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Title

METHOD FOR FORMING SEMICONDUCTOR LAYOUT PATTERNS, 

SEMICONDUCTOR LAYOUT PATTERNS, AND SEMICONDUCTOR STRUCTURE

Background of the Invention

1. Field of the Invention

The invention relates to a method for forming semiconductor layout patterns, 

semiconductor layout patterns and a semiconductor structure, and more particularly, 

to a method for forming semiconductor layout patterns, semiconductor layout patterns

and a semiconductor structure having improved process window.  

2. Description of the Prior Art

Increasingly complex electronic systems require increasingly denser active 

devices such as transistors.  Accordingly, memory cells, such as SRAM cells can get 

smaller by shrinking the transistor.  However, it is becoming more and more difficult 

to further reduce the size of transistors to continue shrinking.

In conventional semiconductor processing, diffusions are typically formed in a 

semiconductor substrate and then gate electrodes are aligned and patterned relative 

to the diffusions.  Please refer to FIG. 1A, which shows expected layout patterns for a 

semiconductor device 100.  As shown in FIG. 1A, a diffusion pattern 102, which will 

become part of transistors is provided, and a gate pattern 104 is subsequently 

provided corresponding to the diffusion pattern 102.  The gate pattern 104 includes 

an expected gate width W and an expected channel length L.  It is noteworthy that a 

portion of gate pattern 104 must extend past the diffusion pattern 102 for a minimum 

distance so that the transistor can function.  The region of the gate pattern 104 

extending beyond the diffusion pattern 102 is referred to as the poly end cap 106.  

Please refer to FIG. 1B, which shows a top-down view of the semiconductor 

device 100 after transferring the layout patterns to a substrate or and a layer.  It is 

found that the transferred gate pattern 104 always suffers end shortening arising from 

optical effect and obtains a gate width W’ shorter than the expected gate width W.  

Consequently, the device is adversely impacted by the gate width loss issue.  

Another consideration for the poly end cap 106 is the lithography capabilities in 
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defining the lines and shapes near the poly ends:  It is found that the poly end cap 

106 is rounded as shown in FIG. 1B, instead of squared.  The shortened and rounded 

poly end cap 106 results a channel length L’ shorter than the expected channel length 

L, and consequently the device is adversely impacted by the channel length loss 

issue.  

As semiconductor scaling continues, shortcomings of the conventional patterning 

due to optical effect as mentioned above limits the overall reliability and yield to 

semiconductor device.  Therefore a method for forming semiconductor layout 

patterns having improved process window and thus the semiconductor device obtains 

improved reliability and yield are always in need. 

Summary of the Invention

According to an aspect of the present invention, a method for forming 

semiconductor layout patterns is provided.  The method includes providing a pair of 

first layout patterns being symmetrical along an axial line, each of the first layout 

patterns comprising a first side proximal to the axial line and a second side far from 

the axial line; shifting a portion of the first layout patterns toward a direction opposite to 

the axial line to form at least a first shifted portion in each first layout pattern, and 

outputting the first layout patterns and the first shifted portions on a first mask.

According to another aspect of the present invention, semiconductor layout 

patterns are provided.  The semiconductor layout patterns include a pair of first 

layout patterns being symmetrical along an axial line, each of the first layout patterns 

comprising a first side proximal to the axial line and a second side far from the axial 

line, and a pair of second layout patterns being symmetrical along the axial line and 

perpendicular to the first layout patterns.  Each of the first layout patterns further 

includes a first recessed region formed on the first side and a first bulged region 

formed on the second side, and the second layout pattern overlaps the first recessed 

region and the first bulged region.

According to still another aspect of the present invention, a semiconductor 

structure is provided.  The semiconductor structure includes a pair of first diffusions 

being symmetrical along an axial line, and a pair of gate layers being symmetrical 

Please refer to FIG. 1B, which shows a top-down view of the semiconductor device 100 after transferring
the layout patterns to a substrate or and a layer. It is found that the transferred gate pattern 104 always
suffers end shortening arising from optical effect and obtains a gate width W' shorter than the expected
gate width W. Consequently, the device is adversely impacted by the gate width loss issue. Another
consideration for the poly end cap 106 is the lithography capabilities in  defining the lines and shapes
near the poly ends: It is found that the poly end cap 106 is rounded as shown in FIG. 1B, instead of
squared. The shortened and rounded poly end cap 106 results a channel length L' shorter than the
expected channel length L, and consequently the device is adversely impacted by the channel length loss
issue.     As semiconductor scaling continues, shortcomings of the conventional patterning due to optical
effect as mentioned above limits the overall reliability and yield to semiconductor device. Therefore a
method for forming semiconductor layout patterns having improved process window and thus the
semiconductor device obtains improved reliability and yield are always in need. Summary of the Invention
According to an aspect of the present invention, a method for forming semiconductor layout patterns is
provided. The method includes providing a pair of first layout patterns being symmetrical along an axial
line, each of the first layout patterns comprising a first side proximal to the axial line and a second side far
from the axial line; shifting a portion of the first layout patterns toward a direction opposite to the axial line
to form at least a first shifted portion in each first layout pattern, and outputting the first layout patterns
and the first shifted portions on a first mask.     According to another aspect of the present invention,
semiconductor layout patterns are provided. The semiconductor layout patterns include a pair of first
layout patterns being symmetrical along an axial line, each of the first layout patterns comprising a first
side proximal to the axial line and a second side far from the axial line, and a pair of second layout
patterns being symmetrical along the axial line and perpendicular to the first layout patterns. Each of the
first layout patterns further includes a first recessed region formed on the first side and a first bulged
region formed on the second side, and the second layout pattern overlaps the first recessed region and
the first bulged region.     According to still another aspect of the present invention, a semiconductor
structure is provided. The semiconductor structure includes a pair of first diffusions being symmetrical
along an axial line, and a pair of gate layers being symmetrical  
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along the axial line and perpendicular to the first diffusions.  Each of the first 

diffusions further includes a plurality of first straight-lined portions and at least a 

curved portion formed in between the first straight-lined portions.  And the gate layers 

overlap the first curved portions, respectively.

According to the method for forming semiconductor layout patterns, the 

semiconductor layout patterns and the semiconductor structure provided by the 

present invention, the first layout patterns for forming the diffusions include the first 

shifted portions, such that the second layout patterns for forming the gate layers 

obtain larger end cap portions.  Accordingly, the process window is improved and the 

end shorting and rounding effects no longer impact the products.  

These and other objectives of the present invention will no doubt become obvious to 

those of ordinary skill in the art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various figures and drawings.

Brief Description of the Drawings

FIG. 1A shows expected layout patterns for a semiconductor device.

FIG. 1B shows a top-down view of the semiconductor device after forming the 

layout patterns.

FIG. 2 is a flowchart of a method for forming semiconductor layout patterns 

provided by a preferred embodiment of the present invention.

FIGS. 3-6 are schematic drawings illustrating a method for forming 

semiconductor layout patterns provided by the preferred embodiment of the present 

invention, wherein 

FIG. 4 is a schematic drawing in a step subsequent to FIG. 3,

FIG. 5 is a schematic drawing in a step subsequent to FIG. 4, and 

FIG. 6 is a schematic drawing in a step subsequent to FIG. 5. 

FIGS. 7 and 8 are schematic drawings illustrating steps for forming a 

semiconductor structure provided by the present invention, wherein FIG. 8 is a 

schematic drawing in a step subsequent to FIG. 7.  

Detailed Description

Please refer to FIGS. 2-6, wherein FIG.2 is a flowchart of a method for forming 

along the axial line and perpendicular to the first diffusions. Each of the first diffusions further includes a
plurality of first straight-lined portions and at least a curved portion formed in between the first
straight-lined portions. And the gate layers overlap the first curved portions, respectively.     According to
the method for forming semiconductor layout patterns, the semiconductor layout patterns and the
semiconductor structure provided by the present invention, the first layout patterns for forming the
diffusions include the first shifted portions, such that the second layout patterns for forming the gate layers
obtain larger end cap portions. Accordingly, the process window is improved and the end shorting and
rounding effects no longer impact the products. These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art after reading the following detailed
description of the preferred embodiment that is illustrated in the various figures and drawings. Brief
Description of the Drawings FIG. 'IA shows expected layout patterns for a semiconductor device.      FIG.
1B shows a top-down view of the semiconductor device after forming the layout patterns.      FIG. 2 is a
flowchart of a method for forming semiconductor layout patterns provided by a preferred embodiment of
the present invention.      FIGS. 3-6 are schematic drawings illustrating a method for forming
semiconductor layout patterns provided by the preferred embodiment of the present invention, wherein
FIG. 4 is a schematic drawing in a step subsequent to FIG. 3, 
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semiconductor layout patterns provided by a preferred embodiment of the present 

invention, and FIGS. 3-6 are schematic drawings illustrating the method for forming 

the semiconductor layout patterns provided by the preferred embodiment.  As shown 

in FIG. 2, a Step 10 is performed:

STEP 10: providing a pair of first diffusion layout patterns 200, a pair of second 

diffusion layout patterns 210, and a pair of gate layout patterns 220.  

As shown in FIG. 3, a pair of the first layout patterns such as a pair of first diffusion 

layout patterns 200 is provided.  And the first diffusion layout patterns 200 are 

symmetrical along an axial line A, thus a first side 200a proximal to the axial line A and 

a second side 200b far from the axial line A are defined in each of the first diffusion 

layout patterns 200.  The preferred embodiment also provides a pair of second layout 

patterns such as a pair of second diffusion layout patterns 210.  The second diffusion 

layout patterns 210 are also symmetrical along the axial line A and thus a first side 

210a proximal to the axial line A and a second side 210b far from the axial line A are 

also defined in each of the second diffusion layout patterns 210.  More important, the 

second diffusion layout patterns 210 are parallel with the first diffusion layout patterns 

200 while the first diffusion layout patterns 200 are positioned in between the pair of 

second diffusion layout patterns 210 as shown in FIG. 3.  The preferred embodiment 

further provides a pair of third layout patterns such as a pair of gate layout patterns 

220.  The gate layout patterns 220 are also symmetrical along the axial line A, but the 

gate layout patterns 220 are perpendicular to the first diffusion layout patterns 200 and 

the second diffusion layout patterns 210.  Accordingly, each of the gate layout 

patterns 220 overlaps a portion of the first diffusion layout pattern 200 and a portion of 

the second diffusion layout pattern 210 on the same side of the axial line A.  It is 

noteworthy that on the same side of the axial line A, each gate layout pattern 220

includes a portion extending beyond the first diffusion layout pattern 200 and such 

portion of the gate layout pattern 220 is referred to as an end cap portion.  In other 

words, each of the gate layout patterns 220 include a first end cap portion 222 defined 

between the first diffusion layout pattern 200 and the axial line A as show in FIG. 3.  

Furthermore, an expected channel length L1 is defined as shown in FIG. 3.  

Please refer to FIGS. 2 and 4.  Next, a step 20 is performed:

FIG. 5 is a schematic drawing in a step subsequent to FIG. 4, and FIG. 6 is a schematic drawing in a step
subsequent to FIG. 5.      FIGS. 7 and 8 are schematic drawings illustrating steps for forming a
semiconductor structure provided by the present invention, wherein FIG. 8 is a schematic drawing in a
step subsequent to FIG. 7. Detailed Description Please refer to FIGS. 2-6, wherein FIG.2 is a flowchart of
a method for forming  semiconductor layout patterns provided by a preferred embodiment of the present
invention, and FIGS. 3-6 are schematic drawings illustrating the method for forming the semiconductor
layout patterns provided by the preferred embodiment. As shown in FIG. 2, a Step 10 is performed: STEP
10: providing a pair of first diffusion layout patterns 200, a pair of second diffusion layout patterns 210,
and a pair of gate layout patterns 220.     As shown in FIG. 3, a pair of the first layout patterns such as a
pair of first diffusion layout patterns 200 is provided. And the first diffusion layout patterns 200 are
symmetrical along an axial line A, thus a first side 200a proximal to the axial line A and a second side
200b far from the axial line A are defined in each of the first diffusion layout patterns 200. The preferred
embodiment also provides a pair of second layout patterns such as a pair of second diffusion layout
patterns 210. The second diffusion layout patterns 210 are also symmetrical along the axial line A and
thus a first side 210a proximal to the axial line A and a second side 210b far from the axial line A are also
defined in each of the second diffusion layout patterns 210. More important, the second diffusion layout
patterns 210 are parallel with the first diffusion layout patterns 200 while the first diffusion layout patterns
200 are positioned in between the pair of second diffusion layout patterns 210 as shown in FIG. 3. The
preferred embodiment further provides a pair of third layout patterns such as a pair of gate layout patterns
220. The gate layout patterns 220 are also symmetrical along the axial line A, but the gate layout patterns
220 are perpendicular to the first diffusion layout patterns 200 and the second diffusion layout patterns
210. Accordingly, each of the gate layout patterns 220 overlaps a portion of the first diffusion layout
pattern 200 and a portion of the second diffusion layout pattern 210 on the same side of the axial line A. It
is noteworthy that on the same side of the axial line A, each gate layout pattern 220 includes a portion
extending beyond the first diffusion layout pattern 200 and such portion of the gate layout pattern 220 is
referred to as an end cap portion. In other words, each of the gate layout patterns 220 include a first end
cap portion 222 defined between the first diffusion layout pattern 200 and the axial line A as show in FIG.
3. Furthermore, an expected channel length Li is defined as shown in FIG. 3. 
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STEP 20: Increasing the first end cap portions 222 to form second end cap portions 

224.

As shown in FIG. 4, each of the first end cap portions 222 are increased along a 

direction D1 toward the axial line A, thus second end cap portions 224 larger than the 

first end cap portions 222 are obtained as shown in FIG. 4.  It is noteworthy that Step 

20 can be performed by an optical proximity correction (OPC).  Please note that the 

dotted line B shows original edges of the first end cap portions 222 for emphasizing 

the differences between the second end cap portions 224 shown in FIG. 4 and the first 

end cap portions 212 shown in FIG. 3.  

Please refer to FIGS. 2 and 5.  After obtaining the second end cap portions 224, 

a step 30 is performed:

STEP 30: Shifting a portion of the first diffusion layout patterns 200 to form a first 

shifted portion 202.

As shown in FIG. 5, another OPC is performed to shift a portion of the first 

diffusion layout patterns 200 to form a first shifted portion 202 in each first diffusion 

layout pattern 200.  It is noteworthy that the portions of the first diffusion layout 

patterns 200 are shifted along a direction D2 opposite to the axial line A.  The first 

shifted portions 202 are formed corresponding to the gate layout patterns 220, 

respectively.  More important, a width W1 of the first shifted portions 202 is larger than 

the channel length L1.  As shown in FIG. 5, each of the first shifted portions 202

includes a first recessed region 202a and a first bulged region 202b.  In this preferred 

embodiment, a depth d1 of the first recessed region 202a and a height H1 of the first 

bulged region 202b are identical to each other.  However, the depth d1 of the first 

recessed region 202a and the height H1 of the first bulged region 202b can be different 

if required.  Accordingly, the second end cap portion 224 is further enlarged to form a 

third end cap portion 226 after forming the first shifted portions 202.  

Additionally, the first shifted portions 202 can include only the bulged region 202b 

or only the recessed region 202a if required.  

Please refer to FIGS. 2 and 4. Next, a step 20 is performed:  STEP 20: Increasing the first end cap
portions 222 to form second end cap portions 224.     As shown in FIG. 4, each of the first end cap
portions 222 are increased along a direction D1 toward the axial line A, thus second end cap portions 224
larger than the first end cap portions 222 are obtained as shown in FIG. 4. It is noteworthy that Step 20
can be performed by an optical proximity correction (OPC). Please note that the dotted line B shows
original edges of the first end cap portions 222 for emphasizing the differences between the second end
cap portions 224 shown in FIG. 4 and the first end cap portions 212 shown in FIG. 3.     Please refer to
FIGS. 2 and 5. After obtaining the second end cap portions 224, a step 30 is performed: STEP 30:
Shifting a portion of the first diffusion layout patterns 200 to form a first shifted portion 202.     As shown in
FIG. 5, another OPC is performed to shift a portion of the first diffusion layout patterns 200 to form a first
shifted portion 202 in each first diffusion layout pattern 200. It is noteworthy that the portions of the first
diffusion layout patterns 200 are shifted along a direction D2 opposite to the axial line A. The first shifted
portions 202 are formed corresponding to the gate layout patterns 220, respectively. More important, a
width W1 of the first shifted portions 202 is larger than the channel length Li. As shown in FIG. 5, each of
the first shifted portions 202 includes a first recessed region 202a and a first bulged region 202b. In this
preferred embodiment, a depth d1 of the first recessed region 202a and a height H1 of the first bulged
region 202b are identical to each other. However, the depth d1 of the first recessed region 202a and the
height H1 of the first bulged region 202b can be different if required. Accordingly, the second end cap
portion 224 is further enlarged to form a third end cap portion 226 after forming the first shifted portions
202.     Additionally, the first shifted portions 202 can include only the bulged region 202b or only the
recessed region 202a if required.  
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Please still refer to FIG. 5.  Selectively, the OPC simultaneously shifts a portion 

of the second diffusion layout patterns 210 to form a second shifted portion 212 in 

each second diffusion layout pattern 210.  In the same concept, the portions of the 

second diffusion layout patterns 210 are shifted along the direction D2 opposite to the 

axial line A.  The second shifted portions 212 are formed corresponding to the gate 

layout patterns 220 and to the first shifted portions 202.  A width W2 of the second

shifted portions 212 is larger than the channel length L1.  The width W2 of the second 

shifted portions 212 can even be larger than the width W1 of the first shifted portions 

202, if required.  As shown in FIG. 5, each of the second shifted portions 212 in the 

second layout patterns 210 includes a second recessed region 212a and a second 

bulged region 212b.  A depth d2 of the second recessed region 212a and a height H2

of the second bulged region 212b are identical to each other.  However, the depth d2

and the height H2 can be different if required.  Additionally, the depth d2 of the second 

recessed region 212a and the height H2 of the second bulged region 212b can be the 

same with or different from the depth d1 of the first recessed region 202a and the 

height H1 of the first bulged region 202b.  In the same concept, the second shifted 

portions 212 can include only the bulged region 212b or only the recessed region 

212a if required.  

Please refer to FIGS. 2 and 6.  After forming the first shifted portions 202 and 

selectively forming the second shifted portions 212, a step 32 is selectively performed:

STEP 32: Shifting a portion of the first shifted portions 202 to form a third shifted 

portion 204.  

As shown in FIG. 6, the step 32 can be performed by another OPC:  The OPC is 

performed to shift a portion of the first shifted portions 202 to form a third shifted 

portion 204 in each first shifted portion 202.  It is noteworthy that the portions of the 

first diffusion layout patterns 202 are shifted along the direction D2 opposite to the 

axial line A.  More important, a width W3 of the third shifted portions 204 is equal to or 

larger than the expected channel length L1 but smaller than the first width W1 of the 

first shifted portions 202.  As shown in FIG. 6, each of the third shifted portions 204 

includes a third recessed region 204a and a third bulged region 204b. However, the 

third shifted portions 204 can include only the bulged region 204b or only the recessed 

Please still refer to FIG. 5. Selectively, the OPC simultaneously shifts a portion of the second diffusion
layout patterns 210 to form a second shifted portion 212 in each second diffusion layout pattern 210. In
the same concept, the portions of the second diffusion layout patterns 210 are shifted along the direction
D2 opposite to the axial line A. The second shifted portions 212 are formed corresponding to the gate
layout patterns 220 and to the first shifted portions 202. A width W2 of the second shifted portions 212 is
larger than the channel length Li. The width W2 of the second shifted portions 212 can even be larger
than the width Wi of the first shifted portions 202, if required. As shown in FIG. 5, each of the second
shifted portions 212 in the second layout patterns 210 includes a second recessed region 212a and a
second bulged region 212b. A depth d2 of the second recessed region 212a and a height H2 of the
second bulged region 212b are identical to each other. However, the depth d2 and the height H2 can be
different if required. Additionally, the depth d2 of the second recessed region 212a and the height H2 of
the second bulged region 212b can be the same with or different from the depth di of the first recessed
region 202a and the height Hi of the first bulged region 202b. In the same concept, the second shifted
portions 212 can include only the bulged region 212b or only the recessed region 212a if required.
Please refer to FIGS. 2 and 6. After forming the first shifted portions 202 and selectively forming the
second shifted portions 212, a step 32 is selectively performed: STEP 32: Shifting a portion of the first
shifted portions 202 to form a third shifted portion 204.     As shown in FIG. 6, the step 32 can be
performed by another OPC: The OPC is performed to shift a portion of the first shifted portions 202 to
form a third shifted portion 204 in each first shifted portion 202. It is noteworthy that the portions of the
first diffusion layout patterns 202 are shifted along the direction D2 opposite to the axial line A. More
important, a width W3 of the third shifted portions 204 is equal to or larger than the expected channel
length L1 but smaller than the first width Wi of the first shifted portions 202. As shown in FIG. 6, each of
the third shifted portions 204 includes a third recessed region 204a and a third bulged region 204b.
However, the third shifted portions 204 can include only the bulged region 204b or only the recessed
region 204a if required. In the preferred embodiment, the third recessed region 204a is formed in a
bottom of the first recessed region 202a, and the third bulged region 204b is formed on a top of the first
bulged region 202b. A depth d3 of the third recessed region 204a and a height H3 of the third bulged
region 204b are identical to each other. However, the depth d3 and the height H3 can be different from
each other if required. Furthermore, the depth d3 of the third recessed region 204a and the height H3 of
the third bulged region 204b can be different from the depth di of the first recessed region 202a and the
height Hi of the first bulged region 202b. More important, the third end cap portion 226 is further enlarged
to form a fourth end cap portion 228 after forming the third shifted regions 204. Additionally, the first
shifted portions 202 and the third shifted portions 204 form first step-liked portions 206 at the first side
200a and the second side 200b of the first layout patterns 200. The step-liked portions 206 are
emphasized by Circle 206 in FIG. 6.     Selectively, the OPC can simultaneously shift a portion of the
second shifted portions 212 to form other shifted portions as mentioned above, and those details are
omitted for simplicity.     It is noteworthy that Step 32 can be repeated any number of time as required.
Furthermore, it is conceivable that the more times the Step 32 being performed, the larger the end cap
portions resulted. Furthermore, the gate layout patterns 220 overlap the first shifted portions 202, the
second shifted portions 212, and the third shifted portions 204. In other words, the gate layout patterns
220 overlap all the shifted portions obtained by performing the above mentioned in Steps 30-32. Please
refer to FIG. 2. Then, a step 40 is performed: 
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region 204a if required.  In the preferred embodiment, the third recessed region 204a 

is formed in a bottom of the first recessed region 202a, and the third bulged region 

204b is formed on a top of the first bulged region 202b. A depth d3 of the third 

recessed region 204a and a height H3 of the third bulged region 204b are identical to 

each other.  However, the depth d3 and the height H3 can be different from each other 

if required.  Furthermore, the depth d3 of the third recessed region 204a and the 

height H3 of the third bulged region 204b can be different from the depth d1 of the first 

recessed region 202a and the height H1 of the first bulged region 202b.  More 

important, the third end cap portion 226 is further enlarged to form a fourth end cap 

portion 228 after forming the third shifted regions 204.  Additionally, the first shifted 

portions 202 and the third shifted portions 204 form first step-liked portions 206 at the 

first side 200a and the second side 200b of the first layout patterns 200.  The 

step-liked portions 206 are emphasized by Circle 206 in FIG. 6.  

Selectively, the OPC can simultaneously shift a portion of the second shifted 

portions 212 to form other shifted portions as mentioned above, and those details are 

omitted for simplicity.   

It is noteworthy that Step 32 can be repeated any number of time as required.  

Furthermore, it is conceivable that the more times the Step 32 being performed, the 

larger the end cap portions resulted.  Furthermore, the gate layout patterns 220 

overlap the first shifted portions 202, the second shifted portions 212, and the third 

shifted portions 204.  In other words, the gate layout patterns 220 overlap all the 

shifted portions obtained by performing the above mentioned in Steps 30-32.  

Please refer to FIG. 2.  Then, a step 40 is performed:

STEP 40: Outputting the first diffusion layout patterns 200 and the second diffusion 

layout patterns 210 on a first mask and outputting the gate layout pattern 

220 on a second mask.

It is noteworthy that after outputting the first diffusion layout patterns 200 and the 

second diffusion layout patterns 210 on the first mask and outputting the gate layout 

pattern 220 on second mask, different processes for forming a the semiconductor 

STEP 40: Outputting the first diffusion layout patterns 200 and the second diffusion layout patterns 210 on
a first mask and outputting the gate layout pattern 220 on a second mask.     It is noteworthy that after
outputting the first diffusion layout patterns 200 and the second diffusion layout patterns 210 on the first
mask and outputting the gate layout pattern 220 on second mask, different processes for forming a the
semiconductor  structure are performed. Please refer to FIGS. 7-8, which are schematic drawings
illustrating steps for forming a semiconductor structure provided by the present invention. For example, a
patterned mask (not shown) including the first diffusion layout patterns 200 (including the first shifted
portions 202, the third shifted portions 204, and any other shifted portions if required) and the second
diffusion layout patterns 210 (including the second shifted portions 212 and any other shifted portions if
required) is transferred to the substrate 300 to form a pair of first diffusions 302 and a pair of second
diffusions 304 by lithography. Specifically, the patterned mask can be transferred to the substrate 300 and
expose areas excluding the first diffusion layout patterns 200 and the second diffusion layout patterns
210. Then the exposed areas are replaced by an insulator such as shallow trench isolation (STI) (not
shown). Thus a pair of first active regions 302 and a pair of second active regions 304 are formed in the
substrate 300 through the aforementioned patterned mask.     As shown in FIG. 7, the first diffusions 302
(or the first active regions) are symmetrical along an axial line B, and each of the first diffusions 302
further includes a plurality of first straight-lined portions 302a and at least a first curved portion 302b
formed in between the first straight-lined portions 302a. The first straight-lined portions 302a and the first
curved portions 302b are corresponding to the first diffusion layout patterns 200, but have smooth profiles
because when transferring the first diffusion layout patterns 200 into the mask layer to form the patterned
mask, squared corners are always rounded due to optical effect. Furthermore, it is conceivable the more
shifted portions the first diffusion layout patterns 200 have, the smoother and more rounded the first
curved portions 302b are. Also, the second diffusions 304 (or the second active regions) are symmetrical
along an axial line B, and the first diffusions 302 are positioned in between the pair of second diffusions
304. Each of the second diffusions 304 further includes a plurality of second straight-lined portions 304a
and at least a second curved portion 304b formed in between the second straight-lined portions 304a. In
the same concept, the second straight-lined portions 304a and second curved portion 304b are
corresponding to the second diffusion layout patterns 210, but have the smooth profiles.      Please refer
to FIG. 8. After forming the first diffusions 302 and the second diffusions 304, a conductive layer such as
a polysilicon layer (not shown) and a hard  mask layer (not shown) are sequentially formed on the
substrate 300. Next, the gate layout patterns 220 are transferred to the hard mask layer to form a pattern
hard mask and followed by performing a suitable etching process to further transfer the gate layout
patterns to the polysilicon layer. Consequently, a pair of gate layers 310 being symmetrical along the axial
line B and perpendicular to the first diffusions 302 and the second diffusions 304 are obtained.
Furthermore, the gate layers 310 overlap the first curved portions 302b and the second curved portions
304b, respectively. As mentioned above, during transferring the gate layout patterns 220 to the hard mask
layer, end shortening and rounding always occur due to optical effects. Therefore, the resulted gate layers
310 also obtain a smooth profile as shown in FIG. 8.     As shown in FIG. 8, portions of the gate layers
310 that extending beyond the first curved portion 302a are defined as end cap portions 312. It is
noteworthy that by increasing the end cap portions in the gate layout pattern 220 and by forming the
shifted portions 202/204 in the first diffusion layout patterns 200, the end cap portion is enlarged and thus
the end shortening problem is compensated. In other words, the end shortening issue renders no impact
to the final end cap portions 312. More important, the channel length L2 as shown in FIG. 8 is equal to the
expected channel length Li, thus the channel length loss is also eliminated. 
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structure are performed.  Please refer to FIGS. 7-8, which are schematic drawings 

illustrating steps for forming a semiconductor structure provided by the present 

invention.  For example, a patterned mask (not shown) including the first diffusion 

layout patterns 200 (including the first shifted portions 202, the third shifted portions 

204, and any other shifted portions if required) and the second diffusion layout 

patterns 210 (including the second shifted portions 212 and any other shifted portions 

if required) is transferred to the substrate 300 to form a pair of first diffusions 302 and 

a pair of second diffusions 304 by lithography.  Specifically, the patterned mask can 

be transferred to the substrate 300 and expose areas excluding the first diffusion 

layout patterns 200 and the second diffusion layout patterns 210. Then the exposed 

areas are replaced by an insulator such as shallow trench isolation (STI) (not shown).  

Thus a pair of first active regions 302 and a pair of second active regions 304 are 

formed in the substrate 300 through the aforementioned patterned mask.

As shown in FIG. 7, the first diffusions 302 (or the first active regions) are 

symmetrical along an axial line B, and each of the first diffusions 302 further includes a 

plurality of first straight-lined portions 302a and at least a first curved portion 302b 

formed in between the first straight-lined portions 302a.  The first straight-lined 

portions 302a and the first curved portions 302b are corresponding to the first diffusion 

layout patterns 200, but have smooth profiles because when transferring the first 

diffusion layout patterns 200 into the mask layer to form the patterned mask, squared 

corners are always rounded due to optical effect.  Furthermore, it is conceivable the 

more shifted portions the first diffusion layout patterns 200 have, the smoother and 

more rounded the first curved portions 302b are.  Also, the second diffusions 304 (or 

the second active regions) are symmetrical along an axial line B, and the first 

diffusions 302 are positioned in between the pair of second diffusions 304.  Each of 

the second diffusions 304 further includes a plurality of second straight-lined portions 

304a and at least a second curved portion 304b formed in between the second 

straight-lined portions 304a.  In the same concept, the second straight-lined portions 

304a and second curved portion 304b are corresponding to the second diffusion 

layout patterns 210, but have the smooth profiles.  

Please refer to FIG. 8.  After forming the first diffusions 302 and the second 

diffusions 304, a conductive layer such as a polysilicon layer (not shown) and a hard 

According to the method for forming semiconductor layout patterns, the semiconductor layout patterns
and the semiconductor structure provided by the present invention, the first layout patterns for forming the
diffusion include the first shifted portion obtained by the method, such that the second layout patterns for
forming the gate layer obtain a larger end cap portions. Accordingly, the process window is improved and
the end shorting and rounding effects no longer impact the devices. Those skilled in the art will readily
observe that numerous modifications and alterations of the device and method may be made while
retaining the teachings of the invention. Accordingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended dams.  Claims What is claimed is:      1. A method for
forming semiconductor layout patterns, comprising: providing a pair of first layout patterns being
symmetrical along an axial line, each of the first layout patterns comprising a first side proximal to the
axial line and a second side far from to the axial line; shifting a portion of the first layout patterns toward a
direction opposite to the axial line to form at least a first shifted portion in each first layout pattern; and
outputting the first layout patterns and the first shifted portions on a first mask.      2. The method for
forming semiconductor layout patterns according to claim 1, wherein the first shifted portion comprises a
first recessed region and a first bulged region. 
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mask layer (not shown) are sequentially formed on the substrate 300.  Next, the gate 

layout patterns 220 are transferred to the hard mask layer to form a pattern hard mask 

and followed by performing a suitable etching process to further transfer the gate 

layout patterns to the polysilicon layer.  Consequently, a pair of gate layers 310 being 

symmetrical along the axial line B and perpendicular to the first diffusions 302 and the 

second diffusions 304 are obtained.  Furthermore, the gate layers 310 overlap the 

first curved portions 302b and the second curved portions 304b, respectively.  As 

mentioned above, during transferring the gate layout patterns 220 to the hard mask 

layer, end shortening and rounding always occur due to optical effects.  Therefore, 

the resulted gate layers 310 also obtain a smooth profile as shown in FIG. 8.  

As shown in FIG. 8, portions of the gate layers 310 that extending beyond the first 

curved portion 302a are defined as end cap portions 312.  It is noteworthy that by 

increasing the end cap portions in the gate layout pattern 220 and by forming the 

shifted portions 202/204 in the first diffusion layout patterns 200, the end cap portion is 

enlarged and thus the end shortening problem is compensated.  In other words, the 

end shortening issue renders no impact to the final end cap portions 312.  More 

important, the channel length L2 as shown in FIG. 8 is equal to the expected channel 

length L1, thus the channel length loss is also eliminated.  

According to the method for forming semiconductor layout patterns, the 

semiconductor layout patterns and the semiconductor structure provided by the 

present invention, the first layout patterns for forming the diffusion include the first 

shifted portion obtained by the method, such that the second layout patterns for 

forming the gate layer obtain a larger end cap portions.  Accordingly, the process 

window is improved and the end shorting and rounding effects no longer impact the 

devices.

Those skilled in the art will readily observe that numerous modifications and 

alterations of the device and method may be made while retaining the teachings of the 

invention. Accordingly, the above disclosure should be construed as limited only by 

the metes and bounds of the appended claims.

3. The method for forming semiconductor layout patterns according to claim 2, wherein a depth of the first
recessed region and a height of the first bulged region are identical to each other.      4. The method for
forming semiconductor layout patterns according to claim 1, further comprising shifting a portion of the
first shifted region to form a second shifted region in each first shifted region.      5. The method for
forming semiconductor layout patterns according to claim 4, wherein the second shifted portion comprises
a second recessed region and a second bulged region, and a depth of the second recessed region and a
height of the second bulged region are identical to each other.      6. The method for forming
semiconductor layout patterns according to claim 4, wherein the first shifted portion and the second
shifted portion form a step-liked portion at the first side and the second side of the first layout patterns.
7. The method for forming semiconductor layout patterns according to claim 1, further comprising a pair of
second layout patterns being symmetrical along the axial  line, and the first layout patterns being
positioned in between the second layout patterns.      8. The method for forming semiconductor layout
patterns according to claim 7, further comprising shifting a portion of the second layout pattern to form a
third shifted portion in each second layout pattern, and the third shifted portions are corresponding to the
first shifted portions.      9. The method for forming semiconductor layout patterns according to claim 7,
further comprising outputting the second layout pattern to the first mask. 
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Claims

What is claimed is:

1. A method for forming semiconductor layout patterns, comprising:

providing a pair of first layout patterns being symmetrical along an axial line, each 

of the first layout patterns comprising a first side proximal to the axial line and 

a second side far from to the axial line;

shifting a portion of the first layout patterns toward a direction opposite to the axial 

line to form at least a first shifted portion in each first layout pattern; and 

outputting the first layout patterns and the first shifted portions on a first mask.  

2. The method for forming semiconductor layout patterns according to claim 1, 

wherein the first shifted portion comprises a first recessed region and a first bulged 

region.  

3. The method for forming semiconductor layout patterns according to claim 2, 

wherein a depth of the first recessed region and a height of the first bulged region are 

identical to each other. 

4. The method for forming semiconductor layout patterns according to claim 1, 

further comprising shifting a portion of the first shifted region to form a second shifted

region in each first shifted region. 

5. The method for forming semiconductor layout patterns according to claim 4, 

wherein the second shifted portion comprises a second recessed region and a second 

bulged region, and a depth of the second recessed region and a height of the second 

bulged region are identical to each other. 

6. The method for forming semiconductor layout patterns according to claim 4, 

wherein the first shifted portion and the second shifted portion form a step-liked

portion at the first side and the second side of the first layout patterns.  

7. The method for forming semiconductor layout patterns according to claim 1, 

further comprising a pair of second layout patterns being symmetrical along the axial 

10. The method for forming semiconductor layout patterns according to claim 1, further comprising a pair
of third layout patterns being symmetrical along the axial line and perpendicular to the first layout
patterns, and a portion of the third layout pattern overlaps the first shifted portion.      11. The method for
forming semiconductor layout patterns according to claim 10, wherein the third layout pattern comprises
an end cap portion defined between the first layout pattern and the axial line.      12. The method for
forming semiconductor layout patterns according to claim 11, further comprising increasing the end cap
portion along a direction toward the axial line before shifting the first layout patterns.      13. The method
for forming semiconductor layout patterns according to claim 10, further comprising outputting the third
layout pattern to a second mask.      14. Semiconductor layout patterns comprising: a pair of first layout
patterns being symmetrical along an axial line, each of the first layout patterns comprising a first side
proximal to the axial line and a second side far from the axial line, and each of the first layout patterns
further comprising: a first recessed region formed on the first side; and a first bulged region formed on the
second side; and  
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line, and the first layout patterns being positioned in between the second layout 

patterns.  

8. The method for forming semiconductor layout patterns according to claim 7, 

further comprising shifting a portion of the second layout pattern to form a third shifted 

portion in each second layout pattern, and the third shifted portions are corresponding 

to the first shifted portions.

9. The method for forming semiconductor layout patterns according to claim 7, 

further comprising outputting the second layout pattern to the first mask.

10. The method for forming semiconductor layout patterns according to claim 1, 

further comprising a pair of third layout patterns being symmetrical along the axial line 

and perpendicular to the first layout patterns, and a portion of the third layout pattern 

overlaps the first shifted portion.

11. The method for forming semiconductor layout patterns according to claim 10, 

wherein the third layout pattern comprises an end cap portion defined between the 

first layout pattern and the axial line.

12. The method for forming semiconductor layout patterns according to claim 11, 

further comprising increasing the end cap portion along a direction toward the axial 

line before shifting the first layout patterns. 

13. The method for forming semiconductor layout patterns according to claim 10, 

further comprising outputting the third layout pattern to a second mask.  

14. Semiconductor layout patterns comprising:

a pair of first layout patterns being symmetrical along an axial line, each of the 

first layout patterns comprising a first side proximal to the axial line and a 

second side far from the axial line, and each of the first layout patterns 

further comprising:

a first recessed region formed on the first side; and 

a first bulged region formed on the second side; and 

a pair of second layout patterns being symmetrical along the axial line and perpendicular to the first layout
patterns, the second layout pattern overlapping the first recessed region and the first bulged region.
15. The semiconductor layout patterns according to claim 14, wherein a depth of the first recessed region
and a height of the first bulged region are identical to each other.      16. The semiconductor layout
patterns according to claim 14, wherein each of the first layout patterns further comprises second
recessed region and a second bulged region, and a depth of the second recessed region and a height of
the second bulged region are identical to each other.      17. The semiconductor layout patterns according
to claim 16, wherein the first recessed region and the second recessed region form a first step-liked
portion at the first side of the first layout pattern, and the first bulged region and the second bulged region
form a second step-liked portion at the second side of the first layout pattern.      18. The semiconductor
layout patterns according to claim 14, further comprising a pair of third layout patterns being symmetrical
along the axial line, and the first layout patterns being positioned in between the third layout patterns.
19. The semiconductor layout patterns according to claim 18, wherein each of the third layout patterns
further comprises at least a third recessed region and at least a third bulged region, and a depth of the
third recessed region and a height of the third bulged region are identical to each other.      20. A
semiconductor structure comprising: a pair of first diffusions being symmetrical along an axial line, each of
the first diffusions comprising: a plurality of first straight-lined portions; and 
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a pair of second layout patterns being symmetrical along the axial line and 

perpendicular to the first layout patterns, the second layout pattern 

overlapping the first recessed region and the first bulged region.

15. The semiconductor layout patterns according to claim 14, wherein a depth of 

the first recessed region and a height of the first bulged region are identical to each 

other.

16. The semiconductor layout patterns according to claim 14, wherein each of the 

first layout patterns further comprises second recessed region and a second bulged 

region, and a depth of the second recessed region and a height of the second bulged 

region are identical to each other.

17. The semiconductor layout patterns according to claim 16, wherein the first

recessed region and the second recessed region form a first step-liked portion at the 

first side of the first layout pattern, and the first bulged region and the second bulged 

region form a second step-liked portion at the second side of the first layout pattern.  

18. The semiconductor layout patterns according to claim 14, further comprising a 

pair of third layout patterns being symmetrical along the axial line, and the first layout 

patterns being positioned in between the third layout patterns.

19. The semiconductor layout patterns according to claim 18, wherein each of the 

third layout patterns further comprises at least a third recessed region and at least a 

third bulged region, and a depth of the third recessed region and a height of the third 

bulged region are identical to each other.

20. A semiconductor structure comprising:

a pair of first diffusions being symmetrical along an axial line, each of the first 

diffusions comprising:

a plurality of first straight-lined portions; and 

at least a first curved portion formed in between the first straight-lined 

portions; and 

a pair of gate layers being symmetrical along the axial line and perpendicular to 

at least a first curved portion formed in between the first straight-lined portions; and a pair of gate layers
being symmetrical along the axial line and perpendicular to  the first diffusions, the gate layers
overlapping the first curved portions, respectively.      21. The semiconductor structure according to claim
20, further comprising a pair of second diffusions being symmetrical along the axial line, and the first
diffusions being positioned in between the second diffusions.      22. The semiconductor structure
according to claim 21, wherein each of the second diffusions comprises a plurality of second straight-lined
portions and at least a second curved portion formed in between the second straight-lined portions.      23.
The semiconductor structure according to claim 22, wherein the gate layer covers the second curved
portions. 
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the first diffusions, the gate layers overlapping the first curved portions, 

respectively.

21. The semiconductor structure according to claim 20, further comprising a pair 

of second diffusions being symmetrical along the axial line, and the first diffusions 

being positioned in between the second diffusions.

22. The semiconductor structure according to claim 21, wherein each of the 

second diffusions comprises a plurality of second straight-lined portions and at least a 

second curved portion formed in between the second straight-lined portions.  

23. The semiconductor structure according to claim 22, wherein the gate layer 

covers the second curved portions.


