
BACKGROUND OF THE INVENTION SEMICONDUCTOR DEVICE Field of the Invention The
present invention relates to semiconductor devices. More specifically, the
present invention pertains to semiconductor devices which comprise closely
spaced gate arrays having a plurality of unit semiconductor devices of
gate-separated type insulated-gate field-effect transistors, the gates of
which have an improved configuration. Related Art Description Conventional
semiconductor chip products of the channelless gate array type have such an
inner layout as shown in Figure 15, in which a matrix of a plurality of
gate-separated type unit semiconductor devices 2 is disposed on a silicon
chip substrate 1 with a plurality of input/output buffer portions B along
the peripheral area of the chip substrate so that they surround the matrix
of the unit devices. Figure 16 illustrates a portion of the matrix in an
enlarged scale. In this type of gate array, 



insulated-gate field-effect transistors in the same unit devices are
connected with each other and/or those belonging to different unit devices
are connected by means of a first and/or second layers of aluminum wire
deposited on the gate array, so that a desired large-scale logic circuitry
can be obtained.    -2- Figure 17 is a block diagram of the unit device of
the gate-separated type. The unit device 2 is comprised of two pairs of
complementary insulated-gate field-effect transistors 2a and 2b of the
gate-separated type ( hereinafter referred to as "CMOSFET"). The gates G of
the CMCSEETs are independent of one another, whereas the FETs of the same
conductivity type have a common drain D or source S. Figure 18 illustrates
a conventional structure of the gate-separated unit device 2. As shown in
this Figure, an 



N-type substrate is formed with a rectangular-shaped region of a P-type
well 3 which is formed by diffusing P-type impurities in the substrate.
Polysilicon gates 4N, 5N are formed in the P-type well 3 via a gate oxide
film so that they are across the P-type well and are symmetrical with each
other. Adjacent to the P-type well 3 another pair of polysilicon gates 4P
and 5P are formed at the parallel moved positions of the respective gates
4N and 5N in the channel width direction. A heavily diffused N-type region
6 is formed in a self-aligned manner by ion implantation of N-type
impurities into the P-type well with utilization of the pair of polysilicon
gates 4N and 5N. Likewise, heavily diffused P-type region 7 is formed in a
self-aligned manner by ion implantation of P-type impurities into the
N-type substrate with utilization of the pair of polysilicon gates 4P and
5P. In addition, a heavily doped P-type stopper 8 is provided by diffusion
adjacent to the region 6 in order to   



-3- supply voltage V[err] to the N-type substrate, and a heavily doped
N-type stopper 9 is disposed adjacent to the region 7, the stopper 9 being
for supplying voltage Vss to the P well. Each of the polysilicon gates 4N,
5N, 4P and 5P are of the U-shaped configuration comprising a narrow width
gate electrode portion g and rectangular gate output terminal portions T1
and T2 extended form the both ends of the gate electrode portion g. Regions
just below the respective gate electrode portions g function as channels.
Region, which is located in the heavily diffused N-type region 6 between
the parallel disposed gate electrode portions g, functions as a common
drain or source region for the two N-channel MOSEETs. The common drain or
source region for the two P- channel MOSFET is likewise located between the
parallel disposed gate electrode portions g in the heavily diffused P-type
region 7. In the gate array of the above-mentioned gate- 



separated unit devices 2, as shown in Figure 19, the adjacent CMOSFETs of
the same unit device are wired between their gates oppositely arranged with
each other so that the gate output terminal portions T1 and T2 thereof are
connected via the aluminum wire 11 (shown by solid line) of a first layer
through contact holes ( denoted by "X" in the drawing), said the first
layer being laid on the gates, whereby the shortest wire-connection between
the adjacent CMOSFETs can be achieved. The diagonal wire connection
between terminal portions T1 and T2 in the same unit device can be obtained
as shown in Figure 20, wherein one pair of diagonally positioned terminal
portions T1 and T2 are connected by means of the aluminum wire 111 of a
first layer through contact holes. Whereas, the other pair of diagonally
positioned terminal portions T1 and T2 are connected by means of aluminum
wires 112 and 113 of the 



first layer and the aluminum wire 12 (shown by double solid line) of a
second layer laid on the first layer through contact holes and connecting
portions denoted by "C". The separated-type unit device has benefits that
it can easily be modified to a common-gate type unit device by such a
wiring as shown in Figure 19 and that it can be applied with the diagonal
wiring as shown in Figure 20 which is not applicable to the common-gate
type unit device. Especially, the applicability of the diagonal wiring is
useful to compose functional devices such as transmission gates and the
like. However, the diagonal wiring requires a second or more layered
aluninum wires in the case that the wire length is intended to be as short
as possible. If the second layered aluminum wires 12 are arranged for
connection among the elements within the unit devices, the regions occupied
by these second layered wires cannot be utilized to arrange another wires
for connection among the remotely positioned functional unit devices and
among the functional unit 



-5- devices and the input/output buffers, thus those regions are called a
"wire prohibited track". Therefore, outer wiring feasibility (defined as
ease of wiring among the remotely positioned functional unit devices and
among the functional unit devices and the input/output buffers) becomes
degraded as the number or area of the inner wires of the second or more
layers increases. For example, a D flip-flop shown in Figure 21 can be
constituted by two unit devices 2. In this case, "wire prohibited tracks"
occur on the second layer of aluminum as shown in Figure 22 due to the
diagonal wiring among the inner elements, so that the outer wiring
feasibility becomes degraded. It is of course possible that the two unit
devices can be connected without using second layered aluminum wires.
However, in this case, the respective aluminum wires 



of the first layer must be arranged so that they do not cross one another,
which means that the total wire length becomes longer, so that the occupied
regions for those long wires becomes larger. This degrades inner wiring
feasibility (defined as ease of wiring among the elements in each of the
unit devices and among the adjacent unit devices). If the first layered
wires become complicated and elongated, wire resistance and wire capacity
caused by increase of wired area will increase, and so wire time constant
will become larger. This will cause a noticable amount of delay in the
device operation.    -6- SUMMARY OF THE INVENTION Accordingly, it is an
object of the present invention to provide a unit semiconductor device of
the gate-separated type of which gates are designed to have an 



improved profile, whereby adjacent gates in the unit device can be
diagonally connected by using first layered wires only without increase of
the wire length. It is an another object of the present invention to
provide a semiconductor device which comprises a gate array of a plurality
of unit semiconductor devices having gates of an improved profile to
thereby enhance the inner wiring feasibility thereof as well as the outer
wiring feasibility. In order to achieve the above and other objects,
according to the present invention, there is provided a semiconductor
device having a plurality of unit semiconductor devices arranged in a
semiconductor substrate, the unit semiconductor devices being designed to
connect selectively among the elements in the same unit devices and among
the unit devices to compose a desired logic circuitry; said unit
semiconductor devices comprising at least a first insulated-gate type
field-effect transistor of a first conductivity type and a second
insulated-gate type field- effect transistor of a second conductivity type,
and the 



respective gate electrodes of both types of transistors being formed with a
gate terminal portion at the end facing    -7- the other gate electrode,
characterized in that said first insulated-gate type field-effect
transistor has the gate electrode comprising the gate electrode portion and
said gate electrode terminal portion, the profile of said gate electrode
terminal portion being such that it has at least a first wire connecting
portion and a second wire connecting portion. The respective gate
electrodes are usually made by polysilicon in consideration of self-alinged
formation of their source or drain regions. The remaining region of the
semiconductor substrate, which does not contribute substantially to the
formation of a channel inverted layer, is utilized as the site on which
gate terminal portions of 



the gate electrodes are disposed. The gate terminal portions can be a layer
deposited on the layer of the gate electrodes, which, however, requires
another process in addition to the gate electrode forming process. Hence,
it is recommendable to form the gate terminal portions in the same layer of
the gate elecrtrodes at the same time the gate electrodes are formed.
Typical semiconductor devices of master slice layout are provided with gate
electrodes designed to have a profile of short channel length and wide
channel width in order to decrease on-resistance value. On the other hand,
automatic wiring process is usually utilized to connect among the elements
in the unit devices and among the unit    -8- devices, wherein wires are
arranged along the longitudinal and lateral directions of the grids, and
therefore the first 



and second insulated-gate field-effect transistors are needed to arrange
such that the channel regions (the gate electrodes) of the respective
transistors are oriented in the same direction, either the longitudinal
direction or the lateral direction of the grids. The channel regions of the
respective transistors may be arranged between the same longitudinal or the
same lateral line of the grids, or they may be in the adjacent, parallel
grid lines, respectively. As mentioned above, the gate terminal portions
are formed on regions other than those for source or drain, and the gate
electrodes are usually of a narrow width shape. The gate terminal portions
formed at both ends of the gate electrode are wide in the channel length
direction compared to the gate electrode. In this case, the gate terminal
portions are generally designed to have a minimum area of one-grid square.
In a preferred embodiment of the present invention, the first
insulated-gate type field-effect transistor is formed with gate terminal
portions of a crank shape, 



wherein each of the gate terminal portions has a first wire connecting
portion positioned adjacent to the gate electrode and a second wire
connecting portion extending from the first wire connecting portion in a
manner to form the crank shape. In addition, the crank-shaped terminal
portion has    -9- a connecting portion between the first and the second
wire connecting portions, and the third portion may be another wire
connecting portion as required. In another preferred embodiment of the
present invention, the gate terminal portions of the first insulated-gate
type field-effect transistor are formed to be a rectangular shape, wherein
a first terminal portion is positioned adjacent to an end of the gate
electrode and a second terminal portion is formed extending form the outer
edge of the first terminal portion. The gate terminal 



portion of this shape occupies at least an area of two-grid. In this type
of gate terminal portion, the first wire connecting portion is used to be
connected with wires arranged along a longitudinal and lateral grid lines,
respectively. The second terminal portion is also used to be connected with
a longitudinal and lateral wires, either one of which is the same one as
either one of the wires capable of being connected with the first terminal
portion. While, in the case of the above-mentioned crank-shaped terminal
portion, wires connectable with the first terminal portions are different
from those which are able to be connected with the second terminal
portions. It is apparent that inner and outer wiring feasibilities are
improved as the number of wires which can be connected with the gate
terminal portions. The increase in the number of wires, however,  means
that the gate    



-10- terminal portions become an increased area, which causes degradation
in element-integrity of semiconductor devices. In automatic wiring of the
gate terminal portions, wires are arranged along the longitudinal and
lateral grid lines. Therefore, the gate terminal portions are preferably
designed such that they are able to be connected with wires of different
grid lines. Thus, in a preferred embodiment of the present invention, there
is provided a semiconductor device wherein gate electrodes of unit
semiconductor devices are formed at one end with a gate terminal portion of
rectangular shape, characterized in that wire junction portions are
provided in the regions surrounded by four gate terminal portions, each of
the wire junction portions having an area of at least three-grid. The wire
junction portions are preferably formed in the same layer of the gate
electrodes by polysilicon or the like. According to the present invention,
each of the gate terminal portions comprises the second wire connecting 



portion as well as the first wire connecting portion. The second connecting
portions can be, for example, used to connect wires of the first layer
through contact holes, by which wire length can be reduced in comparison
with using only the first connecting portions for wiring. Hence, the unit
devices can be diagonally connected as described before, using wires of
only the first layer in such a manner that the wire length is not
increased. By this    short wiring, the delay   time caused by the wiring
is reduced, and the inner wiring feasibility is improved.  In addition,
since the second connecting portions can be utilized for passage of wires
of the first layer, wires of the second layer are required in less number,
and wire prohibited tracks are reduced in number, whereby the outer wiring
feasibility can be enhanced. Where the gate terminal portions are of a
crank 



shape, the diagonal wiring among the gate terminal portions can be achieved
by using only wires of the first layer arranged within the areas on the
adjacent gate terminal portions. While, where the gate terminal portions
are of the rectangular shape and the wire-junction portions are provided,
the diagonal wiring among the gates is carried out by connecting wires of
the first layer to the both ends of the wire-junction portions via contact
holes, while other wires of the first layer can be arranged to pass on the
middle of the wire-junction portions. According to the arrangement, wires
of the first layer which are required for the diagonal wiring do not
project onto the source or drain regions. In addition, where the adjacent
gate terminal portions are connected, it is possible to make a space
between the wires connecting gate terminal portions. The space can be
utilized to arrange other wires of the first layer.  



-12- BRIEF DESCRIPTION OF THE DRAWINGS The above and other objects and
advantages of the present invention will be apparent from the following
detailed description with reference to the attached drawings, in which:
Figure 1 is a diagram illustrating an array of gate- separated type unit
devices of a first embodiment of the present invention; Figure 2 is a plan
view of the unit device in an enlarged scale of Figure 1; Figure 3A is a
cross-sectional view of the unit device taken along line A-A in Figure 2;
Figure 3B is a cross-sectional view of the unit device taken along line B-B
in Figure 2; Figure 4 is a layout of the gate-separated type unit device of
Figure 2; 



Figure 5 illustrates one mode of wiring between gates positioned adjacent
to each other in the lateral direction in the gate-separated type unit
device in Figure 2; Figure 6 illustrates diagonal wiring between adjacent
gates in the gate-separated type unit device in Figure 2; Figure 7 is a
plan view of a D flip-flop constituted by two unit devices of the first
embodiment of the present    -13- invention; Figure 8 is a diagram
illustrating an array of gate- separated type unit devices of a second
embodiment of the present invention; Figure 9 is a plan view of the unit
device in an enlarged scale of Figure 8; 



Figure 10 is a layout of the gate-separated type unit device of figure 9;
Figure 11 illustrates one mode of wiring between gates positioned adjacent
to each other in the lateral direction in the gate-separated type unit
device of Figure 9; Figure 12 illustrates another mode of wiring between
gates positioned adjacent to each other in the lateral direction in the
gate-separated type unit device in Figure 9, in which the gates are not
provided with second wire connecting portions; Figure 13 illustrates one
mode of wiring between diagonally positioned gates in the gate-separated
type unit device of Figure 9; Figure 14 is a plan view of a D flip-flop
constituted by two unit devices of the second embodiment of the present
invention; Figure 15 is a schematic plan view showing an inner structure of
a semiconductor chip of a conventional 



channelless-type gate array;    -14- Figure 16 illustrates an array of
gate-separated type unit device of Figure 15;- Figure 17 is a circuit
diagram of the unit device of Figure 15; Figure 18 is an enlarged plan view
of the unit device of Figure 15; Figure 19 shows an example of wiring
between the gates positioned adjacent to each other in the lateral
direction in the unit device of Figure 15; Figure 20 shows an example of
wiring between the gates diagonally positioned in the unit device of Figure
15;. Figure 21 is a circut diagram of a D flip-flop composed by MOSFETs;
and, 



Figure 22 shows an example of wiring between two unit devices of Figure 15
to compose a D flip-flop. PREFERRED EMBODIMENTS OF THE INVENTION While the
present invention will be described in connection with the preferred
embodiments, it will be understood that it is not intended to limit the
invention to these embodiments. On the contrary, it is intended to cover
all alternatives, modifications, and equivalents as may be included within
the spirit and scope of the invention as defined by the attached claims.
Figures 1 to 4 illustrate a first embodiment of the    -15- present
invention. As shown by the drawings, a plurality of unit semicondutor
devices 12 of gate-separated type are arranged along the longitudinal and
lateral directions at the same intervals to form a matrix of the unit
devices. 



Each of the unit devices 12 has a plane structure comprising a pair of
N-channel MOSFETs (F[err], F[err]) arranged parallel to each other and a
pair of P-channel MOSFETs (Fp, Fp) arranged parallel to each other and
positioned adjacent to the respective N-channel MOSEFETs. The region in
which the N-channel MOSFETs are formed is provided with a square region of
P well 3 by diffusing P- type impurities into an N-type silicon substrate
20 of low dense impurities. A pair of polysilicon gates 14N and 15N are
formed in parallel with each other on the P-type well 3 via gate oxide film
13. A high dense N-type diffused region 6 is formed in a self-aligned
manner by ion implantation of N-type impurities with utilizing the
polysilicon gates 14N and 15N as masks, this region 6 being source or drain
region. Adjacent to the high dense diffused region, a high dense P- type
stopper 8 is formed by diffusion which is used for supplying voltage V ss
to the P well 3. In addition, oxide films 10 are deposited thickly and
partially on the P-type well 3. Likewise, the region in which the P-channel
MCSFETs 



(Fp ,F) are formed is provided with a pair of polysilicon gates 14P and 15P
which are formed in parallel with each other on the substrate adjacent to
the P well 3    -16- via the gate oxide film 13. A high dense P-type
diffused region 7 is formed in a self-aligned manner by ion implantation of
P-type impurities with utilizing the polysilicon gates 14P and 15P as
masks, this region 7 being source or drain region. Adjacent to the high
dense diffused region, a high dense P-type stopper 9 is formed by diffusion
which is used for supplying voltage V[err] to the N-type substrate 20. In
addtion, oxide films 10 are deposited thickly and partially on the P-type
well 3. The polysilicon gates 14P and 15P are shaped to be a substantially
flat U-shape and are arranged symmetrically. As shown in Figure 4, each of
the polysilicon gates 14P and 



15P comprises a narrow width gate electrode g of four-grid length and gate
terminal portions T1 and T2 which are integrally connected to both ends of
the gate electrode g and are of rectangular shape having an area of
one-grid square. The gate terminal portions T1 and T2 have an area
sufficient for a single wire connection, that is, for wiring via a single
contact hole to form ohmic contact. The regions just below the gate
electrodes g, g apart from each other by one-grid distance are for channel
regions of four- grid width. Among those, the region between the gate
electrodes g, g in the high dense N-type diffused region 7 is utilized as a
common source or drain region for the two P-channel MOSFETs. These drain or
source regions for the P- channel MOSFETs have four wire connecting
positions arranged    -17- in the channel width direction, and the stopper
9 has two 



wire connecting positions arranged in the same direction. The polysilicon
gates 14N and 15N are formed at the positions the polysilicon gates 14P and
15P         moved laterally by a predetermined distance. The gates 14N and
15N have a different shape from the gates 14P and 15P, that is, the gate
14N has a portion of the same shape as of the gate 14P and a portion
denoted by oblique lines in Figure 4 integrally added to the former. In
other words, the gate 14N comprises a narrow gate electrode portion g of
about four-grid length and crank-shaped gate terminal portions T1' and T2'
integrally connected to both ends of the gate electrode portion g. The
terminal portion T1' adjacent to the gate 14P comprises a first wire
connecting position t1 of one-grid square corresponding to the terminal
portion T1 of the gate 14P, a second wire connecting position t2 of
one-grid square extending from the first terminal position t1 in the
channel length direction and a third wire connecting position t3 of
one-grid square which is extended from the position t2 in the channel width
direction towards 



the gate 14P and located adjacent to the terminal portion T1 of the gate
14P. The terminal portion T2' opposite to the terminal portion T1'
comprises a first wire connecting position t1 of one-grid square
corresponding to the terminal portion T2 of the gate 14P, a second wire
connecting position t2 of one-grid square extending from the first    -18-
terminal position t1 in the channel length direction and a third wire
connecting position t3 of one-grid square which is extended outwardly from
the position t2 in the channel width direction. The second and third wire
connecting positions t2 and t3 denoted by oblique lines in Figure 4 are
located on the same grid line on which the stoppers 8 and 9 are located.
The gate 14N itself is shaped symmetrically with respect to the line
passing through the center thereof in the channel width direction. 



The gate 15N is provided with a terminal portion T1" adjacent to the gate
15P, the terminal portion T1" comprising a first wire connecting position
t1 of one-grid square corresponding to the terminal portion T1 of the gate
15P, a second wire connecting position t2' of one-grid square extending
from the first terminal position t1 in the channel length direction and a
third wire connecting position t3' of one-grid square which is extended
from the position t2' in the channel width direction toward the gate 14P
and located between the terminal portions T2 of the respective gates 14P
and 15P. The terminal portion T2" opposite to the terminal portion T1"
comprises a first wire connecting position t1 of one-grid square
corresponding to the terminal portion T2 of the gate 15P, a second wire
connecting position t2' of one-grid square extending from the first
terminal position t1 in the channel length direction and a third wire
connecting position t3' of one-   



-19- grid square which is extended outwardly from the position t2' in the
channel width direction. The second and third wire connecting positions t2'
and t3' denoted by oblique lines in Figure 4 are located on the grid line
between the parallel gates g, g. The gate 15N itself is shaped
symmetrically with respect to the line passing through the center thereof
in the channel width direction. In addition, the wire connecting positions
t2' and t3' of the gate 15N are formed to have the chamfered shape of the
wire connecting positions t2 and t3. The terminal portions T2 and T2 of the
gates 14P and 15P can be connected to the terminal portions T1' and T1" in
the following two wiring manners as shown in Figure 5. A first wiring
manner is such that the terminal portions T2 and T2 are connected via
contact holes (shown by 'X') with the terminal portions T1' and T2' by
means of an aluminum wire 1y. of the first layer arranged along Y grid 



direction. The other wiring manner is such that the terminal portions T2
and T2 are connected via contact holes (shown by 'X') with the terminal
portions T1' and T1" at their third connecting positions t3 by means of an
aluminum wire [err]. of the first layer arranged in X grid direction normal
to Y grid direction. Thus, where a pair of adjacent gate-separated type
CMOSFETs in the same unit device are connected with each other to form a
common gate, two ways of the shortest wiring can be obtained with utilizing
only the    -20- wires of the first layer having one-grid length.  This
means that the wiring feasibility is extremely enhanced compared to the
conventional devices. The space occupied by the unit device 12 of the
present embodiment is four-grid long in X direction by twelve-grid wide in
Y direction and so, is the same as that of the prior unit devices of Figure



18. The unit devices of the present embodiment are characterized by adding
the second and third wire connecting positions t2, t3, t2' and t3' to the
gates 14N and 15N designated by oblique lines in Figure 4 which are located
in unused regions of the grid line in which the stoppers 8 and 9 and of the
grid line in which the common region of the source or drain are situated.
Therefore, increase in the area of the unit devices can be avoided in the
present embodiment. Next, the diagonal wiring of the gates in the unit
device 12 can be carried out as shown in Figure 6, wherein the terminal
portion T2 of the gate 14P is connected to the terminal portion T1" and the
portion T2 of the gate 15P to the portion T1' of the gate 14N. In the
illustrated diagonal wiring, the terminal portion T2 is connected to the
adjacent terminal portion T1" of the gate 15N at its third wire connecting
portion t3' by means of an aluminum wire [err] of the first layer arranged
along the longitudinal grid line (X grid-direction), whereas the terminal
portion T2 of 



the gate 15P is connected to the terminal portion T1' of    -21- the gate
14N at its third wire connecting position t1 by means of an aluminum
wire[err]  of the first layer arranged so that it passes on the first and
second wiring positions t1 and t2' of the terminal portion T1' in this
order. In the present embodiment, a space of three-grid length in X
direction by two-grid width in Y direction is defined by the terminal
portions T2 of the respective gate 14P and 15P, the terminal portion T1" of
the gate 15N, and the first wire connecting positions t1 of the terminal
portions T1" and T1' of the respective gates 15N and 14N, in which space
the diagonal wiring among the gates can be performed by the aluminum wires
of the first layer without utilizing aluminum wires of the second layer
deposited on the first aluminum layer.  The benefits obtained from using
only the first 



aluminum layer are that wire prohibited tracks occurring due to the use of
second aluminum layer can be avoided, which contributes to enhancement of
the outer wiring feasibility. As shown in Figure 20, according to the prior
wiring, it is inevitable to arrange the aluminum wires [err] and [err] of
the first and second layers one on the other in the opposite directions and
to arrange wires such as the aluminum wire [err] to the extent on the gate
electrodes g and so, the wires cannot be arranged within the space of
three-grid length by two-grid width. In contrast, according to the present
embodiment, since aluminum wires of the second layer do not need to be
utilized and wires do    -22- not go over the gate electrodes g, the wiring
length can be reduced. Therefore, the capacity and resistance caused by
wiring can be reduced at the same time, and the inner 



wiring feasibility can be enhanced as well as the delayed time caused by
the wiring can be reduced. Figure 7 illustrates a D flip-flop comprised by
the two unit semiconductor devices of the present embodiment, the flip-flop
being the same as that of Figure 22. It should be noted in Figure 7 that
the wiring length is extremely reduced and that no prohibited tracks of the
second wires occur. The terminal portions T1', T2', T1" and T2" of the
respective gate 14N and 15N are all provided with the second and third wire
connecting positions. Alternatively, as is apparent from the wiring
illustrated in Figure 6, unit devices without terminal portions T1, T2' and
T2" of the respective gates 14N and 15N can be used to thereby enhance the
inner and outer wiring feasibilities in comparison with those of the prior
art unit devices. Figures 8 to 10 illustrate an another embodiment of the
present invention, in which elements corresponding to the above-mentioned
embodiment are designated by the same reference numerals. As shown in
Figure 8, a plurality of 



unit semicondutor devices 22 are arranged to form a matrix. Each of the
unit semicondutor devices 22 is illustrated in Figure 9. The unit
semicondutor device 22 comprises a pair of parallel N-channel MOSFETs
(F[err], F[err]) and a pair of    -23- parallel P-channel MOSFETs (F[err],
F[err]). The N-channel MOSFETs have polysilicon gates 24N and 25N,
respectively, which are of a substantially flat U-shape and are disposed
symetrically with each other. As shown in Figure 10, each of the
polysilicon gates 14N and 15N comprises a narrow gate electrode portion g
of about four-grid length and terminal portions T1 and T2 of one-grid
square integrally connected to the both ends of the gate electrode g. The
terminal portions T1 and T2 have an area sufficient for wiring via a single
wire connecting position, that is, a single contact hole. The gate
electrodes g are spaced by 



one-grid distance, below which channel regions of four-grid length are
formed. Among these, the channel region between the parallel gate
electrodes g, g in the high dense N-type diffused region 6 is a common
drain or source region for the N-channel MOSFETs. While, polysilicon gates
24P and 25P of the P- channel MOSFETs are substantially of a flat U-shape
and disposed on the positions the polysilicon gates are moved laterally by
a predetermined distance. The gates 24P and 25P are designed to have a
shape different from the gates 24N and 25N. The gate 24P comprises a
portion having the same shape as that of the gate 24N and a portion denoted
by oblique lines in Figure 10. That is, the gate 24P comprises a narrow
width gate electrode portion g of substantially four-grid length and
rectangular terminal    -24- 



portions T11 and T22 of two-grid in area. The terminal portion T22 is
located adjacent to the gate 24N and is comprised by a first wire
connecting positiont1  of one-grid square corresponding to the terminal
portion T2 of the gate 24N and a second wire connecting position t12 of
one-grid square extending outwardly in the channel width direction from the
first wiring position t1. The other terminal portion T11 is comprised by a
first wire connecting position t1 of one-grid square corresponding to the
terminal portion T1 of the gate 24N and a second wire connecting position
t12 of one-grid square extending outwardly in the channel width direction
from the first wire connecting position t1. Likewise, the gate 25P adjacent
to the gate 25N has a terminal portion T22 which comprises a first wire
connecting position t1 of one-grid square corresponding to the terminal
portion T2 of the gate 25N and a second wire connecting position t12 of
one-grid square extending outwardly in the channel width direction from the
first wire connecting position t1. The terminal portion T11 located 



opposite to the portion T22 comprises a first wire connecting position t1
of one-grid square and a second wire connecting position t12 of one-grid
square extending outwardly in the channel width direction from the first
wire connecting position t1. By adding the second wire connecting position
t12, the gates 24P and 25P are eight- grid long in the channel width
direction. A region is    -25- defined by the surrounding terminal portions
T1, T1, T22, T22 of the gates 24N, 25N, 24P and 25P, in which an isolated
wire junction area 28 is arranged. The wire junction area 28 is formed at
the same time the gates are formed and so, is formed by polysilicon doped
with impurities. The wire junction area 28 has a first wire- junction
position P1 between the terminal portions T1 and T2 a second wire-junction
position P2 between the second wire 



connecting positions t12 and t12, and a third wire-junction position P3
between the first wire connecting positions t1 and t1. In the unit
semiconductor device of the above structure, the gates 24P and 25P are
connected to the adjacent gates 24N and 25N as shown in Figure 11, wherein
the second wire connecting positions t12 and t12 of the respective gates
24P and 25P are connected via contact holes designated by 'X' to the
terminal portions T1 and T1 of the gates 24N and 25N by means of aluminum
wires [err] of the first layer arranged laterally (along Y-grid direction).
The lateral wiring among the gates can be perfomed by the shortest wires,
that is, one-grid long wires. In addition, the first wire connecting
positions t1 and t1 remain unused and so, an aluminum wire [err] can be
arranged in the longitudinal direction (X-grid direction) passing
therethrough. In contrast, where the terminal portions T1 and T1 of the
gates 24P and 25P are not provided with the  



-26- second wire connecting position t12 and t12 of one-grid square as
shown in Figure 12, there is no space to pass an aluminum wire in the X
direction between the adjacent terminal portions, which means that a wire
prohibited track of three-grid length occurs between the adjacent terminal
portions in the first aluminum layer. Next, in the unit semiconductor
device 22 of the present embodiment, the diagonal wiring among the gates
can be carried out as shown in Figure 13, wherein the terminal portion T22
of the gate 24P is connected to the terminal portion T1 of the gate 25N and
the terminal portion T22 of the gate 25P to the terminal portion T1 of the
gate 24N. As shown in Figure 13, the terminal portion T22 of the gate 24P
is connected at its first wire connecting position t1 to the adjacent third
wire-junction position P3 of the wire- junction area 28 via an aluminum
wire [err] arranged in X 



direction, the wire-junction area 28 is connected at its first
wire-junction position P1 to the terminal portion T1 of the gate 25N via an
aluminum wire  [err] arranged. in X direction, and the terminal portion T22
of the gate 25P is connected at its second wire connecting position t12 to
the terminal portion T1 of the gate 24N via an aluminum wire [err] [err]
arranged to pass over the second wire-junction position P2 of the area 28
and the second wire connecting position t12 of the terminal portion T22 in
this order. The above aluminum wires are all of the first layer.    -27-
The above diagonal wiring among the gates can be performed within a space
of three-grid length in X direction by three-grid width in Y direction by
only the first aluminum layer. In comparison with the unit semiconductor
device 12 of Figure 2, although the unit 



semiconductor device 22 is longer in Y direction by one grid and has an
increased area by that amount, it has a ben fit that the passage for the
aluminum wire [err] is assured between the laterally adjacent terminal
portions. Thus, according to the present embodiment, the first layered
wires can easily be distributed to thereby obtain more improved outer
wiring feasibility. Figure 14 illustrates a D flip-flop of Figure 21 which
is comprised by the two unit semiconductor devices 22. As can be seen from
Figure 14, the layout of the flip-flop is simplified so that the total
wiring length is extremely reduced and no prohibited tracks occur in the
second layer. The gates 24P and 25P of the unit device 22 are provided with
the terminal portions T22 having the second wire connecting portions t12,
respectively. Alternatively, only one of the gates 24P and 25P may be
provided with the terminal portion T22 having the second wire connecting
position t12 in order to perform the diagonal wiring among the gates by
using only the first layered wires, which is 



apparent from Figure 13.    28 CLAIMS 1.   A  semiconductor device
comprising  a plurality of arranged  unit semiconductor devices, said unit
semiconductor devices and elements in said semiconductor devices being
selectively connected to one another by wires to thereby constitute a
desired logic circuitry, characterised in that said unit semiconductor
devices comprise at least a first insulated-gate type field-effect
transistor of a first conductivity type and a second insulated-gate type
field-effect transistor of a second conductivity type which is disposed
adjacent to said first transistor and has a gate electrode separated from a
gate electrode of the first transistor, said gate electrodes of the
respective transistors have at least a gate terminal portion at the side
adjacent to each other, and said gate terminal portion of the first
field-effect transistor has at least a first wire connecting portion and a
second wire connecting portion, characterised in that said first wire
connecting portion of the first transistor and said gate terminal portion
of the second transistor 



are arranged on first and second parallel grid lines, respectively, said
first and second grid lines being included in a plurality of lateral and
longitudinal lines defined by the routes along which said wires are
intended to be arranged. 2.   The semiconductor device as set forth in
claim 1, wherein said gate terminal portions of said first and second
transistors are connected integrally to said gate electrodes and are formed
in the same layer of said gate electrodes, respectively. 3.   The
semiconductor device as set forth in claim 2, wherein said first and second
transistors have channel regions which are oriented in the same direction.
4.   The semiconductor device as set forth in claim 3, wherein said gate
electrodes of the first and second transistors are provided with said gate
terminal portions which are formed in the regions other than source or
drain regions of said transistors and are designed to be wider than said
gate electrodes. 5.   The semiconductor devices as set forth in any
preceding claim, wherein said first and second wire connecting portions qf
the gate terminal portion of the    REPLACEMENT SHEET 



29 first transistor are arranged on a third and fourth grid lines,
respectively, said third and fourth grid lines being normal to said first
and second grid lines. 6,   The semiconductor device as set forth in any
preceding claim, wherein said first and second wire connecting portions of
the gate terminal portion of the first transistor are arranged on a third
grid line normal to said first and second grid lines. 7.   The
semiconductor devices as set forth in claim 6, wherein said unit
semiconductor device comprises a third insulpted-gate type field-effect
transistor of the first conductivity type which is provided with a source
or drain region common to that of said first transistor and a gate
electrode arranged parallel to the gate electrode of said first transistor,
and a fourth insulated-gate type field-effect transistor of the second
conductivity type which is provided with a source or drain region common to
that of said second transistor and a gate electrode arranged parallel to
the gate electrode of said second transistor, and wherein said unit
semiconductor device further comprises a wire junction region formed in an
area surrounded by the first, second, third and fourth gate electrodes of
said first, second, third and fourth transistors. 8.   The semiconductor
device as set forth in claim 7, wherein said wire junction 



region is formed in the same layer of said gate electrodes. 9.  The
semiconductor device as set forth In claim 5, wherein said gate terminal
portion of the first transistor is substantially crank-shaped. 10.  The
semiconductor device as set forth In claim 8, wherein said gate terminal
portion of the first transistor is substantially rectangular. 11.  A
semiconductor device  comprising a  plurality of arranged  unit
semiconductor devices, said unit semiconductor devices and elements in said
semiconductor devices being selectively connected to one another by wires
to thereby constitute a desired logic circuitry, characterised in that:
30 each of said unit semiconductor devices comprise first and second
insulated-gate type field-effect transistors of a first conductivity type
and third and fourth insulated-gate type field-effect transistors of a
second conductivity type, said first and second transistors being provided
with gate electrodes arranged parallel to each other, and said third and
fourth transistors being provided with gate electrodes arranged parallel to
each other; 



each of said transistors is provided with a gate terminal portion of the
gate electrode at the side adjacent to the other transistors; and said gate
terminal portion of the gate electrode of the first transistor comprises at
least a first wire connection portion integrally formed at the end of said
gate electrode and a second wire connecting portion extended from said
first wire connecting portion and located between said gate terminal
portions of the gate electrodes of the third and fourth transistors. 12. A
semiconductor device comprising a plurality of arranged unit semiconductor
devices, said unit semiconductor devices and elements in said semiconductor
devices being selectively connected to one another by wires to thereby
constitute a desired logic circuitry, characterised in that: each of said
unit semiconductor devices comprises first and second insulated-gate type
field-effect transistors of a first conductivity type and third and fourth
Insulated-gate type field-effect transistors of a second conductivity type,
said first and second transistors being provided with gate electrodes
arranged parallel to each other, and said third and fourth transistors
being provided with gate electrodes arranged parallel to each other, each
of said transistors is provided with a gate terminal portion of the gate
electrode at the side adjacent to the other transistors; 



each of said gate terminal portions of the gate electrodes of the first and
second transistors comprises at least first and second wire connecting
portions; and    REPLACEMENT SHEET 31 a wire junction area is formed in an
area surrounded by The respective gate electrodes of said first, second,
third and fourth transistors. 13.  A semiconductor device comprising a
plurality of unit semiconductor devices (12), each comprising a first
insulated-gate type field-effect transistor (Fp2) of a first conduotivity
type and a second insulted-gate type field-effect transistor (FN2) of a
second conductivity type, said unit semiconductor devices and transistors
being selectively connected by wires to one another to constitute a desired
logic circuitry, wherein said first and second transistors are disposed
adjacent to each other, said first transistor has a first gate electrode
(15P) having a first gate terminal portion (T2) on the side facing said
second transistor and a second gate 



terminal portion (T1) on the side remote from said second transistor, said
second transistor has a second gate electrode (15N) having a third gate
terminal portion (T1") adjacent to said first gate terminal portion and a
fourth gate terminal portion (T2")on the side remote from said first
transistor, characterised in that said third and fourth gate terminal
portions each have first (t1), second (t2') and third (t3') wire connecting
portions integrally connected with each other, one of source and drain
regions of said first transistor, said first gate terminal portion (T2), a
first wire connection portion (t1) of said third gate terminal portion
(T1") and one of source and drain regions of said second transistor are
arranged on a first straight line, the other one of source and drain
regions of said first transistor, the second    32 and third wire
connecting portions (t[err], t[err]) of said third and fourth gate terminal
portions (T[err], T2") and the other one of source and drain regions of
said second transistor are arranged on a second straight line parallel to
said first line, 



said first gate terminal portion (T2) and said third wire connecting
portion (t3') of said third gate terminal portion are arranged on a third
straight line perpendicular to said first and second lines, and the first
and second wire connection portions (t1, t2') of said third gate terminal
portion are arranged on a fourth straight line parallel to said third line.




