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(57) ABSTRACT 

In a cell array region of a NOR-type mask ROM device and 
a fabricating method therefor, following formation of a 
plurality of Word lines parallel to one another on a semi 
conductor substrate, a plurality of sub-bit lines intersecting 
the top portion of the plurality of Word lines at right angles 
are formed. Trench regions are formed on the semiconductor 
substrate exposed by the plurality of Word lines and the 
plurality of sub-bit lines. An interlayer insulating layer is 
formed on the entire surface of the resulting material, and a 
plurality of bit lines Which are parallel to one another are 
formed on the interlayer insulating layer. 
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FIG. 2A (PRIOR ART) 
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FIG. 3A (PRIOR ART) 
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FIG. 4A (PRIOR ART) 

BUR“ - BLZ 

{~28 

{~25 
£23 

/ _>-.-"'_“_ 

TL SBU SBLZ 55w SBL4 ‘5 

~-1 1 

‘I’ ‘T‘ 

FIG. 4B (PRIOR ART) 

BUJ- -~—/-BL2 

TL/ 
SBU SBLZ sew SBL4 ‘ 

‘r + 



Patent Application Publication Aug. 30, 2001 Sheet 5 0f 14 US 2001/0017800 A1 

FIG. 

) —} 
SBU' SBLZ’ SBLE' SBL4' 







Patent Application Publication Aug. 30, 2001 Sheet 8 0f 14 US 2001/0017800 A1 

m 
00 

2 
h 

<E'. 
CD 

- wag 

2 Kink h. ' '\ 



Patent Application Publication Aug. 30, 2001 Sheet 9 0f 14 US 2001/0017800 A1 

,,',,,(,,(, /////// /////// 
1 L2-://////// //////// 

57w 



Patent Application Publication Aug. 30, 2001 Sheet 10 0f 14 US 2001/0017800 A1 

I 
mmli 



Patent Application Publication Aug. 30, 2001 Sheet 11 0f 14 US 2001/0017800 A1 



Patent Application Publication Aug. 30, 2001 Sheet 12 0f 14 US 2001/0017800 A1 



Patent Application Publication Aug. 30, 2001 Sheet 13 0f 14 US 2001/0017800 A1 

77\ ///H 
<53; T \g 

73 

s 



Patent Application Publication Aug. 30, 2001 Sheet 14 0f 14 US 2001/0017800 A1 



US 2001/0017800 A1 

CELL ARRAY REGION OF A NOR-TYPE MASK 
ROM DEVICE AND FABRICATING METHOD 

THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device and manufacturing method therefor, and 
more particularly, to a cell array region of a NOR-type mask 
ROM device and a fabricating method therefor. 

[0003] 2. Description of the Related Art 

[0004] In semiconductor memory devices, mask ROM 
devices are characteriZed in that information programmed in 
a memory cell is not erasable, nor is neW information 
storable in a speci?c cell. The mask ROMs have a relatively 
simple fabricating process, as compared With ?ash memory 
devices. They can be used for example in applications Where 
a user desires a code to be stored, and can be manufactured 
Within a relatively short time. Amethod of programming the 
mask ROMs is to selectively implant impurities into the 
channel region of a desired cell during their manufacture in 
such a Way as to change the threshold voltage of the desired 
cell. 

[0005] FIG. 1 is a plan vieW shoWing a portion of a cell 
array region in a conventional NOR-type mask ROM. Refer 
ring to FIG. 1, a plurality of sub-bit lines SBL1, SBL2, 
SBL3, SBL4, . . . , comprised of a buried N+ layer, are 

arranged parallel to one another on a semiconductor sub 
strate. Aplurality of Word lines WL1, WL2, WL3, . . . Which 
intersect the sub-bit lines SBL1, SBL2, SBL3, SBL4, . . . at 
right angles, are arranged parallel to each other. In addition, 
a plurality of bit lines BL1, BL2, . . . are formed parallel to 

the sub-bit lines SBL1, SBL2, SBL3, and SBL4. The bit 
lines BL1, BL2, . . . are connected to the sub-bit lines 

through a select transistor to transmit an external electrical 
signal. In particular, the sub-bit lines SBL1, SBL2, SBL3, 
SBL4, . . . operate as a source/drain of a memory cell 

transistor. The region betWeen the sub-bit lines SBL1, SBL2, 
SBL3, SBL4, . . . disposed in the loWer part of the Word lines 
is used as a channel region. The Word lines WL1, WL2, 
WL3, . . . are formed on the source/drain region and channel 

region to operate as gate electrodes. 

[0006] FIGS. 2A, 3A and 4A are sectional vieWs for 
explaining a method for fabricating a conventional NOR 
type mask ROM cell taken along line A-A‘ shoWn in FIG. 
1, While FIGS. 2B, 3B and 4B are sectional vieWs for 
explaining a method of fabricating the same taken along line 
B-B‘ shoWn in FIG. 1. Referring to FIGS. 2A and 2B, a 
P-Well region 13 is formed over a semiconductor substrate 
11. A sacri?cial oxide layer 15, is provided over the surface 
of the P-Well region 1, and on top of the sacri?cial oxide 
layer 15 a ?rst photoresist pattern 17 is formed using a photo 
mask in Which the sub-bit lines of FIG. 1 are draWn. Then, 
N-type impurities 19 such as arsenic are implanted on 
the surface of the P-Well region 13 using the ?rst photoresist 
pattern 17 as an ion implantation mask, to form a plurality 
of N-type impurity regions 21 parallel to one another. 

[0007] Referring to 3A and 3B, the ?rst photoresist pattern 
17 and the sacri?cial oxide layer 15 are removed to expose 
the plurality of N-type impurity regions 21 formed on or on 
the surface of the P-Well region 13. Then, a gate oxide layer 
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23 such as a thermal oxide layer is formed on the surface of 
the resulting material. Consequently, impurities Within the 
N-type impurity regions 21 are activated to form a plurality 
of buried N+ layers SBL1, SBL2, SBL3, and SBL4, Which 
are parallel to one another. In this case, impurities Within the 
N-type impurity regions 21 are diffused along the boundary 
betWeen the gate oxide layer 23 and the P-Well region 13 to 
form tails (TL) on the edges of each of the buried N+ layers 
SBL1, SBL2, SBL3, and SBL4. This is because, When the 
gate oxide layer, i.e. thermal oxide layer, is formed With the 
N-type impurity regions 21 exposed, the speed at Which 
impurities Within the N-type impurity regions 21 are dif 
fused into the bulk region of the P-Well region 13 is faster 
than the speed at Which the same impurities are diffused 
along the surface of the P-Well region 13. This phenomenon 
is referred to as the “oxidation enhanced diffusion” effect. 
This makes the gap betWeen the plurality of buried N+ layers 
SBL1, SBL2, SBL3, and SBL4 narroWer than the original 
gap betWeen the N-type impurity regions 21. As a result, 
some problems occur in that the Width of an isolation area 
as Well as the effective channel length of cell transistors is 
reduced since the gap betWeen buried N+ layers SBL1, 
SBL2, SBL3, and SBL4 operating as a source/drain region 
is narroWer. 

[0008] Furthermore, the plurality of buried N+ layers 
SBL1, SBL2, SBL3, and SBL4 serve as common source and 
drain lines of cell transistors. Thus, it is preferable that the 
plurality of buried N+ layers SBL1, SBL2, SBL3, and SBL4 
are doped to as high a concentration as possible, in order to 
reduce their resistance. HoWever, as the concentration of 
impurities in the plurality of buried N+ layers SBL1, SBL2, 
SBL3, and SBL4 becomes higher, the tails (TL) become 
longer and the effective channel of cell transistors becomes 
shorter. 

[0009] Additionally, at the initial stage of a thermal oxi 
dation process for forming the gate oxide layer 23, an 
out-diffusion of impurities, i.e., arsenic ions, Within the 
N-type impurity regions 21 occurs. This causes the out 
diffused N-type impurities to be moved again on the surfaces 
of the P-Well region 13 and a substrate of the peripheral 
circuit region (not shoWn), Which may locally change the 
concentration of impurities on the substrate surfaces. If the 
impurity concentration on the substrate surfaces turns out to 
be uneven, an electrical characteristic such as the threshold 
voltage of an MOS transistor Will also be uneven, so that 
malfunction of the circuit occurs. 

[0010] A ?rst conductive layer (not shoWn) such as a 
doped polysilicon layer is provided on top of the gate oxide 
layer 23. The ?rst conductive layer is patterned to form a 
plurality of Word lines (WL2) 25 Which intersect the plu 
rality of buried N+ layers SBL1, SBL2, SBL3, and SBL4 at 
right angles. Next, on the substrate over Which the plurality 
of Word lines 25 is formed, a second photoresist pattern 26, 
Which opens the desired cell using a program mask shoWn 
in FIG. 1, is formed. Then, P-type impurities 27 such as 
boron (B) ions are implanted selectively on the channel 
region of the desired cell, using the second photoresist 
pattern 26 as an ion implantation mask. The channel con 
centration of the desired cell is higher than the original 
channel concentration, so that the threshold voltage of the 
desired cell is increased. As a result, the desired cell is 
programmed. 
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[0011] Referring to FIGS. 4A and 4B, the second photo 
resist pattern 26 is removed. A interlayer insulating layer 28 
is provided over the entire surface of the semiconductor 
substrate 11 from Which the second photoresist pattern 26 
has been removed. Then, bit line contact holes (not shoWn) 
Which expose a predetermined region among the buried N+ 
layers SBL1, SBL2, SBL3, and SBL4 are formed, patterning 
the interlayer insulating layer 28. Asecond conductive layer 
(not shoWn), e.g., a metal layer is provided over the entire of 
the semiconductor substrate 11 on Which the bit line contact 
holes have been formed. Aplurality of bit lines BL1 and BL2 
Which intersect the plurality of Word lines 25 at right angles 
are formed by patterning the second conductive layer. First 
and second bit lines BL1 and BL2 are each electrically 
connected to the N+ layers SBL1, SBL2, SBL3, and SBL4 
through the bit line contact holes. 

[0012] As described above, according to the conventional 
art, tails (TL) occur When a plurality of buried N+ layers 
SBL1, SBL2, SBL3, and SBL4 are formed on the surface of 
a semiconductor substrate. As a result, the gap betWeen the 
buried N+ layers SBL1, SBL2, SBI3, and SBL4 becomes 
narroWer by a subsequent thermal process, in Which case 
impurities outWardly diffused from the plurality of buried 
N+ layers SBL1, SBL2, SBL3, and SBL4 are implanted 
again into the surfaces of the semiconductor substrate 11 in 
a P-Well region Within a cell area, and a peripheral circuit 
region. This not only reduces the punchthrough margin of a 
cell transistor, but also degrades the isolation properties of 
the cell transistor to make reducing the area of a cell array 
region dif?cult. Thus, the conventional art is not suitable for 
embodying densely integrated mask ROMs. Further, the 
surface concentration of channel regions of MOS transistors 
formed on a peripheral circuit region, as Well as that of 
channel regions of cell transistors Which are not pro 
grammed, is not uniform, Which may cause a malfunction in 
the mask ROMs. 

SUMMARY OF THE INVENTION 

[0013] To address the above limitations, it is an object of 
the present invention to provide a cell array region of a 
NOR-type mask ROM device, Which not only increases the 
punchthrough margin of a cell transistor but also improves 
the isolation characteristic betWeen cell transistors. 

[0014] It is another object of the present invention to 
provide a method for fabricating a cell array region of a 
NOR-type mask ROM device Which is capable of containing 
cell transistors and peripheral circuit transistors of equal 
characteristics, as Well as improving a punchthrough margin 
and isolation properties betWeen cell transistors. 

[0015] To achieve the object of the invention, there is 
provided a cell array region of a NOR-type mask ROM 
device including a plurality of Word lines Which are formed 
on a semiconductor substrate parallel to one another, a 
plurality of sub-bit lines Which intersect the top portion of 
the plurality of Word lines at right angles, a plurality of 
trench regions formed on the semiconductor substrate, the 
plurality of trench regions eXposing the semiconductor sub 
strate betWeen the plurality of sub-bit lines and the plurality 
of Word lines, and a plurality of bit lines electrically con 
nected With the sub-bit lines. 

[0016] In this case, the semiconductor substrate is either a 
semiconductor substrate in Which a P-Well region is formed, 
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or a P-type semiconductor substrate. Further, the semicon 
ductor substrate is preferably a silicon substrate. 

[0017] A gate insulating layer interposes betWeen the 
plurality of Word lines and the semiconductor substrate, and 
a capping layer pattern is stacked on each Word line. Each 
Word line and the capping layer pattern stacked thereon form 
a Word line pattern. A spacer made of an insulating layer is 
formed along the sideWall of each Word line pattern. Thus, 
each Word line is insulated by the spacer and the capping 
layer pattern. Each sub-bit line passes the top of the plurality 
of Word line patterns and contacts the semiconductor sub 
strate betWeen the plurality of Word lines. Source or drain 
regions of cell transistors are formed on the surface of the 
semiconductor substrate contacting each sub-bit line. The 
source and drain regions are doped With impurities of the 
opposite conductive type to the semiconductor substrate, 
such as N-type impurities. 

[0018] A capping layer pattern is stacked on each source 
line as Well as each sub-bit line. Each sub-bit line and the 
capping layer pattern stacked thereon form a sub-bit line 
pattern. It is preferable to further include ?eld channel stop 
layers, doped With the same type of conductive impurities as 
the semiconductor substrate, on the sideWalls and the bottom 
of the trench regions. The semiconductor substrate surface 
intersecting the plurality of Word lines among the semicon 
ductor substrate surfaces betWeen the sub-bit lines, corre 
sponds to a channel region of each cell transistor. A channel 
region of at least one programmed cell transistor among a 
plurality of cell transistors has a higher impurity concentra 
tion than the semiconductor substrate does. The bit lines 
pass the top of sub-bit lines and are arranged parallel thereto. 

[0019] To achieve another object of the present invention, 
there is provided a method of fabricating a cell array region 
of a NOR-type mask ROM device, including the steps of 
forming a plurality of Word line patterns Which are parallel 
to one another on a semiconductor substrate, forming a 
plurality of sub-bit line patterns Which intersect the plurality 
of Word line patterns at right angles after eXposing the 
semiconductor substrate betWeen the plurality of Word line 
patterns, etching the semiconductor substrate eXposed by the 
plurality of Word line patterns and the plurality of sub-bit 
line patterns to form a plurality of trench regions, forming an 
interlayer insulating layer on the entire surface of the 
semiconductor substrate on Which the plurality of trench 
regions have been formed, patterning the interlayer insulat 
ing layer to form a bit line contact hole exposing an active 
region Which is connected With a sub bit line forming sub-bit 
line pattern, and forming bit lines Which are parallel to each 
sub-bit line pattern and are electrically connected With each 
sub-bit line through each bit line contact hole. 

[0020] Forming the plurality of Word line patterns includes 
the steps of forming a gate insulating layer on the semicon 
ductor substrate, sequentially forming a conductive layer 
and a capping layer on the gate insulating layer, and sequen 
tially patterning the capping layer and the conductive layer. 
The conductive layer is comprised of a doped polysilicon 
layer or metal polycide layer. Thus, each Word line pattern 
is formed of a Word line made of a conductive layer pattern, 
and a capping layer pattern stacked thereon. 

[0021] Forming the plurality of sub-bit line patterns 
includes the steps of forming a spacer made of an insulating 
layer such as a high temperature oXide (HTO) layer along 
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the sidewall of the plurality of Word line patterns, removing 
a gate insulating layer remaining on the semiconductor 
substrate betWeen the Word line patterns to eXpose the 
semiconductor substrate betWeen the plurality of the Word 
line patterns, sequentially forming a conductive layer and a 
capping layer over the entire surface of the resulting mate 
rial, and sequentially patterning the capping layer and the 
conductive layer to form a plurality of sub-bit lines crossing 
the plurality of Word line patterns. Each sub-bit line pattern 
is formed of a sub-bit line made of a conductive layer pattern 
and a capping layer pattern stacked thereon. The conductive 
layer may be comprised of a polysilicon layer doped With the 
opposite type of conductive impurities to the semiconductor 
substrate, or a metal polycide layer. Further, the capping 
layer may be formed of the same material layer as that used 
in forming the plurality of Word line patterns. Prior to 
forming the spacer, the step of forming impurity regions 
doped With the opposite type of conductive impurities to the 
semiconductor substrate, on the surface of semiconductor 
substrate betWeen the Word line patterns may be further 
included. Impurities Within the conductive layer forming the 
sub-bit lines may form impurity regions by auto doping 
during a manufacturing process. The impurity regions are 
doped at a high concentration of more than 1018/cm3. 

[0022] The plurality of trench regions are formed by 
etching the semiconductor substrate using capping layer 
patterns forming the plurality of Word line patterns, a spacer 
formed along the sideWall of the plurality of Word line 
patterns, and capping layer patterns forming the plurality of 
the sub-bit line patterns as a self-aligned etching mask. The 
plurality of trench regions are formed deeper than the 
impurity regions. Preferably, the same type of conductive 
impurities as the semiconductor substrate are implanted over 
the surface of the semiconductor substrate on Which the 
plurality of trench regions have been formed, to form ?eld 
channel stop layers on the sideWalls and the bottom of the 
plurality of trench regions. 

[0023] As described in the foregoing, the present inven 
tion, forming sub-bit lines subsequently after forming a 
plurality of Word lines, can signi?cantly reduce the time for 
a thermal process Which is conducted on source and drain 
regions of a cell transistor, as compared With the conven 
tional art. Such reduction results in improvement of the 
punchthrough margin of cell transistors, thereby providing 
an enhanced embodiment of a highly integrated mask ROM 
device. Furthermore, an isolation characteristic can be 
improved by forming trench regions betWeen source and 
drain regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The above objectives and advantages of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

[0025] FIG. 1 is a plan vieW shoWing a portion of a cell 
array region of a conventional NOR-type mask ROM 
device; 

[0026] FIGS. 2A, 3A, and 4A are sectional vieWs for 
explaining a method for fabricating a cell array region of the 
conventional NOR-type mask ROM device taken along line 
A-A‘ shoWn in FIG. 1 
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[0027] FIGS. 2B, 3B and 4B are sectional vieWs for 
explaining a method for fabricating a cell array region of the 
conventional NOR-type mask ROM device taken along line 
B-B‘ shoWn in FIG. 1; 

[0028] FIG. 5 is a plan vieW shoWing a portion of a cell 
array region of a NOR-type mask ROM device according to 
the present invention; 

[0029] 
FIG. 5; 

[0030] 
FIG. 5; 

[0031] FIG. 7 is an equivalent circuit diagram of a NOR 
type mask ROM cell array region according to the present 
invention; 

[0032] FIGS. 8A-14A are sectional vieWs of a cell array 
region taken along line A-A‘ of FIG. 5 and of a peripheral 
circuit region; and 

[0033] FIGS. 8B-14B are sectional vieWs of a cell array 
region taken along line B-B‘ of FIG. 5. 

FIG. 6A is a sectional vieW taken along A-A‘ of 

FIG. 6B is a sectional vieW taken along B-B‘ of 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0034] A cell array region of a NOR-type mask ROM cell 
array region Will noW be described With reference to FIGS. 
5, 6A, 6B, and 7. Speci?cally, a ?rst conductive type Well 
region, for eXample, a P-Well region 55p is formed over the 
surface of a semiconductor substrate 51 such as a silicon 
substrate. On top of the ?rst conductive type Well region 
55p, a gate insulating layer 57 is formed, and a plurality of 
Word lines WLl‘, WL2‘, WL3‘, . . . Which are parallel to one 

another, are arranged on the gate insulating layer 57. A 
capping layer pattern 61 is stacked on each Word line. It is 
preferable that the capping layer pattern 61 is an insulating 
layer such as a silicon nitride layer, silicon oXynitride layer 
(SiON), or a composite layer made of a silicon oXide layer 
formed on a silicon nitride layer or silicon oXynitride layer. 
Each Word line and the capping layer pattern 61 stacked 
thereon forms a Word line pattern 63w. Aspacer (not shoWn) 
comprised of an insulating layer, e.g., a silicon oXide layer 
such as a high temperature oXide layer (HTO layer) is 
formed along the sideWalls of each Word line pattern 63w. 
Thus, each Word line is surrounded by the capping layer 
pattern 61 and the spacer. Aplurality of sub-bit lines SBLl‘, 
SBL2‘, SBL3‘, SBL4‘, . . . Which are parallel to one another, 
are arranged on top of the plurality of Word line patterns 
63w. The sub-bit lines SBLl‘, SBL2‘, SBL3‘, SBL4‘, . . . 
operating as source and drain lines of cell transistors, 
intersect the plurality of Word line patterns 63w at right 
angles. The sub-bit lines SBLl‘, SBL2‘, SBL3‘, SBL4‘, . . . 
contact the semiconductor substrate 51 betWeen the Word 
lines WLl‘, WL2‘ WL3‘, . . . i.e., the P-Well region 55p. On 
the surfaces of the P-Well region 55p in contact With the 
sub-bit lines SBL1, SBL2, SBL3, and SBL4 are formed the 
N-type impurity regions 65, doped, preferably, at a concen 
tration of more than 1018/cm3. 

[0035] A plurality of trench regions T are formed in the 
P-Well regions 55p betWeen the Word lines WLl‘, WL2‘ 
WL3‘, . . . among regions betWeen the plurality of sub-bit 

lines SBL1‘, SBL2‘, SBL3‘, SBL4‘, . . . . The plurality of 
trench regions T are preferably deeper than the N-type 
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impurity regions 65. A ?eld channel stop layer 75 doped 
With P-type impurities may be further included on the 
sidewalls and the bottom of each trench region T. The ?eld 
channel stop layer 75 improves the isolation characteristic 
betWeen adjacent source and drain regions. 

[0036] Consequently, the N-type impurity regions 65 
formed on the surface of the P-Well region 55p, contacting 
the sub-bit lines SBL1‘, SBL2‘, SBL3‘, SBL4‘, . . . , corre 

spond to source or drain regions of cell transistors. Further, 
the surface region of the semiconductor substrate underlying 
the Word line patterns 63w among the semiconductor sub 
strate surfaces betWeen sub-bit lines SBL1‘, SBL2‘, SBI3‘, 
SBL4‘, . . . corresponds to the channel region of cell 
transistors. 

[0037] An interlayer insulating layer 87 With Which the 
plurality of trench regions T are ?lled, is formed on the 
plurality of Word lines WL1‘, WL2‘ WL3‘, . . . and the 

plurality of sub-bit lines SBL1‘, SBL2‘, SBL3‘, SBL4‘, . . . . 

Aplurality of bit lines BL1‘, BL2‘, . . . Which are parallel to 

the plurality of sub-bit lines SBL1‘, SBL2‘, SBI3‘, 
SBL4‘, . . . are arranged on the interlayer insulating layer 87. 
As shoWn in FIG. 7, one bit line shares tWo sub-bit lines and 
is electrically connected to one of them by select transistors 
BSO1, BSO2, BSE1, and BSE2. For example, a ?rst bit line 
BL1‘ is connected to a ?rst sub-bit line SBL1‘ or a third 
sub-bit line SBL3‘ by a bit line contact hole 41 passing 
through a predetermined region of the interlayer insulating 
layer 87 and select transistors BSO1 and BSO2. Similarly, a 
second bit line BL2‘ is connected to a second sub-bit line 
SBL2‘ or a fourth sub-bit line SBL4‘ by a bit line contact 
hole 43 passing through a predetermined region of the 
interlayer insulating layer 87 and select transistors BSE1 and 
BSE2. In FIG. 7, B01, B02, BE1, BE2 denote select lines, 
S.A. denotes a sense ampli?er, and VG denotes a control 
signal applied to a transistor Q2. 

[0038] Next, a method for forming a cell array region of 
a NOR-type mask ROM cell array region Will noW be 
described With reference to FIGS. 8A-14A and FIGS. 
8B-14B. In each draWing, reference characters “CA” and 
“PC” denote a cell array region and a peripheral circuit 
region, respectively. Further, the cell array region shoWn in 
FIGS. 8A-14A is a section taken along line A-A‘ of FIG. 5 
and that shoWn in FIGS. 8B-14B is a section taken along line 
B-B‘ of FIG. 5. 

[0039] Referring to FIGS. 8A and 8B, an isolation layer 
53 de?ning an active region is provided on a predetermined 
region of a semiconductor substrate 51 such as a silicon 
substrate. The isolation layer 53 is formed using a local 
oxidation of silicon (LOCOS) process or trench isolation 
process, both of Which are Well knoWn. Then, P-type impu 
rities are implanted over the entire surface of the semicon 
ductor substrate on Which the isolation layers 53 have been 
formed, i.e., the entire of a cell array region CA and a 
peripheral circuit region PC, to form a P-Well region 55p. In 
addition, N-type impurities are implanted over the surface of 
the semiconductor substrate 51 in the vicinity of the P-Well 
region 55p to form an N-Well region 5511. At this stage, the 
P-Well region 55p and the N-Well region 5511 formed on the 
semiconductor substrate 51 underlying the isolation layers 
53 are shalloWer than those formed on the semiconductor 
substrate underlying an active region, operating as a ?eld 
channel stop layer. Impurities for adjusting the threshold 
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voltage of a cell transistor or a MOS transistor of a periph 
eral circuit may be additionally implanted over the surface 
of the active region of the semiconductor substrate 51 on 
Which the P-Well region 55p and the N-Well region 5511 are 
formed. 

[0040] A gate insulating layer 57 such as a thermal oxide 
layer is provided over the active region. A conductive layer 
(not shoWn) and a capping layer (not shoWn) are sequen 
tially formed on the entire surface of the semiconductor 
substrate 51 on Which the gate insulating layer 57 has been 
formed. The conductive layer is comprised of a doped 
polysilicon layer or a polycide layer. The polycide layer is 
formed by stacking the doped polysilicon layer and the 
metal silicide layer containing a refractory metal. The cap 
ping layer is preferably formed of an insulating layer for 
minimiZing irregular re?ection in a photo process, such as a 
silicon nitride layer, silicon oxynitride layer (SiON), or a 
composite layer comprised of silicon oxide ?lm formed on 
a silicon nitride layer or silicon oxynitride layer. 

[0041] The capping layer and the conductive layer are 
patterned to form a plurality of Word line patterns 63w 
parallel to one another on the cell array region CA, While 
gate patterns 6311 and 63p are formed on the peripheral 
circuit region PC. Each Word line pattern 63w is formed of 
the Word lines WL1‘, WL2‘ or WL3‘ in FIG. 5, made of a 
conductive layer pattern, and a capping layer pattern 61 
stacked thereon. Further, each gate pattern 6311 or 63p is 
formed of a gate electrode 5911 or 59p made of the conduc 
tive layer pattern, and the capping layer pattern 61 stacked 
thereon. In this case, the gate electrode 5911 is formed on top 
of the P-Well region 55p of the peripheral circuit region PC, 
operating as a gate electrode of an NMOS transistor. In the 
same manner, the gate electrode 59p is formed on top of the 
N-Well region 5511 of the peripheral circuit region PC, 
operating as a gate electrode of a PMOS transistor. 

[0042] N-type impurities are selectively implanted over 
the cell array region CA using the plurality of Word line 
patterns 63w as an ion implantation mask to form N-type 
impurity regions 65 on the surface of the semiconductor 
substrate 51 betWeen the plurality of Word line patterns 63w. 
Preferably, the N-type impurity regions 65 are doped at a 
high concentration of more than 1018/cm3. Referring to 
FIGS. 9A and 9B, N-type impurities such as phosphorous 
ions are selectively implanted over the P-Well region 55p of 
the peripheral circuit region PC to form N-type lightly doped 
drain (LDD) regions 67 on the active region on both sides of 
the gate pattern 6311. An insulating layer 69 such as an HTO 
layer is provided over the entire surface of the semiconduc 
tor substrate 51 on Which the N-type LDD regions 67 have 
been formed. 

[0043] Referring to FIGS. 10A and 10B, the insulating 
layer 69 Within the cell array region CA selectively under 
goes anisotropic etching to form a spacer 69c on the sideWall 
of each Word line pattern 63w. Thus, each of Word lines 
WL1‘, WL2‘, and WL3‘ is surrounded by the spacer 69c and 
the capping layer pattern 61. FolloWing the anisotropic 
etching, P-type impurities 71 such as boron (B) ions are 
selectively implanted over the cell array region CA for 
controlling the threshold voltage of a cell transistor. The 
threshold voltage of a cell transistor is adjusted preferably in 
the range of 0-2 volts. An ion implantation process for 
implanting the P-type impurities 71 is conducted at an 
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appropriate energy so that the P-type impurities may pass 
through the Word line pattern 63w. Subsequently, the residue 
of the gate insulating layer 57 or a natural oxide layer (not 
shoWn) betWeen the Word line patterns 63w is removed to 
expose the N-type impurity regions 65. 

[0044] Referring to FIGS. 11A and 11B, a conductive 
layer and a capping layer (not shoWn) are sequentially 
provided over the entire surface of the semiconductor sub 
strate 51 on Which the N-type impurity regions 65 have been 
exposed. The conductive layer is preferably comprised of a 
polysilicon layer doped With N-type impurities and a poly 
cide layer. The polycide layer is formed by sequentially 
stacking the N-type impurity doped poly silicon layer and a 
metal silicide layer. Further, the capping layer is preferably 
formed of an insulating layer serving as an anti-re?ection 
layer such as a silicon nitride layer, a silicon oxynitride 
layer, or a composite layer comprised of a silicon oxide layer 
formed on a silicon nitride layer or silicon oxynitride layer. 

[0045] Although N-type impurity regions 65 are formed as 
shoWn in FIG. 8B, N-type impurities Within a polysilicon 
layer comprised of the conductive layer can be diffused into 
the P-Well region 55p by a subsequent thermal process to 
form impurity regions corresponding to the N-type impurity 
regions 65. In this case, the impurity concentration in the 
N-type impurity regions may be maintained at a concentra 
tion of more than 1018/cm3 by auto doping. 

[0046] Returning to FIGS. 11A and 11B, the capping 
layer and the conductive layer are sequentially patterned to 
form a plurality of sub-bit lines SBL1‘, SBL2‘, SBL3‘ and 
SBL4‘ intersecting the plurality of Word line patterns 63w at 
right angles, and parallel to one another, on each of Which 
sub-bit lines a capping layer pattern 73 is formed. Then, the 
P-Well region 55p exposed betWeen the sub-bit lines SBL1‘, 
SBL2‘, SBL3‘, and SBL4‘ is etched to form a plurality of 
trench regions T. At this stage, the plurality of trench regions 
T must be formed deeper than the N-type impurity regions 
65. In this case, the N-type impurity regions 65 contacting 
each of sub-bit lines SBL1‘, SBL2‘, SBL3‘, and SBL4‘ 
operate as source regions or drain regions of cell transistors. 

[0047] Referring to FIGS. 12A and 12B, P-type impuri 
ties are implanted over the entire surface of the semicon 
ductor substrate, on Which the plurality of trench regions T 
are formed, to form a ?eld channel stop layer 75 With the 
impurity concentration higher than that of the P-Well region 
55p, on the sideWalls and bottom of each trench region T. In 
this case, the P-type impurities are preferably implanted at 
a predetermined angle, e.g., at about 7° With regard to an 
axis vertical to the surface of the semiconductor substrate 
51, to uniformly dope the sideWalls of each trench region T 
as Well as the bottom thereof. Aprocess for forming the ?eld 
channel stop layer 75 may be omitted. The semiconductor 
substrate 51 on Which the ?eld channel stop layer 75 has 
been formed is thermally oxidiZed to form a thermal oxide 
layer 77 on the side Walls and bottom of each trench region 
T. The thermal oxide layer 77 is for repairing etching 
damage to each trench region T. In this case, the thermal 
oxide layer 77 is formed on the sideWalls of the sub-bit lines 
SBL1‘, SBL2‘, SBI3‘, and SBL4‘ as Well. 

[0048] Referring to FIGS. 13A and 13B, the insulating 
layer 69 overlying the P-Well region 55p of the peripheral 
circuit region PC selectively undergoes anisotropic etching 
to form a spacer 6911 along the sideWall of the gate pattern 
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6311. Then, N-type impurities such as arsenic ions are 
implanted over the P-Well region 55p of the peripheral 
circuit region PC using the gate pattern 63n, spacer 6911, and 
isolation layer 53 as an ion implantation mask to form 
N-type source/drain regions 79 With a high concentration on 
the active region located on both sides of the gate pattern 
6311. In this case, the N-type LDD regions 67 remain on the 
surface of the P-Well region 55p underlying the spacer 6911. 
The N-type LDD regions 67 and N-type high concentration 
source/drain regions 79 form source/drain regions 8111 of an 
NMOS transistor. 

[0049] Next, the insulating layer 69 overlying the N-Well 
region 5511 of the peripheral circuit region PC selectively 
undergoes anisotropic etching to form spacer 69p along the 
sideWalls of the gate pattern 63p. Then, P-type impurities 
such as boron (B) ions are implanted over the N-Well region 
5511 of the peripheral circuit region PC using the gate pattern 
63p, spacer 69p, and isolation layer 53 as an ion implanta 
tion mask to form P-type source/drain regions 83p on the 
active region located on both sides of the gate pattern 63p. 

[0050] Referring to FIGS. 14A and 14B, P-type impuri 
ties are selectively implanted over the channel region of a 
desired cell transistor Within the cell array region CA to form 
an accumulation layer 85. More speci?cally, using the 
program mask P‘ in FIG. 5, a photoresist pattern (not 
shoWn) for opening the upper part of a channel region of a 
cell transistor to be programmed is formed over the source/ 
drain regions 8111 and 83p of NMOS transistors and PMOS 
transistors of the peripheral circuit region PC. Then, P-type 
impurities such as boron (B) ions are implanted using the 
photoresist pattern for programming as an ion implantation 
mask to form the accumulation layer 85 on the surface of the 
portion of the P-Well region 55p underlying a second Word 
line WL2‘, among the portion of the P-Well region 55p 
betWeen ?rst and second sub-bit lines SBL1‘ and SBL2‘. As 
a result, the programmed cell transistor has a threshold 
voltage higher than unprogrammed one, for example, 3-5 
volts or higher. 

[0051] An interlayer insulating layer 87 is formed over the 
semiconductor substrate 51 on Which the accumulation layer 
85 has been formed. The interlayer insulating layer 87 is 
patterned to form bit line contact holes (not shoWn), expos 
ing active regions Which are connected With each sub-bit 
line. A conductive layer (not shoWn) With Which to ?ll each 
bit line contact hole, such as a metal layer, is formed on the 
interlayer insulating layer 87. The conductive layer is pat 
terned to form a plurality of bit lines BL1‘ and BL2‘ and a 
Wiring line 89i Which are parallel to each other. 

[0052] The Write operation of a NOR-type mask ROM 
device including a cell array region manufactured as 
described above is accomplished by grounding the sub-bit 
line connected With a source region of a selected cell 
transistor, applying a voltage in the range of 2-5 volts to a 
gate electrode of the selected cell transistor, i.e., the selected 
Word line, and applying a voltage of about 1-2 volts to a 
sub-bit line connected With a drain region of the selected cell 
transistor, i.e., the selected bit line. In this case, if the 
selected cell transistor is programmed, no current ?oWs 
through the selected bit line. HoWever, if the selected cell 
transistor is not programmed, a predetermined cell current 
?oWs through the selected bit line. Thus, it can be read 
Whether information stored in the selected cell transistor 
corresponds to logic “1” or logic “0”. 






