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shown in Figure 8, however, it is necessary to move the transistors 105 and
115 up and down in order to This invention relates to a semi-conductor
inte-  widen the channel width W of the transistors 101, grated circuit
having a logical cell composed of insu-  102,105,111,112 and 115. Atthe
same time, it is also lated gate transistors.                        5
necessary to modify the arrangement of the alumini- Conventionally, a
semi-conductor integrated cir-  urn wiring 143 and the polysilicon gate
electrodes cuit having a logical cell composed of insulated gate  120, and
furthermore to move and correct the con- transistors, for example as shown
in Figure 2, has a  tacts 145 for the aluminium wiring 143 and the poly-
standard cell structure designed manually for each  silicon gate electrodes
120 and so on, and through logical cell. In the logical cell shown in
Figure 2, tran-  io  holes in first and second aluminium layers etc. As a
sistors 101, 102, 111 and 112 are input transistors  result, much time and
energy is also required to check while transistors 105 and 115 are output
transistors.  the modification. The transistors 101, 102 and 105 are
P-channel insu-  In recent years, a gate array arrangement as lated gate
transistors while the transistors 111, 112  shown in Figure 7 has been
adopted for providing a and 115 are N-channel insulated gate transistors.
15  standard cell structure to enable cell modification to This logical
cell has two inputs provided by input ter-  be carried out easily in a
short time. In the gate array minals 131 and 132, and constitutes and OR
circuit  arrangement, transistors of the same size are aligned wherein the
P-channel input transistors 101 and 102  horizontally to constitute a cell,
and so the correction are connected in series. An output terminal 135 of
this  mentioned above can be carried out simply by widen- cell is connected
to other cells in the integrated circuit  20  ing the channel width of the
transistors. Figure 7 by aluminium wiring.
shows an alternative layout for the transistors of the When such a logical
cell, in which some of the in-  OR circuit of Figure 2. All the P-channel
transistors put transistors are connected in series, is designed  101,102
and 105 are of the same size and are formed manually, the transistors tend
to be aligned up and  along the power source wiring 141, and all the N-
down and right and left, with the wiring inter-mingled,  25  channel
transistors 111, 112 and 115 are of the same as shown in Figure 8, not only
in the case of the OR  size and are formed along the power source wiring
circuit of Figure 2 but also generally. Figure 8 shows  142. Thus, the
device as a whole looks like an array. a layoutforthe ORcircuitof
Figure2wherein the input  Accordingly, a correction, such as the widening
of the and output transistors are arranged between power  channel width,
can be carried out flexibly without source wirings for supplying a source
potential VDD   30   much need for altering the arrangement of the gate and
a ground potential Vss, with the Input transistors  electrodes and the
aluminium wiring. 101, 102, 111 and 112 on the inside, and the output
However, such correction results in an increase transistors 105 and 115 on
the outside. The N-chan-  in electricpowerconsumption becauseall
thetransis- nel transistors 111, 112 and 115 are formed in the do-  tors in
each line are of the same size and so an in- main ofa P-typewell. The two
inputterminals 131 and   35  crease in the channel width of the output
transistors 132 of the cell are connected to respective polysilicon  105
and 115 results in an increase in the channel gate electrodes 120 of the
transistors 101, 102, 111  width of the input transistors 101, 102, 111 and
112 and 112. The transistors 101 to 115, the polysilicon  also. As a
result, the penetrating current Is, which gate electrodes 120, aluminium
wiring 143 and con-  charges and discharges the transistors in operation,
tacts 145 constitute the OR circuit, and the drains of  40  increases. For
example, the penetrating current Is of the output transistors 105 and 115
are connected to  a P-channel transistor can be approximated by the the
output terminal 135.                           following expression: In
order to accelerate the operation speed of the  [err]= 1/8 x [err] x W / n
x (VDD - 2 x Vth)2  (2) logical circuit shown In Figure 2, It is necessary
to wi-  where Vth is the threshold voltage of the transistor den the
channel width Wofthe insulated gate transis-  45  and the othersymbols are
the same as in Equation (1) tors. For example, the transition period
[err]in the signal  above. As can be seen, since the penetrating current
rise of the P-channel transistors can be approximated  [err]is proportional
to the channel width W, the penetrat- by the following expression:
ing current [err]increases as the channel width W in- [err]
creases. where C is the load capacitance, [err]is the amplifica-  50  Now,
the increase in the speed of operation of an tion factor for electric
current per unit length of the P-  integrated circuit depends on how much
the time channel transistor, W is the channel width, n is the  Ttrans,
necessary for a signal from an output of one number of input transistors
connected in series, and  cell to reach the next cell to which the output
is con- [err] isthe source potential. Since the transition period  nected,
can be shortened. This time [err]can be cal- tp is inversely proportional
to the channel width W, the   55  culated on the basis of the relation
between the total transition period [err]can be shortened by increasing
sum of the parasitic capacitance CL on the output of the channel width W.
the cell, as determined by the capacitance of the alu- In the conventional
manually designed structure  minium wiring connecting the cell and the next
cell 2    3                   EP 0 453 279 B1                  4 



and bythe numberof othercells connected tothe cell,  the firstand second
electric-conductivity types is less i.e. the number of fine outs (FO
number), and Equa-  than the channel width of the oreach output transistor
tion (1). The capacitance of the aluminium wiring is  of said at least one
electric-conductivity type, and the correlated to the chip size of an
integrated circuit: the  gate electrodes of the or each input transistor is
par- bigger the chip size the bigger the capacitance. And   5   allel to
that of the or each output transistor. the FO number can also be estimated
on the basis of     By forming the transistors at regular intervals chip
size.                                          along the associated power
source wiring, adjust- The channel width [err] of the output transistor of
ment can be effected easily. Since the channel width the cell is determined
by [err] calculated as men-  of the transistors are arranged to extend
perpendicu- tioned above, and the frequency band limits in which   10
larto the powersource wiring, the channel widths can the chip is used. In
the conventional gate array ar-  be changed without modifying the interval
at which rangement, the penetrating current of the cell increas-  the
transistors are arranged. And by allowing for the es substantially with an
increase in the channel width  channel width of the input transistors to be
less than of the output transistor because the input transistors  the
channel width of the output transistors, it is pos- have the same channel
width as the output transis-  15  sible to reduce the penetrating current
and hence to tors proportional to the sum total of the parasitic ca-
decrease the electric power consumption. pacitance CL on the cell
determined as mentioned        Further, the parasitic capacitance on each
input above. Hence, a significant increase in electric power  transistor of
the cell, which is determined simply by consumption is required toshorten
the operation time  the capacitance of the wiring within the cell and the
in an integrated circuit having a logical cell construct-  20  capacitance
of the next transistor, is much smaller ed according to the conventional
gate array arrange-  than the total sum of the parasitic capacitance on the
ment.                                               output transistors. The
operation time of the cell is At present, lap top computers and such like,
thus regulated by the operation time of the output which are in increasing
demand, require an integrated  transistors with little contribution from
the operation circuit which operates quickly and consumes little  25  time
of the input transistors. Accordingly, although electric power because they
use a power source,     the operation time of the input transistors
increases such as a battery, having a limited capacity. Never-  as the
channel width of the input transistors decreas- theless, as mentioned
above, it is difficult to realise  es, the resulting delay in the operation
time of the cell such an integrated circuit using a cell structure ob-  is
small since the parasitic capacitance on the input tained by the
conventional gate array arrangement,  30  transistors is relatively small.
Thus, a semi-conductor and it is unrealistic to produce such an integrated
cir-  integrated circuit In which the channel width of the in- cuit using
the manual design because much time is   put transistors is reduced
relative to that of the output wasted in modification of the cell
structure.       transistors in order to control increase in electric pow-
EP-A-0349294 discloses an integrated circuit     er consumption can still
have a relatively short oper- having I/O cells wherein the output
transistors have   35  ation time. channel widthsgreaterthan thoseofthe
inputtransis-      In a preferred form of the invention, a plurality of
tors and JP-A-58-122771 discloses an input circuit in  the input
transistors are connected in series and, in which the logic level of the
circuit may be readily  this case, it Is desirable to increase the channel
width changed. Neither of these documents is however      of the input
transistors as the number in the series in- concerned with internal logic
circuits.        40   creases. This is because the operation time of the
in- The present invention seeks to solve these prob-  put transistors
Increases as the number n in the ser- lems, and an object of the invention
is to provide a  ies increases, as shown by Equation (1) above, and
semi-conductor integrated circuit having a logical cell  so it is
desirableto lengthen the channel width to com- in which correction can be
easily effected and in   pensate for the delay in the operation time. which
increase in electric power consumption can be   45  For example, the
channel width [err] of the input controlled.
transistors may be determined by normalising [err] ac- According to a first
aspect of the present inven-  cording to a correlation function [err]= K
(W0, n) where tion, there is provided a semiconductor integrated cir-
[err]is the channel width of the or each output transis- cuit having a
logical cell comprising insulated gate  tor corresponding to the input
transistors connected transistors of a first electric-conductivity type
provid-  50 in series. By normalising the channel width WI in this ing
input and output transistors, and insulated gate  way, it becomes easy to
correct a mask pattern em- transistors of a second electric-conductivity
type pro-  ployed in manufacturing the semi-conductor integrat- viding
further input and output transistors, the tran-  ed circuit More
especially, it is necessary to correct sistors being formed at regular
intervals along re-  the mask pattern employed In manufacture if the
spective power source wirings with the channel width  55   channel width of
a transistor is adjusted. However, by of each transistor extending
perpendicularto the pow-  normalising the channel widths, a set of mask
pat- er source wiring characterised in that the channel  terns may be
prepared in advance and correction of width of the or each input transistor
of at least one of  the mask pattern can be effected simply by replacing 3
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with another which has already     output terminal 135 and contacts 145
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been prepared. The time needed for such correction  circuit of Figure 2.
can thus be much reduced.                               The interval L is
determined by a design peculiar The present invention will be described
further,  to the the process and, in this embodiment, is 5 [err]. by way of
example, with reference to the accompany-   5   The channel width [err] of
the P-channel output tran- ing drawings, in which:-
sistor and the channel width WON of the N-channel Figure 1 is a diagram
showing the structure of a  output transistor are determined by estimating
the logical cell of a semi-conductor integrated circuit  parasitic
capacitance of aluminium wiring driven by according to the present
invention;              the output of the logical cell, and FO number. In
this Figure 2 is a circuit diagram of the logical cell  10  instance, [err]
is 20 [err], and[err]is 12 [err] The chan- shown in Figure 1;
nel width [err] of the P-channel input transistors is 12 Figure 3 is a
diagram showing the structure of a  [err] while the channel width WIN of
the N-channel input further embodiment of a logical cell of a semi-
transistors is 4 [err]. conductorintegrated circuit according tothe pres-
The penetrating current [err]of the P-channel input ent invention;
15  transistors in this instance as calculated from Equa- Figure 4 is a
circuit diagram of the logical cell  tion (2) is as follows: shown in
Figure 3;                                  [err] Figure 5 is a plan view
showing basic cell compo-      [err] nents for use In the logical cells of
Figures 1 and              (3) 3;
20  where the amplification factor of the electric current Figure 6 is a
circuit diagram showing another log-  [err] of the P-channel input
transistors per unit length ical cell containing multi-stage input and
Inter-  Is 15 [err], the source potential VDD is 5 V and mediate
transistors;                            the threshold voltage Vth is 0.1 x
VDD. Figure 7 is a diagram showing the structure of a    By contrast, in
the prior art as shown in Figure 7, logical cell of a conventional
semi-conductor inte-  25  the penetrating current is of the P-channel input
tran- grated circuit having a conventional gate array ar-  sistors, whose
channel width [err]is the same as the rangement; and
channel width Wp of the output transistors and is Figure 8 is a diagram
showing the structure of the  hence 20 [err] is as follows: same logical
cell having a manually designed ar-       [err] rangement.
so                    = 300 [err] Figure 1 shows the structure of a logical
cell of a  Accordingly, in the present embodiment, the semi-conductor
Integrated circuit according to the  penetrating current [err] can be
reduced by about 40% present invention, having insulated gate transistors.
as compared with the corresponding conventional ar- As shown here,
P-channel input transistors 101, 102,  rangement. and a P-channel output
transistor 105, N-channel In-  35  The delay time of the logical cell
between the puttransistors 111, 112 and an N-channel outputtran-  supply of
an input and the generation of an output is sistor 115 are arranged at
regular intervals L along  expressed as follows: power source wirings 141
and 142, which supply a                   Tdr = Tif + Tor source potential
[err] and a ground potential Vss, re-             Tdf = Tir + Tof (5)
spectively. The N-channel transistors 111, 112 and   40   where Tdrand Tdf
are, respectively, the delay time of 115 are formed in a P-type well. The
transistors 101  the rise and the delay time of the fall in the signal be-
to 115 are arranged with their channel widths [err]  tween the input and
the output; Tif and Tir are the de- [ERR] WIN and WON extending In a
direction at right an-  lay time of the fall in the signal and the rise in
the sig- gles to the power source wirings 141 and 142.       nal across the
Input transistors, respectively; and Tor The logical circuit shown in
Figure 1 constitutes   45  and Tof are the delay time of the rise in the
signal and an OR circuit Illustrated in Figure 2. Two input signals  the
fall in the signal across the output transistors, re- are impressed on the
P-channel input transistors 101  spectively. and 102, which are connected
in series, and also on     The delay time of each transistor Is expressed
by the N-channel input transistors 111 and 112, which  the transition
period tand the delay[ERR] ofa transistor. are connected in parallel,
through input terminals 131   50   Assuming that the lag times of each
transistor are the and 132 by way of polysilicon gate electrodes 120.
same, the delay time Tdf is as follows: The outputs of the input
transistors are applied to the       Tdf = [err] P-channel output
transistor 105 and the N-channel   Introducing the approximation for the
transition peri- output transistor 115, the drains of these transistors  od
given in Equation (1) above, the delay time Tdf being connected to an
output terminal 135 via alumi-  55   may be expressed as follows: nium
wiring 143. In this way, the transistors together     [err] with the
polysilicon gate electrodes 120, the alumini-       * 4 x CL/ [err] um
wiring 143, the input terminals 131 and 132, the                  [err] 4
7                   EP 0 453 279 B1                 8 where [err]is the
parasitic capacitance on an input tran-  The other aspects of the structure
are the same as sistor and is the sum of the wiring capacitance within  in
the logical cell shown in Figure 1 and hence will not 



the cell and the capacitance of the next transistor, CL  be described
further. The channel width [err] is bigger is the sum total of the
parasitic capacitance on the  in this embodiment than in that of Figure 1
In order to output transistors, namely the sum total of the capac-   5
compensate for an increase in the transition period itance of the aluminium
wiring connecting the cell and  [err] since the transition period [err] is
Inversely propor- the next cell with the parasitic capacitance on the out-
tional to [err]as shown by Equation (1), it in- put of this cell, or the
capacitance of the aluminium  creases as the number n of P-channel
transistors in wiring times the number of cells connected to this cell
series increases (from two in Figure 1 to three in this (i.e. the FO
number); and [err]is the amplification fac-  10  embodiment). It is thus
desirable to increase the torforthe electric currentof the N-channel input
tran-  channel width of the P-channel Input transistors, with- sistors per
unit length. Assuming here that [err]is 30  in certain limits imposed
according to the channel [err]and  width of the corresponding output
transistor, as the using the values given above for [err]namely 15
number n in the series increases. [err]and for the source potential VDD,
namely 5   15  Furthermore, in this instance, the P-channel out- V, Tdf can
be calculated from Equation (7) as follows:  put transistor has a channel
width determined by nor- Tdf = 4 x 0.1 /(15 x 12/2 x 5)            malising
the channel width [err]employing the follow- + 4 x 1.0/(30 x 12/1 x 5)
ing correlation function: + 3x0.3                                     [err]
= 4.0 ns  (8)                 20  where k (n) is a correlation
co-efficient, which is 2.5 where the channel width [err]of the P-channel
Input  when n = 1, which is 1.67 when n = 2, which is 1.25 transistors is
12 [err] and the channel width [err] is also  when n = 3, and which is 1.0
when n = 4. Note that, 12 [err].
in this instance, the co-efficient is set assuming that On the other hand,
in the prior art as shown in Fig-  the maximum number in the series Is
four, but the co- ure 7, the channel width [err] of the P-channel input  25
efficient can be changed depending on this maximum transistors is 20 [err]
being the same as the channel  number in practice and so on. width [err]of
the P-channel output transistor. Calcu-   By means of Equation (10), the
size of each tran- lated in the same way as mentioned above:
sistor and the associated parts may be normalised Tdf = 4 x 0.1 /(15 x 20 /
2 x 5)          into basic cell components as shown in Figure 5. For + 4 x
1.0/(30 x 12/1 x 5)          30  example a P-channel Input transistor may
have a ba- + 3 x 0.3                        sic cell component 405 with a
channel width [err]of 8 = 3.6 ns  (9)                      [err]when n = 1;
a basic cell component 406 with a This would suggestthatthe delaytime In
the prior  channel width [err] of 12 [err] when n = 2; a basic cell art is
reduced by about 10% as compared with the   component 407 with a channel
width [err]of 16 pm present embodiment of the invention. Nevertheless,  35
when n = 3; and a basic cell component 408 with a in Equations (8) and (9),
the value [err]is about 0.1.  channel width [err]of 20 pm when n = 4. A
similar In practice, however, this value is imcomparably   range of basic
cell components serves for the output smaller in an actual integrated
circuit. Accordingly,  transistors. In the case of the N-channel
transistors, the disparity in delay time will in practice be less than  it
is possible to prepare in advance a similar range of suggested above.
Hence, the logical cell according to  40  basic cell components 416 to 149.
The cell compo- the invention can be expected to realise about the  nents
401 to 404 and 411 to 415 provide respectively same delay time as that of
the conventional logical  a source and a drain corresponding to the above
ba- cell, whilst by contrast allowing increases in electric  sic transistor
cell components, and the cell compo- power consumption to be controlled.
nents 421 to 426 provide corresponding polysilicon Figure 3 shows the
structure of a logical cell, in  45  gate electrodes. By constructing a
logical cell using the form of an OR circuit having three inputs, of an-
these basic cell components, a change In the struc- other semi-conductor
integrated circuit according to  ture of the logical cell can be effected
simply by se- this invention. The corresponding OR circuit is shown
lecting amongst cell component designs prepared in in Figure 4. In this OR
circuit, three P-channel input  advance. In particular, mask patterns
corresponding transistors 101, 102 and 103 are connected in series  50  to
the above basic cell components can be prepared and three N-channel input
transistors 111, 112 and  in advance for use in the manufacture of a semi-
113 are connected in parallel. Accordingly, as shown  conductor integrated
circuit. Then, when the structure in Figure 3, in the structure of the
cell, an extra pair  of the logical cell is determined or altered, an
appro- of input transistors is added to make two lines of three  priate
mask pattern can readily be produced In a short input transistors.
Furthermore, the channel width [err] 55  time using the mask patterns
prepared beforehand. of the P-channel Input transistors is 16 [err] which
is  Alterations can, therefore, beflexibly accommodated. bigger than the
channel width [err] of the P-channel in-  The present invention may also be
applied to a put transistors of the logical cell shown in Figure 1.
logical cell having a complicated structure such as 5    9
EP0453279 B1                      10 that shown in Figure 6 and containing
intermediate      lated gate transistors (111, 112, 115) of a second
transistors providing an intermediate logic for proc-
electric-conductivity type providing further input essing input signals in
addition to transistors ar-     and output transistors, the transistors
being 



ranged for directly receiving input signals. In this type  formed at
regular intervals along respective pow- of cell, the channel width of the
intermediate transis-   5  er source wirings (141, 142) with the channel
tors may be narrower, and so the penetrating current    width of each
transistor extending perpendicular of the intermediate transistors will be
reduced. More-  to the power source wiring, the channel width of over, the
parasitic capacitance on the transistors di-  the or each Input transistor
of at least one of the rectly receiving the input signals reduces, and so
the  first and second electric-conductivity types being delay time of these
transistors can be shortened to  io  less than the channel width of the or
each output correspond with that in the conventional cell struc-
transistor of said at least one electric-conductiv- ture. Hence, by
applying the invention to a cell real-  ity type, and the gate electrode of
the or each in- ising a complicated logical circuit it is possible to con-
put transistor being parallel to that of the or each trol even further the
increase of the electric power    output transistor. consumption whilst at
the same time shortening the   15 delay time. By reducing the channel width
of the re-  2. A semi-conductor integrated circuit according to spective
transistors, charging and discharging cur-     claim 1 characterised in
that at least one respec- rent and short circuit currentwlthin the cell can
be ex-  tive power source wiring has a plurality of input pected to be
reduced. This, it is anticipated that the  transistors having the same
channel width electric power consumption in such a semi-conductor  20
formed there-along. chip may be reduced to about half of that in the con-
ventional chip.                                     3. A semi-conductor
Integrated circuit according to Of course, various modifications can be
made in     claim 2 characterised in that the channel width of the
embodiments described above. For example, al-      the inputtransistors
formed along atleast one re- though the gate electrodes are described as
being   25  spective power source wiring is increased as the made from
polysilicon, they can be made from vari-       number of input transistors
is increased. ous metals. Further, neither the arrangement interval L nor
the the channel widths given are to be taken as  4. A semi-conductor
integrated circuit according to specified. The correlation function K
(errn) is not      claim 3 characterised in that the channel width of fixed
either. The P-channel transistors and the N-  30  the input transistors
formed along at least one re- channel transistors can be reversed, and the
well do-   spective power source wiring is defined on the main can be on
the P-channel side instead of the N-     basis of acorrelationfunction
having asvariables channel side as described. Also, the invention can be
the channel width of the or each output transistor applied to various
logical circuits otherthan an OR cir-  formed along the respective power
source wiring cuit.                                          35       and a
correlation coefficient which is dependent By forming the transistors of a
logical cell at reg-  on the number of said serially connected transis-
ular intervals along the associated power source wir-  tors, the
correlation coefficient decreasing as the ing and making the channel width
of the Input transis-  number of transistors increases and wherein the tors
narrower than that of the output transistors, the  channel width of the or
each output transistor is present invention enables the operation speed of
the   40  given by the product of the channel width of the cell to be
increased whilst controlling increases in   respective input transistor and
said correlation electric power consumption. The invention may thus
coefficient. provide a semi-conductor integrated circuit which Is
especially suitable for use in a device, such as a lap  5. A process for
manufacturing a semi-conductor in- top computer, having a limited electric
power supply.  45  tegrated circuit having a logical cell comprising in-
Furthermore, by normalising orstandardising the     sulated gate
transistors (101, 102, 105) of a first channel width of the transistors
with a correlation     electric conductivity type providing input and out-
function so as to provide a set of basic cell compo-    put transistors,
and insulated gate transistors nents, correctionsoralterations in
thestructureofthe    (111, 112, 115) of a second electric conductivity
logical cell can be accommodated easily and quickly.  50  type providing
further input and output transis- tors, which transistors are formed at
intervals along respective power source wirings (141, Claims
142), comprising: forming the transistors, such that their channel widths
extend perpendicular to 1. Asemi-conductor integrated circuit having a log-
55  the powersource wirings and such that the chan- ical cell comprising
insulated gate transistors of a  nel width of the or each input transistor
of at least first electric-conductivity type (101, 102, 105)    one of the
first and second electric-conductivity providing input and output
transistors, and insu-   type is less than the channel width of the or each
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regular intervals along respective pow- 



of cell, the channel width of the intermediate transis-   5  er source
wirings (141, 142) with the channel tors may be narrower, and so the
penetrating current     width of each transistor extending perpendicular of
the intermediate transistors will be reduced. More-,  to the power source
wiring, the channel width of over, the parasitic capacitance on the
transistors di-   the or each input transistor of at least one of the
rectly receiving the input signals reduces, and so the   firstand second
electric-conductivity types being delay time of these transistors can be
shortened to  10  less than the channel width of the or each output
correspond with that in the conventional cell struc-     transistor of said
at least one electric-conductiv- ture. Hence, by applying the invention to
a cell real-   ity type, and the gate electrode of the or each in- ising a
complicated logical circuit, it Is possible to con-  put transistor being
parallel to that of the or each trol even further the increase of the
electric power     output transistor. consumption whilst at the same time
shortening the   15 delay time. By reducing the channel width of the re-
2. A semi-conductor integrated circuit according to spective transistors,
charging and discharging cur-      claim 1 characterised in that at least
one respec- rent and short circuit current within the cell can be ex-  tive
power source wiring has a plurality of input pected to be reduced. This, it
is anticipated that the   transistors having the same channel width
electric power consumption in such a semi-conductor   20  formed
there-along. chip may be reduced to about half of that in the con-
ventional chip.                                      3. A semi-conductor
integrated circuit according to Of course, various modifications can be
made in      claim 2 characterised in that the channel width of the
embodiments described above. For example, al-        the input transistors
formed along at least one re- though the gate electrodes are described as
being   25   spective power source wiring is increased as the made from
polysilicon, they can be made from vari-        number of input transistors
is increased. ous metals. Further, neither the arrangement interval L nor
the the channel widths given are to be taken as  4. A semi-conductor
integrated circuit according to specified. The correlation function K (Won)
is not       claim 3 characterised in that the channel width of fixed
either. The P-channel transistors and the N-   30  the Input transistors
formed along at least one re- channel transistors can be reversed, and the
well do-    spective power source wiring is defined on the main can be on
the P-channel side instead of the N-      basis of a correlationfunction
having asvariables channel side as described. Also, the invention can be
the channel width of the or each output transistor applied to various
logical circuits otherthan an OR cir-  formed along the respective power
source wiring cuit.                                           35       and
a correlation coefficient which is dependent By forming the transistors of
a logical cell at reg-  on the number of said serially connected transis-
ular intervals along the associated power source wir-    tors, the
correlation coefficient decreasing as the ing and making the channel width
of the input transis-   number of transistors Increases and wherein the
tors narrower than that of the output transistors, the   channel width of
the or each output transistor is present invention enables the operation
speed of the   40  given by the product of the channel width of the cell to
be increased whilst controlling increases in     respective Input
transistor and said correlation electric power consumption. The invention
may thus       coefficient. provide a semi-conductor integrated circuit
which is especially suitable for use in a device, such as a lap  5. A
processfor manufacturing a semi-conductorin- top computer, having a limited
electric power supply.  45  tegrated circuit having a logical cell
comprising in- Furthermore, by normalising or standardising the     sulated
gate transistors (101, 102, 105) of a first channel width of the
transistors with a correlation      electric conductivity type providing
input and out- function so as to provide a set of basic cell compo-     put
transistors, and insulated gate transistors nents, corrections
oralterations in the structure of the  (111, 112, 115) of a second electric
conductivity logical cell can be accommodated easily and quickly.  50  type
providing further input and output transis- tors, which transistors are
formed at intervals along respective power source wirings (141, Claims
142), comprising: forming the transistors, such that their channel widths
extend perpendicular to 1. A semi-conductor integrated circuit having a
log-  55  the power source wirings and such that the chan- ical cell
comprising insulated gate transistors of a  nel width of the or each input
transistor of at least first electric-conductivity type (101, 102, 105)
one of the first and second electric-conductivity providing input and
output transistors, and insu-    type is less than the channel width of the
or each 6 1111111 111111 1111 11111 11 1111    11                  EP 0 453
279 B1                  12 output transistor of said at least one
electric-on-  Bigen Intervallen langs jeweiliger Energiequel- ductivity
type, employing a mask pattern having     lenverdrahtungen (141, 142)
gebildet sind, wobei a standardised set of transistor pattern sizes, the
die Kanalweibt jedes Transistors orthogonal zu gate electrode of the or
each input transistor be-  der Energlequelleverdrahtung verlauft, wobei die



ing made parallel to that of each output transistor.   5  Kanaiweite des
oder jedes Eingangstransistors wenigstens eines der ersten und zweiten
elektri- 6. A semi-conductor integrated circuit having a log-    schen
Leitfahigkeitstypen kieiner als die Kanal- ical cell comprising insulated
gate type transis-   weite des oder jedes Ausgangstransistors des tors
(101, 102, 105) of a first electric conduction  wenigstens einen
elektrischen Leitfahigkeitstyps type and insulated gate transistors (111,
112,  10  ist und wobel die Gate-Elektrode des oderjedes 115) of a second
electric conduction type, where-   Eingangstransistors parallel zu
derjenigen des in said transistors are composed of output tran-    oder
jedes Ausgangstransistors ist. sistors (105, 115) and inputtransistors
(101, 102, 111, 112) generating signals applied on said out-  2.
Integrierte Halbleiterschaltung nach Anspruch 1, put transistors, said
transistors being formed at  15  dadurch gekennzeichnet, daB lings
wenigstens regular intervals along a power source wiring
einerjeweiligen Energiequellenverdrahtung sine (141, 142) so that the
channel widths of said out-  Mehrzahl von Eingangstransistoren gebildet
ist, put and input transistors may be at right angles to  welche die
gleiche Kanalwelte aufweisen. said power source wiring, the channel width
of said input transistors being narrower than that of  20  3. Integrierte
Halbleiterschaltung nach Anspruch 2, said output transistors of the same
conductivity    dadurch gekennzeichnet, dae die Kanaiweite der type.
Ifings wenigstens elner jeweiligen Energiequel- lenverdrahtung gebildeten
Eingangstransistoren 7. A semi-conductor integrated circuit according to
mit zunehmender Zahl der Eingangstransistoren claim 6 characterised in that
the input transistors  25  grffier wird. along a respective power source
wiring are con- nected in series, and in that the channel width of  4.
Integrierte Halbleiterschaltung nach Anspruch 3, said input transistors is
defined on the basis of a  dadurch gekennzeichnet, dal die Kanalweite der
correlation function having as variables the chan-  langs wenigstens einer
jeweiligen Energiequel- nel width of the or each output transistor formed
3o  lenverdrahtung gebildeten Eingangstransistoren along the respective
power source wiring and a      auf Basis elner Korrelationsfunktion
festgelegt correlation coefficient which is dependent on the   ist, welche
als Variablen die Kanalweite des oder number of said serially connected
transistors, the  jedes langs der jeweiligen Energiequelienver- correlation
coefficient decreasing as the number    drahtung gebildeten
Ausgangstransistors und ei- of transistors increases and wherein the
channel  35  nen Korrelationskoeffkzienten aufweist, der von width of the
or each output transistor Is given by  der Zahl der in Reihe geschalteten
Transistoren the product of the channel width of the respective  abhangt,
wobei der Korrelationskoeffizient mit input transistor and the correlation
coefficient.   zunehmenderZahl derTransistoren abnimmtund wobel die
Kanalweite des oderJedes Ausgangs- 8. A manufacturing process of a mask
pattern used   40  transistors durch das Produktder Kanalweite des in
producing the semiconductor integrated circuit   jeweiligen
Eingangstransistors und des Korrela- according to claim 7 characterised in
that the pat-  tionskoeffizienten gegeben ist. tern normalised with said
correlation function Is used as said mask pattern of said input and out-
5. Verfahren zum Herstellen einer integrierten Halb- put transistors.
45      leiterschaltung mit elner logischen Zelle, welche als Eingangs- und
Ausgangstransistoren vorge- sehene Transistoren mit isollertem Gate (101,
Patentanspriiiche                                       102, 105) eines
ersten elektrischen Leitfahig- keitstyps sowie als weitere Eingangsund Aus-
1. Integrierte Halbleiterschaltung mit einer logi-  5o  gangstransistoren
vorgesehene Transistoren mit schen Zelle, welche als Eingangs- und Aus-
isoliertem Gabt (111, 112, 115) eines zweiten gangstransistoren vorgesehene
Transistoren mit      elektrischen LeitfAhigkeitstyps umfait, welche
isoliertem Gate sines ersten elektrischen Leitfa-   Transistoren In
Intervallen langs jeweiliger Ener- higkeitstyps (101, 102, 105) sowie als
weitere      giequellenverdrahtungen (141, 142) gebildet Eingangs- und
Ausgangstransistorenvorgesehe-  55    sind, umfassend: Bilden der
Transistoren derart, ne Transistoren mit Isoliertem Gate (111, 112,
daB ihre Kanalweiten orthogonal zu den Energie- 115) eines zweiten
elektrischen Leltfahigkeits-     quellenverdrahtungen verlaufen und daBi
die Ka- typs umfa~t, wobel die Transistoren in regelmi-     nalwelte des
oderjedes Eingangstransistors we- 7 * C   L   M   S *    13
EP 0 453 279 B1                 14 nigatens eines der ersten und zweiton
elektri-  Revendicatlons schen Leltfihikeitstypen Wieiner als die Kanal-
weits des oder jedes Ausgangstransistors des    I. Circuit integre A
semi-conducteur comprenant wenigstons eonen elektrlschen Leitfihigkoitstyps
une cellule logique constituee par des transistors 



ist, und Verwenden elner Maskenvorlage mit e0-   5  A gichetto isolee (101,
102, 105) d'un premier nem standardisioertn Satz von Transistorvorla-
type de conductivite electrique constituant des gengraoen, wobel die
Gato-Elektrode des odor       condensatours d'entroe et de sortie, et des
tran- Jedes Eingangstransistors parallel zu deojenigen   sistors A gichetto
isol6e (111, 112, 115) d'un se- jedes Ausgangstransistors gemacht wird.
cond type de conductivite electrique constituant 10      d'autres
transistors d'entree et de sortie, les 6. Integrierte Halbleitorsehaltung
mit einer logi-    transistors etant formes A intervalles regullers le
schen Zelle, welche Transistoren vom Typ mit Iso-  long de cablages
respectifs (141, 142) de source liertem Gate (101, 102, 105) oines erston
elektri-  d'alimentation, la largeur du canal de chaque schen Leitungatyps
sowle Transistoren mit iso-    transistor etant orientee
perpendiculairement au liertem Gate (111, 112, 115) sines zweiten elek-  15
cablage de la source d'alimentation, la largeurdu trischen Leitungstyps
umfalit, wobei die Transi-   canal du ou de chaque transistor d'entree d'au
storen aus Ausgangstransistoren (105, 115) und     moins un parmi le
premier et le second types de Eingangstransistoren (101, 102, 111, 112),
wel-    conductivite electrique etant Inf6rieure A la lar- che Signale
erzeugen, die an die Ausgangstran-     geur du canal du ou de chaque
transistor de sor- sistoren angelegt worden, zusammengesetzt  20     tie du
ou d'au moins un premier type de conduc- sind, wobei die Transistoren in
regelmfiigen In-  tivite dlectrique, et l'electrode de gachetto du ou
tervallen lings einer Energiequellenverdrahtung    de chaque transistor
d'entree etant parallile A (141, 142) gebildet sind, so daB die Kanalweiton
eello du ou de chaque transistor de sortie. der Ausgangs- und
Eingangstransistoren recht- winidig zu der Energiequellenverdrahtung sein
26  2. Circuit integre A semi-conducteur selon la reven- konnen, wobei die
Kanalweibt der Eingangstran-     dication 1, caracterise en e qu'au moins
un ci- sistoren keiner als diejenige derAusgangstransi-   blage
correspondent de source d'alimentation storen des gleichen
Leitfihlgkeltstyps lst.        comprend une pluralite de transistors
dentr6e ayant la mime largeur de canal, bfrmms sur sa 7. Integrierte
Halbleiterschaltung nach Anspruch 6,  30  longueur. dadurch gekennzoichnet,
daB die Eingangstran- sistoren langs elner jeweiligen Energiequellen-  3.
Circuit lntegr6 A semi-conducteur selon la reven- verdrahtung in Reihe
geschaltet sind und daB die   dicatlon 2, caracterise en ce que la largeur
du ca- Kanalweibt der Eingangstransistoren auf Basis      nal des
transistors d'entreo form6s le long d'au einer Korrelationsfunktion
festgelegt ist, welche   S5  moins un cablage correspondent de source
d'ali- als Variablen die Kanalweite des oderjedes langs   mentation
augmento au fur et A mesure que le der jeweiligen Energioquellenverdrahtung
gebil-    nombre des transistors d'entr6e augmento. deotn
Ausgangstransistors und einen Korrelati- onskoeffizienton aufweist, dervon
derZahl der in  4. Circuit intigr6 A semi-conducteur selon la reven- Reihe
geschaltoten Transistoren abhfingt, wobei  40  diceation 3, caract6riseen
ce que la largeurdu ce- der Korrelationskoeffizient mit zunohmender
nai des transistors d'entreo formes le long d'au Zahl derTransistoren
abnimmt und wobei die Ka-     moins un cablage correspondant de source
d'ali- nalweite des oder jodes Ausgangstransistors        mentation est
dMfinie suivant une fonction de durch des Produkt der Kanalwelte des
jeweiligen    correlation ayant comme variable la largeur du
Eingangstransistors und des Korrelationskoeffi-  45  canal du ou de chaque
transistor de sortie formr zlenton gogeben Ist.
le long du cablage de source d'alimentation correspondant, et un
coefficient de correlation 8. Herstellungsverfahren f~r eine bei der
Herstel-    qui depend du nombre desdits transistors lung der integrierten
Halbleiterschaltung nach     connectes en serie, le coefficient de
correlation Anspruch 7 verwendeot Maskenvorlage,       50      diminuant
quand le nombre des transistors aug- dadurch gekennzelchnet, daB als
Maskenvorla-       ments, etdans lequel la largeurdu canal du ou de go der
Eingangs- und Ausgangstransistoren die      chaque transistor de sortie eat
donnee par le pro- mit der Korrelatlonsfunktion normierte Vorlage     duit
de la largeur du canal du transistor d'entreo verwendet wird.
correspondent et dudit coefflcient de correlation. 55 5. Procede de
fabrication d'un circuit integre a semi- conducteur comprenant une cellule
logique cons- tituhe par des transistors a gichette isolde (101, 8 * C   L
M    S*    15                  EP 0 453 279 B1                  16 102,
105) d'un premier type de conductivite elec-   duit de la largeur du canal
du transistor d'entrle trique constituant des transistors d'entr6e et de
correspondant et d'un coefficient de correlation. sortie, et des
transistors a gichette isolee (111, 112, 115) d'un second type de
conductivit6 elec-  8. Proc6de de fabrication d'une configuration d'un 



trque constituantd'autres transistors d'entree et   s  masque utilis6 dans
la production du circuit inte- de sortie, lesquels transistors sont formrs
a In-   gre a semiconducteur selon la revendication 7, tervalles le long de
cablages (141, 142) des sour-  caract6rls6 en ce que la configuration
normalis6e ces d'alimentation correspondantes, compre-         avec ladite
fonction de correlation est utilisee nant: la formation des transistors, de
manibre      comme dite configuration de masque desdits qua les largeurs de
leur canal soient perpendicu-  lo  transistors d'entr6e et de sortie.
laires aux cAblages des sources d'allmentation, et que la largeur du canal
du ou de chaque tran- sistor d'entr6e d'au moins un parmi le premier et le
second types de conductivite electrique, soit inferieure A la largeur du
canal du ou de chaque   15 transistorde sortie dudit premlertype de conduc-
tivite electrique au moins, en employant une configuration de masque ayant
un ensemble nor- malls6 de dimension de configuration de transis- tor,
I'electrode de gachette du ou de chaque tran-  20 sistor d'entree etant
parallile a celle de chaque transistor de sortie. 6. Circuit int6gre A
semi-conducteur comprenant une cellule logique constitu6e pardes
transistors  25 (101, 102, 105) du type A gachette Isolee, d'un premier
type de conduction electrique et des transistors a gAchette isol6e (111,
112, 115) d'un second type de conduction electrique, dans le- quel lesdits
transistors sont composes de tran-   30 sistors de sortie (105, 115) etde
transistors d'en- tree (101, 102, 111, 112) generant des signaux appliques
auxdits transistors de sortie, lesdits transistors etant formes a
intervalles reguliers le long d'un cablage (141, 142) de source d'alimen-
35 tatlon de manibre que les largeurs des canaux desdits transistors de
sortie et d'entr6e puissant etre perpendiculalres audit cAblage de source
d'alimentation, la largeur des canaux desdits transistors d'entree etant
plus etroite que celle  40 desdits transistors de sortie du mome type de
conductivite. 7. Circuit integre a semi-conducteur selon la raven- dication
6, caracterise en ce les transistors d'en-   45 tr6e places Is long d'un
cAblage correspondant de source d'alimentation sont connectes an se- re, et
en ce que la largeur des canaux desdits transistors d'entr6e est definie
sulvant une fonc- tion de correlation ayant comma variable la lar-  6o geur
du canal du ou de chaque transistor de sor- tie forme Is long du cAblage de
source d'alimen- tation correspondant, et un coefficient de corre- lation
qul depend du nombre desdits transistors connectes en serie, le coefficient
de correlation   55 diminuant quand Is nombre des transistors aug- mentb,
etdans laquel la largeurdu canal du ou de chaque transistorde sortie est
donn6e parle pro- 9            I111111111  II111    


