SEMICONDUCTOR LAYOUT STRUCTURE AND SEMICONDUCTOR
TEST STRUCTURE

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] This application claims priority to Chinese Patent Application No.
202210382204.0, filed on April 12, 2022 and entitled “SEMICONDUCTOR LAYOUT
STRUCTURE AND SEMICONDUCTOR TEST STRUCTURE”, the contents of which

are incorporated herein by reference in its entirety.

TECHNICAL FIELD

[ 0002] The embodiments of the disclosure relate to the field of semiconductors, in

particular to a semiconductor layout structure and a semiconductor test structure.

BACKGROUND

[ 0003] In a semiconductor manufacturing process, in order to effectively monitor the
problems in the semiconductor manufacturing process and the performance of the
manufactured transistor to facilitate adjustment and optimization of the manufacturing
process, an electrical test structure is generally manufactured in a semiconductor
structure. After the semiconductor structure is manufactured, an electrical test is
performed on the electrical test structure in the semiconductor structure, so that the
reliability of the semiconductor manufacturing process and the stability of the transistor
in the semiconductor structure are evaluated through the resistance or compatibility of

the electrical test structure.

[ 0004] However, at present, there is a problem that the parasitic leakage of the

transistor is relatively large after the semiconductor test structure is manufactured.



SUMMARY

[ 0005] An embodiment of the disclosure provides a semiconductor layout structure,
which includes: a plurality of active layers, in which each of the plurality of active layers
includes a first active area and a second active area arranged adjacent to the first active
area, the first active area includes a plurality of first transistor areas spaced apart from
each other, the second active area includes a plurality of second transistor areas spaced
apart from each other, and the plurality of active layers corresponding to the plurality of
first transistor areas adjacent to each other are separated from each other; and a plurality
of gate layers, in which each of the plurality of gate layers is arranged above a respective
one of the plurality of active layers, and includes at least one first gate structure
extending along a first direction, and a plurality of second gate structures spaced apart
from each other in the first direction, and in which the at least one first gate structure and
the plurality of second gate structures are arranged adjacent to each other, the at least one
first gate structure corresponds to the plurality of first transistor areas, and each of the
plurality of second gate structures corresponds to a respective one of the plurality of

second transistor areas.

[ 0006] In some embodiments, the layout structure further includes a plurality of metal
layers. A portion of the plurality of metal layers corresponds to the plurality of first
transistor areas, and another portion of the plurality of metal layers corresponds to the
plurality of second transistor areas. The portion of the plurality of metal layers arranged
above the plurality of first transistor areas is separated from the other portion of the

plurality of metal layers arranged above the plurality of second transistor areas.

[ 0007] In some embodiments, each of the plurality of first transistor areas includes a
first doped area and a second doped area. The first doped area is arranged on a side of
each of the plurality of first transistor areas away from the plurality of second transistor
areas, and is configured as one of a source area and a drain area of each of the plurality of
first transistor areas. The second doped area is arranged between a respective one of the
plurality of first transistor areas and a respective one of the plurality of second transistor

areas, and is configured as the other one of the source area and the drain area of each of



the plurality of first transistor areas.

[ 0008] In some embodiments, each of the plurality of metal layers corresponding to
the first doped area is separated from each of the plurality of metal layers corresponding
to the second doped area, and the plurality of metal layers corresponding to any two

adjacent first doped areas are separated from each other.

[ 0009] In some embodiments, the other portion of the plurality of metal layers
corresponding to the plurality of second transistor areas is arranged above the plurality of

second gate structures.

[0010] In some embodiments, the plurality of metal layers arranged above the

plurality of second gate structures adjacent to each other are separated from each other.

[0011] In some embodiments, each of the plurality of second transistor areas includes
a third doped area. The third doped area is arranged between two adjacent second gate
structures of the plurality of second gate structures, and is configured as one of a source
area and a drain area of each of the plurality of second transistor areas. The second doped
area is configured as the other one of the source area and the drain area of each of the
plurality of second transistor areas. The other portion of the plurality of metal layers
corresponding to the plurality of second transistor areas is further arranged above the
third doped area, and each of the plurality of metal layers corresponding to a respective
one of the plurality of second gate structures is separated from each of the plurality of

metal layers corresponding to the third doped area.

[ 0012] According to some embodiments of the disclosure, the other aspect of the
embodiments of the disclosure further provides a semiconductor test structure, which
includes: a plurality of first active areas, and a plurality of second active areas arranged
adjacent to the plurality of first active areas, in which each of the plurality of first active
areas is provided with a plurality of first transistors spaced apart from each other, each of
the plurality of second active area is provided with a plurality of second transistors
spaced apart from each other, and the plurality of first active areas corresponding to the
plurality of first transistors adjacent to each other are separated from each other; and a

first gate structure and a plurality of second gate structures, in which the first gate



structure extends along a first direction, the plurality of second gate structures are spaced
apart from each other in the first direction, the first gate structure and the plurality of
second gate structures are arranged adjacent to each other, the first gate structure
corresponds to the plurality of first transistors, and each of the plurality of second gate

structures corresponds to a respective one of the plurality of second transistors.

[ 0013] In some embodiments, the semiconductor test structure further includes a
plurality of metal layers. A portion of the plurality of metal layers is electrically
connected to the plurality of first transistors, and another portion of the plurality of metal
layers is electrically connected to the plurality of second transistors. The portion of the
plurality of metal layers electrically connected to the plurality of first transistors is
separated from the other portion of the plurality of metal layers electrically connected to

the plurality of second transistors.

[ 0014] In some embodiments, each of the plurality of first transistor includes a first
doped area and a second doped area. The first doped area is arranged on a side of each of
the plurality of first transistors away from the plurality of second transistors, and is
configured as one of a source and a drain of each of the plurality of first transistors. The
second doped area is arranged between a respective one of the plurality of first transistors
and a respective one of the plurality of second transistors, and is configured as the other
one of the source and the drain of each of the plurality of first transistors. The portion of
the plurality of metal layers corresponding to the plurality of first transistors is

electrically connected to the first doped area and the second doped area respectively.

[ 0015] In some embodiments, each of the plurality of metal layers corresponding to
the first doped area is separated from each of the plurality of metal layers corresponding
to the second doped area, and the plurality of metal layers corresponding to any two

adjacent first doped areas are separated from each other.

[ 0016] In some embodiments, the other portion of the plurality of metal layers
corresponding to the plurality of second transistors is electrically connected to the

plurality of second gate structures.

[0017] In some embodiments, the plurality of metal layers corresponding to the



plurality of second gate structures adjacent to each other are separated from each other.

[0018] In some embodiments, each of the plurality of second transistors includes a
third doped area. The third doped area is arranged between two adjacent second gate
structures of the plurality of second gate structures, and is configured as one of a source
and a drain of each of the plurality of second transistors. The second doped area is
configured as the other one of the source and the drain of each of the plurality of second
transistors. The other portion of the plurality of metal layers corresponding to the
plurality of second transistors is further electrically connected to the third doped area,
and each of the plurality of metal layers corresponding to a respective one of the plurality
of second gate structures is separated from each of the plurality of metal layers

corresponding to the third doped area.

[ 0019] In some embodiments, two adjacent second transistors of the plurality of
second transistors form a second transistor group. The second transistor group includes a
third doped area. The third doped area is arranged between two adjacent second gate
structures in the second transistor group, and is configured as a source or a drain of the
two adjacent second transistors in the second transistor group. The plurality of metal
layers corresponding to two second gate structures arranged opposite to each other in two

adjacent second transistor groups are connected to each other.

[ 0020] In the technical solution of the semiconductor layout structure provided by the
embodiments of the disclosure, the first active areas corresponding to the adjacent first
transistor areas are configured to be separated from each other. In this way, after the
semiconductor test structure is manufactured by using the semiconductor layout
structure, the plurality of first transistors in the semiconductor test structure do not share
the same first active area. Therefore, when one of the first transistors is tested, the
coupling effect will not be generated on the adjacent first transistors through the first
active area, so that a leakage phenomenon is prevented from occurring through the active
area, thereby improving the parasitic leakage phenomenon of the semiconductor test

structure.



BRIEF DESCRIPTION OF THE DRAWINGS

[ 0021] One or more embodiments are exemplarily explained through the figures in
accompanying drawings corresponding thereto, these exemplary explanations do not
constitute a limitation to the embodiments. Unless otherwise specifically declared, the
figures in the accompanying drawings do not constitute a limitation of proportion. To
describe the technical solutions in embodiments of the disclosure or in the related art
more clearly, the accompanying drawings required for describing the embodiments are
briefly introduced below. Apparently, the accompanying drawings in the following
description show merely some embodiments of the disclosure, and persons of ordinary
skill in the art can still derive other drawings from these accompanying drawings without

creative efforts.

[ 0022] FIG. 1 is a schematic diagram of a semiconductor layout structure according to

an embodiment of the disclosure;

[ 0023] FIG. 2 is a schematic diagram of an active layer in a semiconductor layout

structure according to an embodiment of the disclosure;

[ 0024] FIG. 3 is a schematic diagram of a semiconductor layout structure according to

an embodiment of the disclosure;

[ 0025] FIG. 4 is a schematic diagram of an active layer in a semiconductor layout

structure according to an embodiment of the disclosure;

[ 0026] FIG. 5 is a schematic diagram of another semiconductor layout structure

according to an embodiment of the disclosure;

[ 0027] FIG. 6 is a schematic diagram of yet another semiconductor layout structure

according to an embodiment of the disclosure;

[ 0028] FIG. 7 is an I-V characteristic curve diagram after an electrical test is

performed on a semiconductor structure; and

[ 0029] FIG. 8 is an [-V characteristic curve diagram after an electrical test is

performed on a semiconductor structure according to an embodiment of the disclosure.



DETAILED DESCRIPTION

[ 0030] It can be known from the background that in the current semiconductor test

structure, there is a problem that the parasitic leakage of the transistor is relatively large.

[0031] FIG. 1 is a schematic diagram of a semiconductor layout structure. FIG. 2 is a
schematic diagram of an active layer in a semiconductor layout structure. With reference
to FIG. 1 and FIG. 2, it is found through analysis that one of the reasons why the parasitic
leakage of the transistor in the semiconductor test structure manufactured by using the
current semiconductor layout structure is relatively large is that the semiconductor test
structure is used for testing the electrical properties of the first transistors and the second
transistors. In the current semiconductor layout structure, a gate layer corresponding to a
plurality of first transistor areas 1 is a continuous first gate structure 2, and the active
areas 3 corresponding to the adjacent first transistor areas 1 are connected to each other.
That is to say, after the semiconductor test structure is manufactured, the plurality of first
transistors share the same gate structure, and the active areas corresponding to the
sources or the drains of the plurality of first transistors are connected to each other. In
addition, the metal layers arranged above the first transistor areas | are connected to the
metal layers arranged above the second transistor areas 4. Therefore, when one of the
first transistors is tested, the coupling effect will be generated on the adjacent devices, so
that the gate voltages of the adjacent devices are increased, thereby increasing the

leakage current.

[ 0032] The embodiments of the disclosure provide a semiconductor layout structure
and a semiconductor test structure. In the semiconductor layout structure, the first active
areas corresponding to the adjacent first transistor areas are configured to be separated
from each other. In this way, after the semiconductor test structure is manufactured on the
basis of the semiconductor layout structure, when one of the first transistors is tested, the
coupling effect will not be generated on the adjacent first transistors through the active

areas, thereby preventing a leakage phenomenon from occurring through the active areas.

[ 0033] Hereinafter, the respective embodiments of the disclosure will be described in



detail with reference to the accompanying drawings. However, those of ordinary skilled
in the art may understand that, in the respective embodiments of the disclosure, numerous
technical details are set forth in order to provide a reader with a better understanding of
the disclosure. However, the technical solutions claimed in the disclosure can also be
implemented without these technical details and various changes and modifications based

on the respective embodiments below.

[ 0034] FIG. 3 is a schematic diagram of a semiconductor layout structure according to
an embodiment of the disclosure. FIG. 4 is a schematic diagram of an active layer in a

semiconductor layout structure according to an embodiment of the disclosure.

[ 0035] With reference to FIG. 3 and FIG. 4, the semiconductor layout structure
includes a plurality of active layers and a plurality of gate layers. Each active layer
includes a first active area 101, and a second active area 102 arranged adjacent to the first
active area 101. The first active area 101 includes a plurality of first transistor areas 10
spaced apart from each other, and the second active area 102 includes a plurality of
second transistor areas 11 spaced apart from each other. The plurality of active layers
corresponding to the first transistor areas 10 adjacent to each other are separated from
each other. Each gate layer is arranged above a respective active layer. Each gate layer
includes at least one first gate structure 103 extending along a first direction X, and a
plurality of second gate structures 104 spaced apart from each other in the first direction
X. The first gate structure 103 and the second gate structures 104 are arranged adjacent to
each other, the first gate structure 103 corresponds to the plurality of first transistor areas
10, and each of the second gate structures 104 corresponds to a respective one of the

second transistor areas 11.

[ 0036] The first active areas 101 corresponding to the adjacent first transistor areas 10
are configured to be separated from each other, so that the adjacent first transistor areas
10 do not share the same first active area 101. In this way, after the semiconductor test
structure is manufactured on the basis of the semiconductor layout structure, when any
one of the plurality of first transistors is tested, the coupling effect will not be generated
on the adjacent first transistors through the first active areas 101, thereby improving the

parasitic leakage phenomenon of the semiconductor test structure.



[ 0037] The first active area 101 and the second active area 102 are arranged adjacent
to each other. That is, the first transistor areas 10 and the second transistor areas 11 are
arranged adjacent to each other, and the first transistor areas 10 and the second transistor
areas 11 are two adjacent columns of transistor areas. One column of the first transistor
areas 10 corresponds to the same first gate structure 103, and each second transistor area
11 in one column of second transistor areas 11 corresponds to a respective one of the
second gate structures 104. It should be noted that, in the embodiments of the disclosure,
the first active area 101 corresponding to one column of first transistors and the second
active area 102 corresponding to one column of second transistors adjacent to the first
transistors are taken as an example. In fact, a substrate further includes a plurality of first

active areas 101 and a plurality of second active areas 102.

[ 0038] In some embodiments, a distance between the first active areas 101
corresponding to the adjacent first transistor areas 10 can be set by designing an
appropriate distance range. On the one hand, it is beneficial to enlarge the process
window for manufacturing the first active areas 101 separated from each other, so as to
reduce the difficulty of the manufacturing process. On the other hand, the distance
between the first active areas 101 corresponding to the adjacent first transistor areas 10 is
not too large, so as to leave a larger space for forming the first active areas 101, so that
the dimension of the active area corresponding to the first transistor areas 10 is not too
small, which allows the first transistors to have a better performance after the
semiconductor test structure is manufactured on the basis of the semiconductor layout

structure.

[ 0039] In some embodiments, the layout structure further includes a plurality of metal
layers 105. Each metal layer 105 corresponds to a respective one of the first transistor
areas 10 or a respective one of the second transistor areas 11. The metal layer 105
arranged above the first transistor area 10 is separated from the metal layer 105 arranged
above the second transistor area 11. On the one hand, the metal layers 105 can provide
the external electrical signals for the first transistor areas 10 and the second transistor
areas 11, and on the other hand, the metal layers are configured to lead out the electrical
signals from the first transistor areas 10 and the second transistor areas 11 to perform the

electrical test. The metal layers 105 arranged above the first transistor areas 10 are



configured to be separated from the metal layers 105 arranged above the second
transistor areas 11. In this way, after the semiconductor test structure is manufactured on
the basis of the semiconductor layout structure, each metal layer 105 electrically
connected to a respective first transistor is separated from each metal layer 105
corresponding to a respective second transistor. Therefore, when any one of the first
transistor and the second transistor is tested, the coupling effect will not be generated on
the other one of the first transistor and second transistor that is not tested through the
metal layers 105. That is, the electrical tests on the first transistors and the second
transistors do not affect each other, thereby improving the parasitic leakage phenomenon
of the semiconductor test structure. Specifically, in some embodiments, a metal contact
layer 12 is further provided between each metal layer and a respective first transistor area
10 and between each metal layer and a respective second transistor area 11. The metal
contact layer 12 corresponds to a metal contact structure. The metal contact structure is
configured to electrically connect the metal layer with the respective first transistor area

10 or the respective second transistor area 11.

[ 0040] With reference to FIG. 4, in some embodiments, each first transistor area 10
includes a first doped area 106 and a second doped area 107. The first doped area 106 is
arranged on a side of each first transistor area 10 away from the second transistor areas
11, and is configured as one of a source area and a drain area of each first transistor area
10. The second doped area 107 is arranged between a respective first transistor area 10
and a respective second transistor area 11, and is configured as the other one of the
source area and the drain area of each first transistor area 10. In some embodiments, the
first doped area 106 may be the source area of the first transistor area 10. The second
doped area 107 may be the drain area of the first transistor area 10, and the second doped
area 107 may further be configured as the drain area of the second transistor area 11. That
is to say, the respective first transistor area 10 and the respective second transistor area 11
share one second doped area 107 as the drain area. In this way, the semiconductor test
structure formed on the basis of the semiconductor layout structure has a relatively small
dimension. In some embodiments, the metal layer 105 arranged above the first transistor
area 10 may be specifically arranged above the first doped area 106 and the second doped

area 107 respectively. Therefore, in some embodiments, when the first doped area 106 is
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configured as the source area of the first transistor area 10, and the second doped area
107 is configured as the drain area of the first transistor, after the semiconductor test
structure is formed, the first doped area 106 is electrically connected to the metal layer
105. Thus, on the one hand, the metal layers 105 may lead out the electrical signals from
the first transistors, and on the other hand, the external electrical signals may be supplied
to the sources of the first transistors through the metal layers 105, so that the second
transistors may normally operate. Each metal layer 105 electrically connected to each
second doped area 107 may be electrically connected to a respective sub word line, so

that the respective sub word line is driven by the first transistor and the second transistor .

[ 0041] In some embodiments, each metal layer 105 corresponding to the first doped
area 106 is separated from each metal layer 105 corresponding to the second doped area
107, and the metal layers 105 corresponding to the adjacent first doped areas 106 are
separated from each other. In this way, the external electrical signals supplied by the
metal layers 105 to the first doped areas 106 will not interfere with the second doped
areas 107. Moreover, the metal layers 105 corresponding to the adjacent first doped areas
106 are separated from each other, so that when the first transistor corresponding to one
first transistor area 10 in one column of first transistor areas 10 is tested, a problem that
electrons moving in the metal layer 105 above the first transistor to be tested are
transported to the metal layer 105 above a first transistor adjacent to the first transistor to
be tested will not occur, so that the coupling effect can be prevented from being
generated on the adjacent first transistors, thereby further improving the parasitic leakage

of the semiconductor test structure.

[ 0042] FIG. 5 is a schematic diagram of another semiconductor layout structure
according to an embodiment of the disclosure. With reference to FIG. 5, in other
embodiments, the metal layers corresponding to two adjacent first doped areas may not

be separated from each other.

[ 0043] In some embodiments, the metal layer 105 corresponding to the second
transistor area 11 is arranged above the second gate structure 104. In this way, after the
semiconductor test structure is manufactured on the basis of the semiconductor layout

structure, each metal layer 105 is electrically connected to the respective second gate.

11



Thus, on the one hand, the driving signals can be transmitted to the second gate structures
104 through the metal layers 1035, so as to drive the second transistors. On the other hand,
the electrical property of the second transistors can be tested through the metal layers
105. In addition, the metal layers 105 arranged above the second gate structures 104 are
separated from the metal layers 105 arranged above the first transistors, so that when the
second transistors corresponding to the second transistor areas 11 are tested, the coupling
effect will not be generated on the first transistors corresponding to the first transistor
areas 10 through the metal layers 105. Specifically, since the metal layers 105 are
electrically connected to the second gate structures 104, when the second transistors are
turned on, the electrons moving in the metal layers 105 electrically connected to the
second gate structures 104 are not transported to the metal layers 105 electrically
connected to the first transistors, so that the coupling effect between the first transistors

and the second transistors can be improved.

[ 0044] In some embodiments, the metal layers 105 arranged above the adjacent
second gate structures 104 are separated from each other. That is to say, after the
semiconductor test structure is manufactured on the basis of the semiconductor layout
structure, the metal layers 105 corresponding to the adjacent second gate structures 104
are not connected to each other, so that when any one of the second transistors in one
column of second transistors is tested, the coupling effect will not be generated on the
adjacent second transistors through the metal layers 105, for example, the gate voltages
of the second gate structures 104 in the adjacent second transistors will not be increased,

thereby improving the parasitic leakage phenomenon of the semiconductor test structure.

[ 0045] In some embodiments, as shown in FIG. 4, each second transistor area 11
further includes a third doped area 108. The third doped area 108 is arranged between
two adjacent second gate structures 104, and is configured as one of a source area and a
drain area of each second transistor area 11, and the second doped area 107 is configured
as the other one of the source area and the drain area of each second transistor area 11.
The metal layer 105 corresponding to the second transistor area 11 is further arranged
above the third doped area 108. Each metal layer 105 corresponding to a respective
second gate structure 104 is separated from each metal layer 105 corresponding to the

third doped area 108. In some embodiments, when the second doped area 107 is
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configured as the drain area of the second transistor area 11, the third doped area 108
may be configured as the source area of the second transistor. In some embodiments, the
third doped area 108 may be further configured as a common source area between the
second transistor areas 11 corresponding to two adjacent second gate structures 104. That
is, a smaller number of third doped areas 108 are provided to form a larger number of
second transistor areas 11, so that the dimension of the semiconductor layout structure
becomes smaller, and the dimension of the manufactured semiconductor test structure
becomes smaller. It can be understood that, in other embodiments, the second doped area
107 can also be configured as the source area of the second transistor area 11, and the

third doped area 108 can be configured as the drain area of the second transistor area 11.

[ 0046] In the semiconductor test structure manufactured on the basis of the
semiconductor layout structure, the third doped area 108 is configured as a common
source of two adjacent second transistors. When the electrical test is performed on one of
the two adjacent second transistors, this second transistor is turned on by the second gate
structure 104 of this second transistor on the basis of the driving signals transmitted
through the metal layer 105. Since each metal layers 105 corresponding to a respective
second gate structure 104 is separated from each metal layer 105 corresponding to a
respective third doped area 108, the electrons and minority carriers moving in the second
gate structures 104 are not transmitted to the third doped areas 108 through the metal
layers 105. Thus, the coupling effect will not be generated on another second transistor
sharing the third doped area 108, so that the parasitic leakage of the semiconductor test

structure is improved.

[ 0047] FIG. 6 is a schematic diagram of yet another semiconductor layout structure
according to an embodiment of the disclosure. With reference to FIG. 6 and FIG. 4, in
some embodiments, the second gate structures 104 of two second transistor areas 102
that do not share the same third doped area 108 are arranged opposite to each other, and
the metal layers 105 corresponding to the two second gate structures 104 arranged
opposite to each other are connected to each other. In this way, it is beneficial to reduce
the process difficulty of actually manufacturing the metal layers 105 for the following
reason. As the dimension of the semiconductor device becomes smaller and smaller, the

dimension of the semiconductor layout structure also becomes smaller and smaller.
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Therefore, in two adjacent second transistors that do not share the same third doped area
108, the distance between the second gate structures 104 arranged opposite to each other
is relatively small. The metal layers 105 corresponding to two adjacent second gate
structures 104 are configured to be connected to each other, so that the process window
for manufacturing the metal layers 105 can be enlarged, which is beneficial to improve

the production efficiency.

[ 0048] In the semiconductor layout structure provided by the above embodiments, the
first active areas 101 corresponding to the adjacent first transistor areas 10 are configured
to be separated from each other, that is, two adjacent first transistor areas 10 do not share
the same first active area 101. In this way, in the manufactured semiconductor test
structure, two adjacent first transistors do not share the same first active area 101. That is,
when the electrical test is performed on one of the first transistors, the electrons moving
in the first active area 101 corresponding to this first transistor will not be moved to the
first active area 101 corresponding to the adjacent first transistor. That is, the coupling
effect will not be generated on the adjacent first transistors through the first active areas
101, so that the parasitic leakage phenomenon of the semiconductor test structure is

improved.

[ 0049] Another embodiment of the disclosure provides a semiconductor test structure.
The semiconductor test structure can be manufactured by the semiconductor layout
structure provided by the above disclosed embodiments. The semiconductor test structure

provided by another embodiment of the disclosure will be described below in detail.

[ 0050] The semiconductor test structure includes: a plurality of first active areas, and
a plurality of second active areas arranged adjacent to the plurality of first active areas, in
which each of the plurality of first active areas is provided with a plurality of first
transistors spaced apart from each other, each of the plurality of second active areas is
provided with a plurality of second transistors spaced apart from each other, and the
plurality of first active areas corresponding to the adjacent first transistors of the plurality
of first transistors are separated from each other; and a first gate structure and a plurality
of second gate structures, in which the first gate structure extends along a first direction,

the plurality of second gate structures are spaced apart from each other in the first
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direction, the first gate structure and the plurality of second gate structures are arranged
adjacent to each other, the first gate structure corresponds to the plurality of first
transistors, and each of the plurality of second gate structures corresponds to a respective

one of the plurality of second transistors.

[ 0051] The first active areas between the adjacent first transistors are configured to be
separated from each other. In this way, even if the first transistors share the same gate
structure, since the first active areas between the adjacent first transistors are not
connected to each other, when one of the first transistors is tested, the coupling effect will
not be generated on the adjacent first transistors through the first active areas, so that the

parasitic leakage phenomenon of the semiconductor test structure can be improved.

[ 0052] FIG. 7 is an I-V characteristic curve diagram of a semiconductor structure after
being electrically tested. FIG. 8 is an I-V characteristic curve diagram of a semiconductor
structure provided by an embodiment of the disclosure after being electrically tested.
With reference to FIG. 7, the curve 1 corresponds to a semiconductor structures in which
two adjacent first active areas share the same first active area. With reference to FIG. 8,
the curve 3 corresponds to a semiconductor structure in which the first active areas
between the adjacent first transistors are not connected to each other. It can be obtained
by comparing the curve 1 with the curve 3 that, after the first active areas between the
adjacent first transistors are configured to be separated from each other, the leakage

current of the semiconductor structure is greatly reduced.

[ 0053] In some embodiments, the substrate is a semiconductor substrate, which, for
example, may be a silicon substrate. In other embodiments, the material of the
semiconductor substrate may also be germanium, silicon germanium, silicon carbide, and
the like.

[ 0054] The first active areas and the second active areas are arranged in the substrate.
In some embodiments, the first active areas and the second active areas are obtained by
doping the substrate. Specifically, the first active areas and the second active areas can be
doped with P-type semiconductor ions or N-type semiconductor ions. The P-type ions
can be any one of boron ions, gallium ions, or indium ions. The N-type ions can be any

one of phosphorus ions, arsenic ions, or antimony ions. It should be noted that, in the

15



embodiments of the disclosure, a first active area corresponding to one column of first
transistors and a second active area corresponding to one column of second transistors
adjacent to the first transistors are taken as an example. In fact, the substrate further

includes a plurality of first active areas and a plurality of second active areas.

[ 0055] In some embodiments, each first transistor and each second transistor can be
configured as a sub word-line driver (SWD), for providing a word line voltage as a high
voltage, so as to drive the sub word line. In this way, the delay of the word line voltage
can be improved. The first transistor and the second transistor can be configured to pre-
charge a word line in response to the driving signals. Specifically, each of the first
transistor and the second transistor has a source to which the driving voltage is supplied,
and a drain connected to the sub word line, and is turned on or turned off in response to

the driving signals, so as to drive the sub word line.

[ 0056] The first active areas between the first transistors are separated from each
other. That is to say, each first transistor corresponds to a respective one of the first active
areas, and the first gate structure extends across the first active areas of the plurality of
first transistors and is configured to form the gate structure of the plurality of first
transistors. That is, the plurality of first transistors share one first gate structure. The
second gate structures and the first gate structure are arranged adjacent to each other, and
each second gate structure is configured as the gate structure of a respective one of the

second transistors.

[ 0057] The distance between the first active areas corresponding to the adjacent first
transistors is controlled to be within an appropriate range. When one of the first
transistors is tested, the coupling effect will not generated between the active area
corresponding to this first transistor and the first active area corresponding to the adjacent
first transistor, so that the problem that the gate voltages of the adjacent first transistors
are relatively high due to the coupling effect can be prevented, thereby improving the
parasitic leakage phenomenon. In addition, within this range, the distance between the
first active areas corresponding to the two adjacent first transistors is not too small, so
that the difficulty of the manufacturing process can be reduced, and the process window

for manufacturing the first active areas separated from each other can be enlarged. On the
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other hand, within this range, the distance between the first active areas corresponding to
the two adjacent first transistors is not too large, leaving a larger space for forming the
first active areas, so that the dimension of the first active area corresponding to the first
transistor is not too small, thereby allowing the first transistors to have a better

performance.

[ 0058] In some embodiments, the semiconductor test structure further includes a
plurality of metal layers. Each metal layer is electrically connected to a respective one of
the first transistors or a respective one of the second transistors. Each metal layer
electrically connected to the respective one of the first transistors is separated from each
metal layer electrically connected to the respective one of the second transistors. The
metal layers are configured to lead out the electrical signals from the first transistors and
the second transistors for testing. In some embodiments, each metal layer can be
electrically connected to a respective first transistor or a respective second transistor
through a respective electrical contact structure. Specifically, the metal layers lead out the
electrical signals from the first transistors and the second transistors to perform the
electrical test, such as the resistance test, so as to determine whether an internal short
circuit or an open circuit defect occurs in the semiconductor test structure. The metal
layers electrically connected to the first transistors are configured to be separated from
the metal layers electrically connected to the second transistors. In this way, when the
first transistor or the second transistor is tested, it can prevent the coupling effect from
being generated between the first transistor and the second transistor that are adjacent to
each other due to the electrical connection between the two metal layers respectively
electrically connected to the first transistor and the second transistor, thereby improving

the parasitic leakage phenomena of each of the first transistor and the second transistor.

[ 0059] With reference to FIG. 7 and FIG. 8, the curve 2 corresponds to the
semiconductor structure in which each metal layer electrically connected to a respective
first transistor is connected to each metal layer electrically connected to a respective
second transistor. With reference to FIG. 8, the curve 4 corresponds to the semiconductor
structure in which each metal layer electrically connected to a respective first transistor is
separated from each metal layer electrically connected to a respective second transistor. It

can be found by comparing the curve 2 with the curve 4 that each metal layer
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corresponding to the respective first transistor is configured to be separated from each
metal layer corresponding to the respective second transistor, so that after the

semiconductor structure is tested, the leakage current in the semiconductor structure is

greatly reduced.

[ 0060] In some embodiments, a material of the metal layer can be any one of Cu, Al,
or W.

[ 0061] In some embodiments, the first transistor includes a first doped area and a

second doped area. The first doped area is arranged on a side of the first transistor away
from the second transistor, and is configured as one of a source and a drain of the first
transistor. The second doped area is arranged between a respective first transistor and a
respective second transistor, and is configured as the other one of the source and the drain
of the first transistor. Each metal layer corresponding to a respective first transistor is

electrically connected to the first doped area or the second doped area.

[ 0062] In some embodiments, the first doped area and the second doped area are
arranged in the first active area. In some embodiments, an ion doping type of the first
doped area is the same as an ion doping type of the second doped area, and the ion
doping type of the first doped area is opposite to the ion doping type of the substrate. In
this way, the first doped area and the second doped area can respectively form a PN
junction with the substrate. Specifically, in some embodiments, the first doped area and
the second doped area can be doped with the N-type ions, and the substrate can be doped
with the P-type ions. In other embodiments, the first doped area and the second doped
area can also be doped with the P-type ions, and the substrate can be doped with the N-
type ions. In some embodiments, the N-type ions can be at least one of arsenic ions,
phosphorus ions, or antimony ions, and the P-type ions can be at least one of boron ions,

indium ions, or gallium ions.

[ 0063] In some embodiments, the first doped area can be the source of the first
transistor. The second doped area can be the drain of the first transistor, and the second
doped area is further configured as the drain of the second transistor. That is, the first
transistor and the second transistor share one drain. In this way, the dimension of the

semiconductor test structure may be relatively small. The metal layer is electrically
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connected to a respective first doped area. In this way, when the first doped area is
configured as the source of the first transistor, on the one hand, the electrical signals from
the first transistors can be leaded out, and on the other hand, the external electrical
signals may be supplied to the sources of the first transistors through the metal layers, so
that the first transistors may normally operate. Moreover, the metal layer is further
electrically connected to a respective second doped area. When the second doped area is
configured as the drain of the first transistor and the second transistor, the metal layer
may be further electrically connected to the respective sub word line, so that the first

transistor and the second transistor drive the respective sub word line.

[ 0064] In some embodiments, each metal layer corresponding to a respective first
doped area is separated from each metal layer corresponding to a respective second
doped area, and the metal layers corresponding to the adjacent first doped areas are
separated from each other. Each metal layer corresponding to the respective first doped
area is separated from each metal layer corresponding to the respective second doped
area, so that when the first doped area is configured as the source of the first transistor,
and the second doped area is configured as the drain of the first transistor, the metal layer
electrically connected to the first doped area supplies the driving voltage to the source of
the first transistor, and the metal layer electrically connected to the second doped area
drives the sub word line. Thus, the electrical signals from the source and the electrical

signals from the drain do not interfere with each other.

[ 0065] In some embodiments, each first transistor corresponds to one first doped area.
Therefore, the metal layers corresponding to the adjacent first doped areas are configured
to be separated from each other, so that when the first transistor is tested, a problem that
the coupling effect is generated on the adjacent first transistors due to the electrical
connection between the metal layers corresponding to the adjacent first doped areas will
not occur, so that the gate voltages of the adjacent first transistors can be prevented from

increasing, thereby improving the parasitic leakage phenomenon.

[ 0066] It can be understood that, in other embodiments, the metal layers
corresponding to the adjacent first doped areas can also be a continuous film layer

structure, and the first doped areas of the plurality of first transistors share the same metal
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layer. In this way, when the first doped area is configured as the source of the first
transistor, the driving voltage can be input through any node in the same metal layer. That
is, the driving voltage can be simultaneously supplied to the first doped areas
corresponding to the plurality of first transistors, so that the first transistor and the second

transistor have higher working efficiency.

[ 0067] In some embodiments, when the second doped area is configured as the drain
of the second transistor, considering that the drain of the first transistor and the second
transistor is configured for electrically contacting the driven sub word line, therefore, in
some embodiments, the metal layers on the second doped areas can be configured to be
separated from each other, so that the first transistor and the second transistor may

respectively drive a plurality of sub word lines.

[ 0068] In some embodiments, each metal layer corresponding to a respective second
transistor is electrically connected to a respective second gate structure. On the one hand,
the driving signals may be transmitted to the second gate structures through the metal
layers, so as to drive the second transistors. On the other hand, the metal layers are
configured to test the electrical properties of the second transistors. Moreover, the metal
layers electrically connected to the second gate structures are separated from the metal
layers electrically connected to the first transistors. That is to say, when the electrical
property of the second transistor or the first transistor is tested, the coupling effect will
not be generated through the metal layers. For example, when the electrical property of
the first transistor is tested, the first transistor needs to be turned on. In this case, a
channel between the first doped area and the second doped area of the first transistor is
turned on. The metal layers corresponding to the second gate structures are separated
from the metal layers corresponding to the first transistors. Therefore, the electrons
moving in the metal layers electrically connected to the first transistors will not be
transported to the metal layers electrically connected to the second transistors, so that the
coupling effect will not be generated on the second transistors. That is, the gate voltages
of the second gate structures in the second transistors will not be increased through the
metal layers electrically connected to the first transistors, so that the parasitic leakage is

reduced.
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[ 0069] Each second gate structure is configured as the gate structure of one second
transistor. When each metal layer is electrically connected to a respective second gate
structure, considering that there may be the parasitic leakage between any two adjacent
second transistors, in some embodiments, the metal layers corresponding to the adjacent
second gate structures are separated from each other. In this way, when the electrical
property of one of the second transistors is tested, i.e., when the second transistor is
turned on by the second gate structure in response to the driving signals, since the metal
layers corresponding to the adjacent second gate structures are separated from each other,
the coupling effect will not be generated between the two adjacent second gate structures
through the metal layers, thereby improving the parasitic leakage phenomenon between

the two adjacent second transistors.

[ 0070] In some embodiments, the second transistor includes a third doped area. The
third doped area is arranged between two adjacent second gate structures, and is
configured as one of a source and a drain of the two adjacent second transistors, and the
second doped area is configured as the other one of the source and the drain of the second
transistor. Each metal layer corresponding to the respective second transistor is further
electrically connected to the third doped area, and each metal layer corresponding to a
respective second gate structure is separated from each metal layer corresponding to the

third doped area.

[ 0071] In some embodiments, the third doped area is arranged in the active area, and
an ion doping type of the third doped area can be the same as the ion doping types of the

first doped area and the second doped area.

[ 0072] In some embodiments, when the second doped area is configured as the drain
of the second transistor, the third doped area can be configured as the source of the
second transistor. Specifically, in some embodiments, the third doped area can be
configured as a common source between the second transistors corresponding to two
adjacent second gate structures. That is to say, the second transistors corresponding to the
second gate structures arranged on both sides of the third doped area share one source.
When the plurality of second transistors are arranged at intervals in a column, and the

number of the second transistors in one column of the second transistors is greater than
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two, the second gate structures of the two adjacent second transistors that do not share
the same third doped area are arranged opposite to each other. In addition, the second
doped area is configured as a common drain of the first transistor and the second
transistor. In this way, it is only necessary to provide less doped areas to form more
transistors, which is beneficial for saving the space, so that the semiconductor test
structure has a smaller dimension. It can be understood that in other embodiments, the
third doped area can also be configured as a common drain between the second
transistors corresponding to two adjacent second gate structures, and the second doped

area is configured as a common source of the first transistor and the second transistor.

[ 0073] The third doped area is configured as the common source of two adjacent
second transistors. Therefore, each metal layer corresponding to a respective second gate
structure is configured to be separated from the metal layer corresponding to the third
doped area, so that when the electrical test is performed on one of the second transistors,
the problem that the coupling effect is generated on the adjacent second transistors due to
the electrical connection between the metal layer corresponding to the second gate
structure and the metal layer corresponding to the third doped area can be prevented.
Specifically, when one of the second transistors is tested, this second transistor is turned
on by the second gate structure of this second transistor on the basis of the driving signals
transmitted through the metal layer. Since each metal layer corresponding to a respective
second gate structure is separated from the metal layer corresponding to the third doped
area, the electrons and minority carriers moving in the second gate structures will not be
transmitted to the third doped area through the metal layers, so that the coupling effect
can be prevented from being generated on another second transistor that shares the same

third doped area with this second transistor.

[ 0074] In other embodiments, two adjacent second transistors form a second transistor
group. The second transistor group includes a third doped area. The third doped area is
arranged between two adjacent second gate structures in the second transistor group, and
is configured as a source or a drain of the two adjacent second transistors in the second
transistor group. Moreover, in two adjacent second transistor groups, the metal layers
corresponding to two second gate structures arranged opposite to each other are

connected to each other. That is to say, two transistors in the same second transistor
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group share the same third doped area. In two adjacent transistor groups, the second gate
structures of two adjacent second transistors that do not share the same third doped area
are arranged opposite to each other, and the metal layers corresponding to the two second
gate structures arranged opposite to each other are connected to each other, which is
beneficial to reduce the process difficulty of actually manufacturing the metal layers for
the following reason. As the dimension of the semiconductor device becomes smaller and
smaller, the characteristic dimension of the semiconductor test structure also becomes
smaller and smaller. Therefore, in two adjacent second transistors that do not share the
same third doped area, the distance between two second gate structures arranged opposite
to each other is relatively small. Therefore, in a process of actually manufacturing the
metal layers corresponding to the second gate structures, the metal layers corresponding
to two adjacent second gate structures are configured to be connected to each other, so
that the process window for manufacturing the metal layers can be enlarged, which is

beneficial to improve the production efficiency.

[ 0075] In other embodiments, when two second transistors in the second transistor
group are configured to share one third doped area, in two adjacent second transistor
groups, the metal layers corresponding to two second gate structures arranged opposite to
each other can also be configured to be separated from each other. In this way, in the two
second transistors that do not share the same third doped area, when one of the second
transistors is turned on for testing, the gate voltage of the other second transistor will not
be increased through the metal layer corresponding to the second gate structure, thereby

reducing the parasitic leakage current.

[ 0076] Considering the actual manufacturing process, in some embodiments, the
distance between the metal layers corresponding to two second gate structures arranged
opposite to each other is not too small, so that the difficulty of the actual manufacturing
process can be reduced for the following reason. Since the two second gate structures are
arranged opposite to each other, and the overall dimension of the semiconductor test
structure is relatively small, the actual distance between the two second gate structures is
relatively small. When the metal layers corresponding to the two second gate structures
arranged opposite to each other are actually manufactured, if the distance between the

corresponding metal layers is too small, it may cause process damage to the second gate
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structures, while increasing the difficulty of the manufacturing process. Therefore, the
distance between the metal layers corresponding to the opposite second gate structures is
set to be relatively large, which can reduce the difficulty of the process. On the other
hand, considering that the distance between the metal layers corresponding to the second
gate structures needs to be close to or equal to the distance between the two second gate
structures arranged opposite to each other, the distance between the metal layers
corresponding to the two opposite second gate structures is not too large, so that the

semiconductor test structure has a relatively small dimension.

[ 0077] In some embodiments, the active areas between the adjacent second transistor
groups are separated from each other. In the same second transistor group, two adjacent
second transistors share a third doped area. Thus, the active areas between the two
second transistors that share the same third doped area need to be connected to each
other. However, for two second transistors that do not share the same third doped area,
two second gate structures are arranged opposite to each other. That is, no third doped
area is provided between the two second gate structures. Therefore, the active areas
between the two opposite second gate structures are configured to be separated from each
other, so that the coupling effect will not be generated between the two second transistors
that do not share the same third doped area through the active areas, thereby further

improving the parasitic leakage between two adjacent second transistors.

[ 0078] In the semiconductor test structure provided by the above embodiments, the
active areas between the adjacent first transistors are configured to be separated from
each other. In this way, even if the first transistors share the same gate structure, since the
first active areas between two adjacent first transistors are not connected to each other,
when one of the first transistors is tested, the coupling effect will not be generated on the
adjacent first transistors through the first active areas, so that the parasitic leakage

phenomenon of the semiconductor test structure can be improved.

[ 0079] Those of ordinary skill in the art may understand that the above embodiments
are specific embodiments to implement the disclosure. In practical applications, various
changes may be made in forms and details without departing from the spirit and scope of

the disclosure. Any persons skilled in the art may make changes and modifications
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without departing from the spirit and scope of the disclosure. Therefore, the protection

scope of the disclosure should be subjected to the scope defined by the appended claims.
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CLAIMS

1. A semiconductor layout structure, comprising:

a plurality of active layers, wherein each of the plurality of active layers comprises a
first active area and a second active area arranged adjacent to the first active area, the first
active area comprises a plurality of first transistor areas spaced apart from each other, the
second active area comprises a plurality of second transistor areas spaced apart from each
other, and the plurality of active layers corresponding to the plurality of first transistor areas

adjacent to each other are separated from each other; and

a plurality of gate layers, wherein each of the plurality of gate layers is arranged above
a respective one of the plurality of active layers, and comprises at least one first gate structure
extending along a first direction, and a plurality of second gate structures spaced apart from
each other in the first direction, and wherein the at least one first gate structure and the
plurality of second gate structures are arranged adjacent to each other, the at least one first
gate structure corresponds to the plurality of first transistor areas, and each of the plurality of
second gate structures corresponds to a respective one of the plurality of second transistor

arcas.

2. The semiconductor layout structure of claim 1, further comprising a plurality of metal
layers, wherein a portion of the plurality of metal layers corresponds to the plurality of first
transistor areas, and another portion of the plurality of metal layers corresponds to the
plurality of second transistor areas, and the portion of the plurality of metal layers arranged
above the plurality of first transistor areas is separated from the other portion of the plurality

of metal layers arranged above the plurality of second transistor areas.

3. The semiconductor layout structure of claim 2, wherein each of the plurality of first
transistor areas comprises a first doped area and a second doped area, and wherein the first

doped area is arranged on a side of each of the plurality of first transistor areas away from the
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plurality of second transistor areas, and is configured as one of a source area and a drain area
of each of the plurality of first transistor areas, and the second doped area is arranged between
a respective one of the plurality of first transistor areas and a respective one of the plurality of
second transistor areas, and is configured as the other one of the source area and the drain area

of each of the plurality of first transistor areas.

4. The semiconductor layout structure of claim 3, wherein each of the plurality of metal layers
corresponding to the first doped area is separated from each of the plurality of metal layers
corresponding to the second doped area, and the plurality of metal layers corresponding to

any two adjacent first doped areas are separated from each other.

5. The semiconductor layout structure of claim 3, wherein the other portion of the plurality of
metal layers corresponding to the plurality of second transistor areas is arranged above the

plurality of second gate structures.

6. The semiconductor layout structure of claim 5, wherein the plurality of metal layers
arranged above the plurality of second gate structures adjacent to each other are separated

from each other.

7. The semiconductor layout structure of claim 6, wherein each of the plurality of second
transistor areas comprises a third doped area, wherein the third doped area is arranged
between two adjacent second gate structures of the plurality of second gate structures, and is
configured as one of a source area and a drain area of each of the plurality of second transistor
areas, and the second doped area is configured as the other one of the source area and the
drain area of each of the plurality of second transistor areas, and wherein the other portion of
the plurality of metal layers corresponding to of the plurality of second transistor areas is
further arranged above the third doped area, and each of the plurality of metal layers
corresponding to a respective one of the plurality of second gate structures is separated from

each of the plurality of metal layers corresponding to the third doped area.

27



8. A semiconductor test structure, comprising:

a plurality of first active areas, and a plurality of second active areas arranged adjacent
to the plurality of first active areas, wherein each of the plurality of first active areas is
provided with a plurality of first transistors spaced apart from each other, each of the plurality
of second active areas is provided with a plurality of second transistors spaced apart from
each other, and the plurality of first active areas corresponding to the plurality of first

transistors adjacent to each other are separated from each other; and

a first gate structure and a plurality of second gate structures, wherein the first gate
structure extends along a first direction, the plurality of second gate structures are spaced
apart from each other in the first direction, the first gate structure and the plurality of second
gate structures are arranged adjacent to each other, the first gate structure corresponds to the
plurality of first transistors, and each of the plurality of second gate structures corresponds to

a respective one of the plurality of second transistors.

9. The semiconductor test structure of claim 8, further comprising a plurality of metal layers,
wherein a portion of the plurality of metal layers is electrically connected to the plurality of
first transistors and another portion of the plurality of metal layers is electrically connected to
the plurality of second transistors, and the portion of the plurality of metal layers electrically
connected to the plurality of first transistors is separated from the other portion of the plurality

of metal layers electrically connected to the plurality of second transistors.

10. The semiconductor test structure of claim 9, wherein each of the plurality of first
transistors comprises a first doped area and a second doped area, and wherein the first doped
area is arranged on a side of each of the plurality of first transistors away from the plurality of
second transistors, and is configured as one of a source and a drain of each of the plurality of
first transistors, and the second doped area is arranged between a respective one of the
plurality of first transistors and a respective one of the plurality of second transistors, and is

configured as the other one of the source and the drain of each of the plurality of first
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transistors, and wherein the portion of the plurality of metal layers corresponding to the
plurality of first transistors is electrically connected to the first doped area and the second

doped area respectively.

11. The semiconductor test structure of claim 10, wherein each of the plurality of metal layers
corresponding to the first doped area is separated from each of the plurality of metal layers
corresponding to the second doped area, and the plurality of metal layers corresponding to

any two adjacent first doped areas are separated from each other.

12. The semiconductor test structure of claim 10, wherein the other portion of the plurality of
metal layers corresponding to the plurality of second transistors is electrically connected to

the plurality of second gate structures.

13. The semiconductor test structure of claim 12, wherein the plurality of metal layers
corresponding to the plurality of second gate structures adjacent to each other are separated

from each other.

14. The semiconductor test structure of claim 13, wherein each of the plurality of second
transistors comprises a third doped area, wherein the third doped area is arranged between
two adjacent second gate structures of the plurality of second gate structures, and is
configured as one of a source and a drain of each of the plurality of second transistors, and the
second doped area is configured as the other one of the source and the drain of each of the
plurality of second transistors, and wherein the other portion of the plurality of metal layers
corresponding to the plurality of second transistors is further electrically connected to the
third doped area, and each of the plurality of metal layers corresponding to a respective one of
the plurality of second gate structures is separated from each of the plurality of metal layers

corresponding to the third doped area.
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15. The semiconductor test structure of claim 12, wherein two adjacent second transistors of
the plurality of second transistors form a second transistor group, wherein the second
transistor group comprises a third doped area, and wherein the third doped area is arranged
between two adjacent second gate structures in the second transistor group, and is configured
as a source or a drain of the two adjacent second transistors in the second transistor group, and
wherein the plurality of metal layers corresponding to two second gate structures arranged

opposite to each other in two adjacent second transistor groups are connected to each other.

30



