosphere for 
30 to 180 minutes at 900 to 950° C. With the above 
mentioned ion implantations and thermal treatment, the N+ 
type region 94 is formed on the principal surface of the 
silicon substrate 10 so that it covers the groove section 90. 

[0104] As shoWn in FIG. 15, a phosphorus ion implanta 
tion is then provided over the principal surface of the silicon 
substrate 10 by using as masks the silicon oxide layer 76 on 
the control gate 84 and the silicon oxide layer 76 on the gate 
electrode 82, under conditions of an energy of 40 to 120 
KeV and a dosage of 5E12/cm2 to 5E14/cm2. Aphosphorus 
or arsenic ion implantation is then performed under condi 
tions of 30 to 80 KeV and lElS/cm2 to 6E15/cm2. After 
these ion implantations and a thermal treatment, the source/ 
drain 96, an N+ type region 98, and the source/drain 100 are 
formed. The N+ type region 98 has a thickness of 100 to 400 
nm and an impurity concentration of 1E17/cm3 to 1E21/cm3. 

[0105] Referring to FIG. 1, a silicon oxide layer 44 as an 
interlayer insulation layer is formed over the entire principal 
surface of the silicon substrate 10 by a CVD method, for 
example. As the interlayer insulation layer. a PSG layer, an 
SOG layer, or a BPSG layer can be used in place of the 
silicon oxide layer. The interlayer insulation layer can also 
be of a single layer of PSG, SOG, or BPSG, or of a 






