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BAcxrnouND OF THE INVENI'IOO 

SEMICO~DUCTOR DEVICE 

F.i.eld of the Invention 

lp6S~ 
qb D\ qE,3 r S--

The present invention relates to semiconductor 

devices. More specifically, the present invention pertains 

to semiconductor devices which canprise closely spaced gate 

arrays having a plw:ality of mti.t saniconductor 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 surromid the natrix 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 ea.ch other and/or those belonging 

to different miit devices are connected by means of a first 

and/or second layers of aluninun 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 canprised of 

two pairs of complementary insulated-gate field-effect 

transistors 2a and 2b of the gate-separated type ( 

hereinafter referred to as "a.mE'Er"). The gates G of the 

ODSEEI's ·are independent of one another, whereas the EErs of 

the same conductivity type have a carmon 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 fanned 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 synmetrical 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 SN in the 

channel width direction. A heavily diffused N-type region 

6 is fanned in a self-aligned cranner by ion implantation of 

N-type impurities into the P-type well.with utilization of 

the pair of polysilicon gates 4.'il and SN. Likewise, heavily 

diffused P-type region 7 is fonned in a self-aligned marmer 

by ion implantation of P-type impurities into the N-type 

substrate with utilization of the pair of polysilicon gates 

4P and SP. In addition, a heavily doped P-type stopper 8 is 

provided by diffusion adjacent to the region 6 in order to 
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supply voltage V DD. to the N-type substrate, and a heavily 

doped N-type stopper 9 is dispased adjacent to the region 7, 

the stopper 9 being for supplying voltage Vss to the P well. 

Facli of the polysilicon gates 4N, SN, 4P and SP are 

of the U-shaped configuration ccinprising a narrow width gate 

electrode portion g and rectangular gate output tenninal 

portions Tl and T2 extended f onn 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 conman drain or source region for the two N-channel 

MO.SFErs. The conman· drain or source region for the two P­

channel MOSFEr is likewise located between the parallel 

disposed gate electrode.portions gin 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 CM:SFErs of the same unit device are wired between 

their gates oppositely arranged with each other so that the 

gate output terminal portions Tl and T2 thereof are 

connected via the aluminum wire 11 (shown by solid line) of 

a first layer through contact holes C denoted by ux" in the 

drawing), said the first layer being laid on the gates, 

whereby the shortest wire-connection between the adjacent 

CMOSFEI's can be achieved. The diagonal wire connection 
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between tenni.nal portions Tl and T2 in the same unit device 

can be obtained as shown in Figure 20, wherein one pair of 

diag.onally positioned terminal portions Tl and T2 are 

cormected by means of ttie alu:ninun wire 111 of a first layer 

through contact holes. Whereas, the other pair of 

diagonally positioned terminal portions Tl and T2 are 

connected by means of aluminum wires 112 and 113 of· the 

first layer and the almrl.num wire 12 (shown by double solid 

line) of a second layer laid on the first layer through 

contact holes and connecting portions denoted by "O". The­

separated-type unit device has benefits that it can easily 

be modified to a conmon-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 canpose functional devices such as transmission 

gates and the like. 

However, the diagonal wiring requires a second or 

more layered aluninu:n wires in the case that the wire lergth 

is intended to be as short as possible. If the second 

layered aluni.nun 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 
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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 fnnctiona.l 

unit devices and the input/outpUt buffers) becanes degraded 

as the number or area of the inner wires of the second or 

mor~ layers increases. For example, a D flip-flop shown in 

Figure 21 can be constituted by two unit devices 2. In this 

case, 11wire 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 becanes -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 al uni.nun wires 

of the first layer must be arranged so that they do not 

cross one another, which means that the total wire length 

becanes 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. 
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su.:MARY OF THE INV.ENI'ICN 

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 saniconductor device which canprises a gate array 

of a plurality of unit saniconductor 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 

saniconductor devices a.rrarged in a saniconductor substrate, 

the unit semiconductor devices being designed to connect 

selectively among the elements in the same unit devices and 

among the unit devices to caapose a desired logic circuitry, 

said unit saniconductor 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 f onned with a gate tenninal portion at the end facing 
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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 tenni.nal portion, the profile of said gate 

electrode tennina.l portion being such that it has at least 

a first wire connecting portion and a second wire connecting 

portior:. 

The respective gate electrodes are usually nade by 

polysilicon in consideration of self-alinged formation of 

their source or drain regions. The renaining region of the 

semiconductor substrate, which does not contribute 

substantially to th.e-fonnation of a channel inverted layer, 

is utilized as the site on which gate tennina.l 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 fanning process. Hence, it 

is recomnendable to f onn the gate terminal portions in the 

same layer of the gate elecrtrodes at the same time the 

gate electrodes are formed. 

Typical saniconductor devices of nester 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 
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devices, wherein wires are arranged along the longitudinal 

and lateral directions of the grids, and therefore the first 

and second insulated-gate field-e£f ect transistors are 

needed to arrange such that the chamel 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 tenninal portions are 

fonned on regions other than those for source or drain, and 

the gate electrodes are usually of a narrow width shape. 

The gate tenninal portions f onned at both ends of the gate 

electrode are wide in the channel length direction canpared 

to the gate electrode. In this case, the gate terminal 

portions are generally designed to have a mini.mun area of 

one-grid square. 

In a preferred anbocliment 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 tenninal portions has a first wire 

connecting portion positioned adjacent to the gate electrode 

and a second wire connecting portion extending f ran the 

first wire connecting portion in a rranner to f onn the crank 

shape. In addition, the crank-shaped termirial portion has 
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a connecting portion between the first and the second wire 

connecting portions, and the third portion nay be another 

wire connecting portion as required. 

In another pref erred embodiment of the present 

invention, the gate terminal portions of the first 

insulated-gate type field-effect transistor are f onned to be 

a rectangular shape, wherein a first terminal portion is 

positioned adjacent to an end of the gate electrode and a 

second tenninal portion is fanned extend.inJ f onn 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 longitudil)al and lateral grid lines, 

respectively. The second. terminal portion is also used to 

be cormected 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 tenninal portion. 

While, in the case of the above-mentioned crank-shaped 

tenninal 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 nmiber of wires which can 

be connected with the gate tennina.1 portio~. The increase 

in the number of wires, however, means that the gate 
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te.nninal portions become an increased area, which causes 

degradation in element-integrity of semiconductor devices. 

In automatic wiring of the gate tenninal 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 embocliment of 

the present invention, there is provided a semiconductor 

device wherein gate electrodes of tmit semiconductor devices 

are formed at one end with a gate terminal portion of 
. a 

rectangular shape, char9!cterized in that wire junction 

portions are provided in the regions surrol.lllded 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 fonned in the same layer of the 

gate electrodes by polysilicon or the like. 

According to the present invention, each of the gate 

tenninal 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 hQles, 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 
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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, an~ 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 tenninal. portions 

can be achieved by using only wires of the first layer 

.arranged within the areas on the adjacent gate tenninal 

portions. 

While, where the gate tenninal 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

spa.ce between the wires connecting gate tenninal portions. 

The space can be utilized to arrange other wires of the 

first layer. 
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ERIEF DESCRIPITCN OF THE IEAWThGS 

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; 

F.i.gure 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 tmit device in Figure 

2; 

Figure 6 illustrates diagonal wiring between 

adjacent gates in the gate-separated type unit device in 

Figure 2; 

F.i.gure 7 is a plan view of a D flip-flop constituted 

by two unit devices of the first embodiment of the present 
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irivention; 

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 bf 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 proviqed ·with second wire 

connecting portions; 

Figure 13 illustrates one mode of wiring between 

diagonally positioned gates in the gate-separated type mri.t 

device of Figure 9; 

Figure 14 is a plan view of a D flip-flop 

constituted by two unit devices of the second anbocliment of 

the present invention; 

Figure 15 is a schematic plan view showing an inner 

structure of a semiconductor chip of a conventional 

channelless-type gqte array; 
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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 lmit 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 

canposed by MC6FEl's; and, 

Figure 22 shows an example of wiring between two 

unit devices of Figure 15 to canpose a D flip-flop. 

PREE:ERRED EMB'.DIMENrS OF THE INVENITCN 

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. Qi 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 anbodiment of the 
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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 fonn a matrix of the unit devices. 

Each of the unit devices 12 has a plane structure 

comprising a pair of N-channel MOSFETs CF N 1, F N 2) 

arranged parallel to each other and a pair of P-channel 

MOSFErs CFr 1 , F rz) arranged parallel to each other and 
. . 

positioned adjacent to the respective N-channel MOSEFErs. 

The region in which the N-channel MOSFErs are f onned 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 fanned 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 fanned in a self-aligned rcanner _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 farmed by diffusion which is used for 

supplying voltage V s s 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 ~s 

CF ri. F rz) are formed is provided with a pair of 

polysilicon gates i4P and 15P which are fanned in parallel 

with each other on the substrate adjacent to the P well 3 
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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 lSP 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 fonned by 

diffusion which is used for supplying voltage V 00 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 synmetrically. 

As shown in Figure 4, each of the polysilicon gates 14P and 

lSP comprises a narrow widthgate electrode g of four-grid 

length and gate t~rminal portions Tl 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 tenninal portions Tl and T2 have an area 

sufficient for a single wire comection, that is, for wiring 

via a single contact hole to form ohmic contact. The 

regions just below the gate electrcxles g, g apart fran 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 conmon source or drain region for the two 

P-channel M:GFErs. These drain or source regions for the P­

channel M:lSFErs have four wire connecting positions arranged 
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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 fanned at the 

positions the polysilicon gates 14P and lSP moved 

laterally by a predetennined distance. The gates 14N and 

!SN 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 canprises a narrow gate electrode portion g of about 

four-grid length and crank-shaped gate tenninal portions Tl' 

and T2' integrally connected to both ends of the gate 

electrode portion g. The tenninal portion Tl' adjacent to 

the gate 14P comprises a first wire connecting position tl 

of one-grid square corresponding to the tenninal portion Tl 

of the gate 14P, a second wire connecting position t2 of 

one-grid square extending from the first tenninal position 

tl in the channel length direction and a third wire 

connecting position t3 of one-grid square which is extended 

fran the position t2 in the channel width .cij.rection towards 

the gate 14P and located adjacent to the tenninal portion 

Tl of the gate 14P. The tenninal portion T2' opposite to 

the tenninal portion Tl' comprises a first wire connecting 

position tl of one-grid square corresponding to the tenninal 

portion T2 of the gate 14~, a second wire connecting 

position t2 of one-grid square extending from the first 
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tenninal position tl in the charmel 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 

sym:netrically with respect to the line passing through the 

center thereof in the channel width direction. 

The gate 15N is provided with a te.nninal portion Tl" 

adjacent to the gate 15P, the terminal portion Tl" 

canprising a first wire connecting position tl of one-grid 

square corresponding to the tenninal portion Tl of the gate 

15P, a second wire connecting position t2' of one-grid 

square extending fran the first :tenninal position tl in the 

channel length direction and a third wire connecting 

position t3' of one-grid square which is extended fr6m 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 tennina.l portion Tl" carprises a first wire 

connecting position tl 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 fran 

the first terminal position tl in the channel length 

direction and a third wire connecting position t3' of one-
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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 !SN itself is shaped 

synmetrically 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 f onned to have the chamfered shape of the wire 

connecting positions t2 and t3. 

The tenninal portions T2 and T2 of the gates 14P and 

15P can be connected to the tenn.i..nal portions Tl' and Tl" 

in the following two wiring manners as shown in Figure 5. 

A first wiring nanner is such that the terminal portions T2 

and T2 are connected via contact holes (shown by 'X ~ ) with 

the tenninal portions Tl' and T2' by means of an aluninun 

wiret av of the first layer arranged along Y grid 

direction. The other wiring manner is such that the 

tenninal portions T2 and T2 are connected via contact holes 

(shown by 'X') with the tenninal portions Tl• and Tl" at 

their third connecting positions t3 by means of an alum:inun 

wire t 1 x of the first layer arranged in X grid direction 

nonral to Y grid direction. Thus, where a pair of adjacent 

gate-separated type CMOSFEI's in the same unit device are 

connected with each other to fonn a cannon gate, two ways of 

the shortest wiring can be obtained with utilizing o~y the 
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wires of the first layer having one-grid length. This 

means that the wiring feasibility is extremely enhanced 

caupared 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 camt0n 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 tenninal portion T2 of the gate 14P is connected to the 

terminal portion Tl" and the portion T2 of the gate 15P to 

the portion Tl' of the gate 14N. In the illustrated 

diagonal wirirg., the terminal portion T2 is connected to the 

adjacent tenninal portion Tl" of the gate !SN at its third 

wire connecting portion t3' by means of an aluni.nun wire //, 

1 x of the first layer arranged along the longitudinal grid 

line ( X grid-direction) , whereas the tenninal portion T2 of 

the gate 15P is connected to the terminal portion Tl' of 
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the gate 14N at its third wire connecting position tl by 

means of an aluminum wire I. l x y of the first layer arranged 

so that it :passes on the first and second wiring positions 

tl and t2' of the terminal portion Tl' 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 tenninal portions T2 of the respective gate 14P and lSP, 

the terminal portion Tl" of .the gate 15N, and the first 

wire connecting positions tl of the tenninal portions Tl" 

and Tl' of the respective gates 15N and 14N, in which space 

the.diagonal wiring among the gates can be perfaned by the 

aluninu:n wires of the first layer without utilizing alun:inun 

wires of the second layer deposited on the first altminun 

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,£ 13 

and fl. z of the first and second layers one on the other in 

the opposite directions and to arrange wires such as the 

aluminum wire ·II. 1 z 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 anbodiment, since aluninun wires of 

the second layer do not need to be utilized and wires do . 
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not go over the gate electrcxles 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 cani;>rised 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 tenninal portions Tl' , T2' , Tl" and 

T2" of the respective gate 14N and 15N are all provided 

with the second and third wire connecting positions. 

Alternatively, as is apparent firom the wiring illustrated 

in Figure 6, unit devices without terminal portions Tl', 

T2' and T2" of the respective gates 14N and 15N can be used 

to thereby enhance the inner and outer wiri.DJ f easihilities 

in comparison with those of the prior art tmit 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 nunerals. As shown in Figure 8, a plurality of 

unit sanicondutor devices 22 are arranged to fonn a matrix. 

Fach of the unit semicondutor devices 22 is illustrated in 

Figure 9. The unit sanicondutor device 22 canprises a pair 

of parallel N-channel MOS.FEI's (FN•. F Nz) and a pair of 
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parallel P-channel MOSFET.S ( F P 1 , F P z ) • The N-channel 

MOSFEI's have polysilicon gates 24N and 25N, respectively, 

which are of a substantially flat U-shape and are disposed 

syrrmetrically with each other. As shown in Figure 10, each 

of the polysilicon gates 14N and lSN comprises a narrow 

gate electrode portion g of about four-grid length and 

tenninal portions Tl and T2 of one-grid square integrally 

connected to the both ends of the gate electrode g. The 

tenninal portions Tl 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 fanned. Among these, the channel region between 

the parallel gate electrodes g, g in the high dense N-type 

diffused region 6 is a conmen drain or source region for 

the N-channel ~s. 

While, polysilicon gates 24P and 25P of the P­

channel MOSFEI's are substantially of a flat U-shape and 

disposed on the positions the polysilicon gates are moved 

laterally by a predetenni.ned distance. The gates 24P and 

25P are designed to have a shape different from the gates 

24N and 25N. The gate 24P canprises 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 tenninal 
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portions Tll and T22 of two-grid in area. The terminal 

portion T22 is located adjacent to the gate 24N and is 

~anprised by a first wire connecting positiontl of one-grid 

square corresponding to the temrl.nal portion. T2 of the gate 

24N and a second wire connecting pos:ition U2 of one-grid 

square extending outwardly in the channel width direction 

from the first wiring position tl. The other tenninal 

portion Tll is comprised by a first wire connecting pcsiticn 

tl of one-grid square corresponding to the tenninal portioI? 

Tl of the gate 24N and a second wire connecting position t12 

of one-grid square exteming outwardly in the channel width 

direction from the first wire cormecting position tl. 

Likewise, the gate 25P adjacent to the gate 25N has 

a terminal portion T22 which comprises a first wire 

connecting positicn tl of one-grid square corresponding to 

the tenninal portion T2 of the gate 2~N and a second wire 

connecting position t12 of one-grid square extending 

outwardly in the channel width direction fran the first wire 

connecting position tl. The te.rnrl.nal portion Tll located 

opposite to· the portion T22 comprises a first wire 

connecting pa:;ition tl of one-grid square and a second .wire 

connecting po$ition t12 of one-grid square extending 

outwardly in the channel width direction fran the first wire 

connecting position tl. By adding the second wire 

connecting position tl2, the gates 24P and 25P are eight­

grid long in the channel width direction. A region is 
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defined by the surrounding terminal portions Tl, Tl, T22, 

T22 of the ga"t:es 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 Pl between the tenninal portions Tl 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 tl 

and tl. 

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 coruiecting positions tl2 and t12 of the 

respective gates 24P and 25P are connected via contact holes 

designated by 'X' to the tenninal portions Tl and Tl of the 

gates 24N and 25N by means of aluminum wires P.. 1 y of the 

first layer arranged laterally (along Y-grid direction). The 

lateral wiring among the gates can be perf omed by the 

shortest wires, that is, one-grid long wires. In addition, 

the first wire connecting positions tl and tl rarain unused 

and so, an aluminum wire I. x can be arranged in the 

longitudinal direction (X-grid direction) passing 

therethrough. In contrast, where the tenninal portions Tl 

and Tl of the gates 24P and 25P are not provided with the 
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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 

tenninal portions, which means that a wire prohibited track 

of three-grid length occurs between the adjacent tenninal 

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 tenninal 

portion T22 of the gate 24P is connected to the terminal 

portion Tl of the gate 25N and the tenninal portion T22 of 

the gate 25P to the temd.nal portion Tl 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 fl, l x l arranged in x 

direction, the wire-junction area 28 is connected at its 

first wire-junction position Pl to the tenninal portion Tl 

of the gate 25N via an aluminum wire fl, 1 x z arrangSd. in X 

direction, and the tenninal portion T22 of the gate 25P is 

connected at its second wire connecting position tl2 to the 

tenninal portion Tl of the gate 24N via an al u:ninun wire R. 

axv 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 

aluminun wires are all of the first layer. 
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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 

hen fit that the passage for the aluminum wire I, x is 

assured between the laterally adjacent tennina.l portions. 

Thus, according to the present anbocliment, the first layered 

wires can easily be distributed to thereby obtain more 

improved outer wirirtg feasibility. 

Figure 14 illustrates a D flip-flop of Figure 21 

which is canprised by the two unit saniconductor devices 22. 

As can be seen fran Figure 14, the layout of the flip-flop 

is simplified so that the total wiring length is extremely 

reduced and no pr~ited tracks occur in the second layer. 

The gates 24P and 25P of the unit device 22 are 

provided with the tenninal 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 tl2 in order to perform the diagonal wiring among 

the gates by using only the first layered wires, which is 

apparent fran Figure 13. 
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a.AIMS: 

1. A semiconductor device canprising a plurality of 
c12,u1 

arranged unit semiconductor devices~ said unit 

semiconductor devices and elements in said semiconductor 

devices being selectively comected to one another by wires 

to thereby constitute a desired logic circuitry, 

characterized in that said unit semiconductor devices 

canprise at lea.st a ,first insulated-gate type field-effect 
(f'ttf t Tff) 

transistor~of a first conductivity type·and a second 
('fpf t =t'l'fi) 

insulated-gate type field-effect transistorAof a second 

conductivity type which is disposed adjacent to said first 
(t'tP, 29:N) 

transistor and has a gate electrode~separated from a gate 
(f'ttt1 21t P) 

electrod~of the first transistor, said gate electrodes of 

the respective transistors have at least a gate tenninal 
Cti, 11•, Tz., Tzz.) 

portioruat the side adjacent to each other, and said gate 

tenninal portib~ ~f) the first field-effect transistor has 

t 1 t f . t . ct. rt. (.Cf) d nd ,· a eas a irs WJ..re conne ing po ion,, an a seco wire 

connecting portion{t3 1 ttz.). 

2. The semiconductor device as set forth in claim 1, 

wherein said gate tenninal portions of said first and second 

transistors are connected integrally to said gate 

electrodes and are fanned in the same layer of said gate 

TH\S SHEET HAS BEEN 
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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 des~gned to be wider 

than said gate electrodes·. 

5. The semiconductor device as set forth in claim 4, 

wherein said first wire connecting portion(~~f the first 

• (f"f!.tl.3 . d t . 1 rt. crz?.: th nd transistorA auu sa1 gate ernu.na po ion/\ 01. e seco 

transisto~f~e arranged on a fi~st 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 • 

. I This 1iii1 mn\iiltiiicec 
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6. The semiconductor device as set forth in claim 5, 

h . "d f' t d nd . . ·t• rt' (t.t~tt,) w erein sai irs an seca wire connec ing po l.OilS/\UL 

. (T1» • (frtf) 
the gate tenninal portion~of the first transistorAare 

arranged on a third and fourth grid.lines, respectively, 

said third and fouth grid lines.being normal to said first 

and second grid lines. 

7. The semiconductor device as set.forth in claim 5, 

h . . d f' t . d nd . t' rt' (f!r,_~f2) w erein sai irs an seca wire connec ing po ions if UL 

the gate tenninal portioJr~J the first transisto~~Jre 
arranged on a third grid line normal to said first and 

second grid lines. 

8. The semiconductor device as set forth in claim 7, 

wherein said unit semiconductor device comprises a third 

insulated-gate type field-effect transistoi:PJf the first 

conductivity type which is provided with a source or drain 

region comnon to t~t of said first transisto~~~d a gate 
~~ 0~ 

electrode}arranged parallel to the gate electrode,itof said 

first transistor, and a fourth insulated-gate type field­

effect transisto~~C:i the second conductivity type which is 

provided with a source or drain region comnon to that of 
(THt} (1SH) 

said second transistorl\and a gate electrode arranged 
(1'110 

parallel to the gate electrodeAof said second transistor, 

THIS SHEET HAS BEEN 
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and wherein said unit semiconductor device further 
(it) 

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. 

9. The semiconductor device as set forth in claim 8, 

wherein said wire junction region is formed in the same 

layer of said gate electrodes. 

10. The·semiconductor·device as set forth in claim 6, 

wherein said gate terminal portio&~12f the first transistor (:fH1) 

is substantially crank-shaped. 

11. The semconductor device as set forth in claim 9, 

wherein said gate tenninal portio~ucfr the first transistorffv1) 

is substantially rectangular~ 

12. A semiconductor device comprising a plurality of 

arranged unit sanicondu,ior devices, said unit semicon~~or 
devices and elements in said semiconductor devices being 

selectively connected to one another by wires to thereby 

\H\S SHEE1 HAS BEEN 
·REPLl\CEO 



I lllllll llllll lllll lllll II llll 
* C L M S * 

-32-

constitute a desired logic circuitry, characterized in that: 

each of said mrl.t semiconductor devices comprises 

first and second insulated-gate type field-effect 

transistors of a first conductivity type and third and 

f outh insulated-gate type fieid-effect trCUl.Sistors 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 witha gate 

tenninal portion of the gate electrode at the side adjacent 

to the other transistors; and, 

said gate tenninal portion of the gate electrode of 

the first transistor comprises at lea·st a first wire 

connecting portion integrally f onned 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 tenninal portions of the gate 

electrodes of the third and fourth transistors. 

13. A semiconductor device comprising a plurality of 

arranged unit semicond~tor devices, said unit semicond*or 

devices and elements in said semiconductor devices being 

selectively connected to one another by wires to thereby 

THIS SHEET HAS BEEN 
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constitute a desired logic circuitry, characterized in that: 

each of said i.mit saniconductor devices comprises 

first and second insulated-gate type £ield-eff ect 

transistors of a first conductivity type and third and 

f outh 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 witha gate 

tenninal portion of the gate electrode at the side adjacent 

to the other transistors; 

each of said gate tenninal portions of the gate 

electrodes of the first and second transistors canprises at 

least first and second wire connecting portions; and, 

a wire jmiction area is fonned in an area surrounded 

by the respective gate electrodes of said first, second, 

third-and fourthtransistors. 
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