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conductor and contact steps, in the fabrication pro- cess need to be
altered to rearrange the intercon- This invention relates to a method of
making    nections. By using the gate array cell approach, standard cells
and gate array cells on a common    both initial designs and later
modifications can be semiconductor chip or wafer and, more particularly,
5   obtained more quickly and cheaply than in a stan- to a method of making
logic products with optimal   dard cell design, though with some impact to
chip density while retaining the ability to implement   performance and
density when compared to that of rapid tum-around-time for design changes.
the standard cell. Gate array cells are discussed in There are two major
classes of cells, some-     some detail in U. S. patents No. 4,412,237 by
N. times called application specific integrated circuits  io   Matsumura et
al, filed on December 11, 1978 and (ASIC), commonly used to allow designers
to place  issued on October 25, 1983, and No. 4,589,007 by large numbers of
logic circuits on a single or com-  S. Kuboki et al, filed September 6,
1983, and mon very large scale integrated (VLSI) chip. One of  issued May
13, 1986, and in commonly assigned these classes or types of cells is known
as a      U. S. patent application having Serial No. 814,122, standard
cell, wherein each logical function, which   is  filed on December 27,
1985, by J. Blachere et al may be referred to as a book, is implemented as
a  and entitled, 'Multi-Functional Pre-diffused Arrays custom designed
circuit which can then be placed   in CMOS Technology." in a predefined
area or cell boundary anywhere on      In a standard cell design, each book
or func- ,   the chip and be wired to other functions, circuits or  tional
circuit is laid out on the surface of the chip books. In this standard cell
approach, the sizes of  2o  within one or more cells following boundary
restric- the devices or transistors and the layout of the   tions defining
active circuit areas which allow it to circuits are optimized for each
logical function or  be placed next to any other book or member of the book
so that density and performance characteris-  library without interference
between them. The tics are nearly comparable to a custom designed
boundary restrictions are determined by ground chip. In the standard cell,
most or all steps in the   25  rules dependent upon the technology used to
make fabrication of the wafer or chip are personalized for  the chip. In
standard cell chips the region between each particular design. Thus, if any
changes are to  active circuit areas is generally converted into an be made
to the design, an entirely new mask must   insulating region, such as a
thick oxide, to provide be made for every personalized step in the fabrica-
isolation between books. In gate array cell design, tion process and the
fabrication must again begin  30  each book is also laid out on the surface
of the from a bare semiconductor, e.g., silicon, wafer.   chip within one
or more cells except that each Standard cells are discussed in some detail
in an  book is essentially only an arrangement of inter- article entitled,
"HAPPI: A Chip Compiler Based On  connections to the transistors located
within the Double-Level-Metal Technology" by R. Putatunda     one or more
cells, but again each book must not et al, 23rd Design Automation
Conference, paper  35  interfere with a neighboring or adjacent book or
41.4, pp. 736-743, 1986, and in an article entitled,  circuit. Gate arrays
typically use gate or electrical "Philo, A VLSI Design System," by R.
Donze,        isolation techniques rather than oxide isolation to Design
Automation Conference, Las Vegas, NV,       prevent adjacent books from
interfering with each June 1982, pp. 163-169.
other. In the gate isolation technique, interconnec- In contrast to the
standard cell, gate array cells  40  tions are included in each book to
turn off the are not personalized until the fabrication process  background
transistors at one end of the book so reaches the first contact level to
the conductive  as to electrically isolate adjacent diffusion nodes or
material which interconnects the devices or transis-  regions. The gate
isolation technique has been tors in the gate array cell for a particular
design.  shown to provide improved density over that ob- That is, a gate
array chip is formed by making   45  tained by placing thick oxide
isolation between rows of transistors, P-channel and N-channel tran-
adjacent diffusion nodes or regions, because the sistors if complementary
metal oxide semiconduc-   book designer is provided increased flexibility
tor (CMOS) technology is used, arranged in cells   when connecting
transistors for a particular circuit. on the surface of the chip. For each
discrete logic  Gate or electrical isolation is discussed in some function
available in the library of books for the   so  detail in U. S. Patents No.
4,562,453 by T. Noguchi chip, a personality of conductors is defined in a
et al, filed November 8, 1982, and issued Decem- known manner which
interconnects the devices or    ber 31, 1985, and No. 4,570,176 by K. D.
Kolwicz, transistors located within one or more cells to per-  filed April
16, 1984, and issued February 11, 1986. form a desired function, such as
inverting or latch-  In U. S. Patent No. 4,513,307 by J. L. Brown, ing. Any
logical function implemented on the gate  55  filed May 5, 1982, and issued
April 23, 1985, there array chip uses the same set of background de-     is
disclosed a CMOS gate array which uses two vices or transistors and, if any
changes are to be  different cell layouts on the same chip to improve made
in the circuit, only the last few steps, the  the utilization of background
transistors. The gate 3    
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continuing pattern of two sets of  array cells having an active circuit
area spaced at three series connected transistors in a cell sur-   least
the given distance from the boundary on one rounded by cells each
containing two single tran-   side of its associated cell location and
extending sistor gates of each channel type.                  beyond the
boundary on the side of its associated An intermix of cells or circuits on
a common    5   cell location opposite to that of the one side for a hip to
improve performance and to reduce the       distance at least equal to the
given distance to occupation area of semiconductor circuits is dis-
contact the active circuit area of an adjacent one of closed in Japan
Patent 60-177650 dated Septem-      the plurality of gate array cells and
extending within ber 11, 1985. Other references disclosing an inter-  the
opposite boundary so as to be spaced there- mix of cells or circuits may be
found in IEEE 1985   10  from by at least the given distance when one of
the Custom  Integrated Circuits Conference, pp. 252-    standard cells is
disposed adjacent to the opposite 257, "Structured Arrays - A New ASIC
Concept        boundary. Provides the Best Gate Arrays and Cell Based
The foregoing and other objects, features and Custom" by R. Walker et al
and in IEEE 1986         advantages of the invention will be apparent from
Custom  Integrated Circuits Conference, pp. 565-  15  the following more
particular description of pre- 567, "Configurable 6845 Megacell
Incorporated       ferred embodiments of the invention, as illustrated With
2 UM CMOS Gate Array" by K Pierce et al.       in the accompanying
drawings. As can be appreciated, the design and fabrica-      Fig. 1   is a
plan view illustrating the topology tion of any of the dense logic chips
referred to                of a semiconductor chip generally hereinabove
requires very complex processes. To   20            populated with standard
cells, assist in these processes, a considerable number       Fig. 2   is
an enlarged plan view illustrating a of process steps have been automated
and con-                   circuit formed in one of the standard trolled by
computers. Some procedures and equip-                cells of Fig. 1. ment
used to assist in the fabrication of such logic   Fig. 3   is a plan view
illustrating the topology chips is disclosed, e.g., in Proceedings of the
IEEE   25       of a known gate array cell with a con- International
Conference on Computer Design, pp.               ventional cell boundary,
221-224, October 7-10, 1985, "A Software Environ-      Fig. 4   is a plan
view illustrating the topology ment for Building Core - Microcomputer
Compil-                  of a full gate array cell with a cell ers" by T.
G. Matheson et al, and in Electronic                 boundary as defined by
the teachings Design,  pp.  135-142,  December  12, 1985,  30
of this invention, "Programming Language Makes Silicon Compila-
Fig. 5   is a plan view illustrating the topology tion A Tailored Affair"
by M. R. Burich.                        of an end gate array cell with a
cell In the logic design technology, it is desirable to          boundary
as defined in Fig. 4 by the provide standard cells with the highest
possible               teachings of this invention, circuit density and
high utilization of chip surface   35  Fig. 6   is a plan view illustrating
a mix of area while providing a process or method which
standard cells and gate array cells on can rapidly modify sections of the
chip as required             a common chip arranged in accor- without
significantly altering the original standard            dance with the
teachings of this inven- cells.
tion, It is, therefore, an object of this invention to  40  Fig. 7   is a
plan view illustrating a mix of provide a method of making a logic chip
with a                 standard cell and gate array cell high utilization
of chip surface area, with high per-          input/output (I/O) circuit
locations ar- formance and with high circuit density, yet de-
ranged in accordance with the teach- signed with rapid hardware turn-around
time.                   ings of this invention, In accordance with the
teaching of this inven-  45  Fig. 8   is a more detailed plan view
illustrat- tion, a method or process is provided for making a
ing one standard cell input/output (I/O) logic chip which includes the
steps of defining a               circuit location, and plurality n of cell
locations, each having a bound-    Fig. 9   is a more detailed plan view
illustrat- ary, within a semiconductor chip, forming standard
ing one gate array cell input/output cell circuits within n - x of the
plurality n of cell  5o      (I/O) circuit location. locations, where x is
a smaller number than n, x        Referring now to Fig. 1 of the drawings
in more cell locations being unoccupied, each of the stan-  detail, there
is illustrated in plan view a standard dard cell circuits being disposed
within an active  cell chip 10 for forming logic circuits in CMOS circuit
area spaced at least a given distance from  technology. The chip includes
inner cell locations the boundary of its associated cell location, and   55
12 wherein logic circuits, such as NANDs, inverters forming a plurality of
gate array cells within the  and latches, are made and outer cell locations
14 unoccupied cell locations, the plurality of gate array  wherein
input/output (I/O) circuits are provided. A cells being equal to or less
than x, each of the gate  guard ring 16 is formed along the periphery of
the 4    
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manner so as to eliminate or       and C and P-type source/drain diffusion
regions minimize latchup problems associated with CMOS     50A, B, C and D.
It can be seen from Fig. 3 of the circuits. In a preferred embodiment of
the chip, the  drawings that the diffusion regions 46A, 46D, 50A body of
the chip or substrate 10 is made of P-type  and 50D extend to or beyond the
boundary 18 silicon and the guard ring 16 includes an N-type   5   along
the vertical edges of the gate array cell impurity. The letter S in the
cell locations 12 and  shown in Fig. 3. 14 indicates that a standard cell
circuit has been    Fig. 4 shows a gate array cell 54 similar to that
formed in that location and the letter U in the cell  of Fig. 3 but with
the boundary 18 shifted to the left locations 12 and 14 indicates cell
locations that are  so as to provide a space between the diffusion unused
due to the nature of the particular circuits  10  regions 46A and 50A and
the boundary equal to or required in the standard cell chip 10. Each of the
greater than the given distance indicated in Fig. 2 inner cell locations 12
has a boundary defined by  of the drawings which separates the boundary 18
lines 18 and each of the outer cell locations 14 has  from the active
circuit area border 24, thus, provid- a boundary defined by lines 20.
Although not       ing at least another 1/2 ground rule separation shown,
it should  be  understood  that the   15  between the active circuit area
in the gate array input/output (I/O) circuits in the outer cell locations
cell and the boundary 18 in Fig. 4 of the drawings. 14 are interconnected
with the logic circuits formed  It can now be seen that when the gate array
cell 54 in the inner cell locations 12. A particular logic  is placed
adjacent on its left side to a standard cell, circuit occupying one of the
inner cell locations 22  a full ground rule distance, or two 1/2 given dis-
will be described in more detail hereinbelow.  20  tances, separates the
active circuit area of the In Fig. 2 of the drawings, there is shown in
standard cell from the active area of the gate array some detail an example
of a standard cell circuit, in  cell 54. Consequently, the gate array cell
54 can this instance an inverter circuit, disposed within the  now be
placed on the right side of an adjacent inner cell location 22 in the chip
10 illustrated in  standard cell without interfering with the circuit Fig.
1. An active circuit area having a border 24 is  25  function contained
within the standard cell. It can disposed within the boundary 18 of the
inner cell  also be seen that additional gate array cells having location
22 except at the upper portion of the     a boundary as indicated in Fig. 4
may be placed in location 22 where logic service terminals 26 are   a
compatible manner adjacent to the right side of disposed so as to be
connected to other logic      the gate array cell 54 to provide a row of
gate array service terminals located at other cell locations. A   3o  cells
of any given length with a standard cell dis- given distance is provided
between the cell location  posed adjacent to and abutting the leftmost gate
boundary 18 and the active circuit area border     array cell of the row.
depending upon the technology used to make the         Fig. 5 shows a gate
array cell 56 similar to that circuits in the chip 10. The given distance
may be  of Fig. 4 but with the rightmost gate electrodes 44C considered to
be 1/2 the distance of an established   35  and 48C of Fig. 4 removed and
with the rightmost ground rule. As can be seen in Fig. 2, the inverter
diffusion regions 46D and 50D of Fig. 4 also re- in cell location 22
includes a gate electrode 28,  moved. Thus, the gate array cell of Fig. 5
has only which is preferably made of doped polysilicon, and  two N-channel
transistors which include gate elec- N + source and drain regions 30 and
32, respec-    trodes 44A and 44B and diffusion regions 46A, 46B tively, to
form an N-channel transistor 34, and P-  40  and 46C' and two P-channel
transistors which in- type source and drain regions 36 and 38, respec-
dude gate electrodes 48A and 48B and diffusion tively, to form a P-channel
transistor 40. Metal   regions 50A, 50B and 50C' disposed within the
segments 42 are provided to make appropriate       boundary 18. It should
be noted that the distance electrical connections.
between the rightmost diffusion regions 46C and In Fig. 3 of the drawings,
there is illustrated a   45  50C' and the boundary 18 should be at least
equal known gate array cell, e.g., of the type disclosed in  to the given
distance as discussed in connection the hereinabove referenced commonly
assigned U.    with the given distance required between the bor- S. patent
application Serial No. 814,122, having a  der 24 of the active circuit area
of the standard cell boundary similar in shape and size to that indicated
shown in Fig. 2 and the boundary 18. Accordingly, in Figs. 1 and 2 at 18
and, therefore, identified by   so  it should be noted that the array cell
56 of Fig. 5, the same reference number 18. Formed within the    which may
be considered as an end gate array gate array cell are three N-channel
field effect   cell, can be disposed at its right side adjacent to
transistors and three P-channel field effect transis-  and abutting a
standard cell without interfering with tors. The three N-channel field
effect transistors  the circuit function contained with the adjacent
include doped polysilicon gate electrodes 44A, B   55  standard cell. The
rightmost diffusion regions 46C' and C and N+ source/drain diffusion
regions 46A,   and 50C' of Fig. 5 may extend up to the given B, C and D and
the three P-channel transistors     distance from the boundary 18 but must
be at least include doped polysilicon gate electrodes 48A, B   wide enough
so that an appropriate electrical con- 5    



7                 EP 0 283 655 B1                      8 tact may be made
thereto.                           transistors of the inpu/output (I/O)
circuits which, Fig. 6 illustrates a mix of the standard cells and  being
directly connected to an external circuit, may the gate array cells on a
common chip arranged in    be subjected to large external voltage perturba-
a compact manner. The mix of cells shown in Fig.    tions. Since the chip
10 is designed initially to 6 includes the standard cell 22 described in
con-   6   accommodate standard cell I/O circuits, the two fection with
Figs. 1 and 2 of the drawings, the full  outermost transistors may be
either two N-channel gate array cell 54 of Fig. 4, the end gate array cell
transistors or one N-channel transistor and one P- 56 of Fig. 5 and another
standard cell 58 which     channel transistor. Accordingly, the standard
cell may be similar to the standard cell 22. From Fig. 6  guard ring 16 of
Fig. 1 may be located at the same it can be seen that the mix of cells are
compactly  io  distance from the edge of the chip 10 in all of the arranged
so that the standard cell 22 and the full  outer cell locations 14.
However, when one or more gate array cell 54 have active circuit areas
sepa-  of the outer cell locations 14 are unused, such as rated from each
other by only the ground rule       the outer cell locations identified by
the letter U, a distance and the end gate array cell 56 and the     region
or space is required between the guard ring standard cell 58 also have
active circuit areas sop-   15  16 and the edge of the chip 10 for each of
these arated from each other by only the ground rule       outer cell
locations to contain therein three transis- distance. As required, the
logic service terminals  tors, two N-channel transistors and one P-channel
26 of the standard cell 22 or 58 may be intercon-   transistor, for
possible use as the two outermost > nected with circuits formed in the gate
array cells  transistors of an input/output (I/O) circuit formed in 54 and
56 at logic service terminals 60 of the gate  20  the gate array cell
technology with the remaining arrays. It should be noted that the mix of
standard  transistors of the I/O circuit being disposed in the cells 22 and
58 and gate array cells 54 and 56      remaining region of the outer cell
location. Accord- shown in Fig. 6 can be used in the inner cell
ingly, in each of the unused outer cell locations 14, locations 12 of Fig.
1 as indicated at 22, 54, 56 and  the guard ring has a U-shaped segment 16'
as 58 in Fig. 1.                                  25  indicated in Fig. 7
of the drawings which provides In view of the compatibility of the gate
array   additional space between the guard ring and chip cells and the
standard cells as arranged in accor-  edge to accommodate a third
transistor, and, of dance with the teachings of this invention, it can be
course, an N-well for the P-channel transistor. seen that a standard cell
chip can be fabricated in     Fig. 7 illustrates two standard cell outer
cell any conventional manner using all necessary stan-   3o  locations 62
and 64 between which are disposed dard inner cell locations 12 as indicated
in Fig. 1  gate array cell outer cell locations 66 and 68. by the letter S.
Thereafter, each of the unfilled   These four locations, 62, 64, 66 and 68,
may also inner cell locations 12 as indicated in Fig. 1 by the  be found in
the chip 10 of Fig. 1. letter U may be provided with the background
Fig. 8 shows in more detail the standard cell transistors of gate array
cells. If after testing the   35  outer cell location 62. It can be seen in
Fig. 8 that circuits of the standard cells, changes are desired,  this
outer cell location 62 has an active circuit area the function of standard
cell circuits may be re-   24 with the guard ring 16 passing through the
placed by forming appropriate circuits in the gate   active circuit area
24' and extending between op- array cells and connecting them as necessary
to     posite boundary lines 20 of the outer cell location the remaining
circuits in the standard cells. Thus,  40  62. when a circuit modification
is identified in the de-    Fig. 9 shows in more detail the gate array cell
sign of a standard cell chip, the standard cell chip  outer cell location
66 of Fig. 7. It can be seen that need not be completely redesigned or
reproces-      the guard ring 16' of Fig. 9 not only extends sed. The
change may be readily made by using        through the active circuit area
24' but also extends any one or more of the gate array cells by simply  45
beyond opposite boundary lines 20 so as to ensure making the required
connection at the interconnec-  an overlap with the guard ring segments in
adja- tion level of the process. By employing the teach-  cent outer cell
locations 14. Appropriate logic ser- ings of this invention, valuable time
and expense is  vice terminals, not shown, are also provided for the saved
in the development of highly complex logic    input/output circuits formed
in the outer cell loca- chips.                                          so
tions which are interconnected with other logic ser- Referring again to
Fig. 1 of the drawings, the   vice terminals of the inner cell locations
containing guard ring 16, acting as an N-well for attracting   either
standard cells or gate array cells. minority carriers injected into the
body of the chip    Hereinabove has been described the layout of or
substrate 10, which passes through the outer     the intermix of standard
cells and gate array cells cell locations 14 wherein input/output circuits
are   55  on a common semiconductor chip. Also, as stated formed is
positioned with respect to the outer       hereinabove, design systems are
used to form log- edges of the chip 10 so as to provide sufficient    ic
chips. A design system flow for creating a stan- space therebetween to
locate two of the outermost   dard cell/gate array intermix chip will now
be de- 6    
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cell, or the end of a cell row. Working from the left As is known, a design
system contains all of    end of the group, the routine places full gate
array the data and software necessary to create the final  cells as shown
in Fig. 4 in all but the rightmost cell mask data for a chip, starting from
a description of  in the group. In the rightmost cell, it places an end the
logic to be implemented, as entered by the   5   cell, as shown in Fig. 5.
The end cell meets the user. There are a number of critical elements which
boundary conditions required by a standard cell the design system must
contain. The first of these  book placed to its right. The background
placement is data describing a chip image as indicated in Fig.  routine
also operates in the input/output (I/O) cell 1, containing an array of cell
locations for the   regions 14, placing the background for a gate array
placement of logic books or macros internal to the   10  input/output (I/0)
cell in every cell U of regions 14 chip, and a row of cells of different
dimensions   of Fig. 1 which has not been marked by the place- around the
perimeter of the chip for the placement  ment of a standard cell
inpu/output (I/0) book. In of the input/output (I/0) circuits. Two other
ele-  the I/0 regions 14, the routine does not have to ments which the
design system must contain are     distinguish between full and end cells.
In this way, descriptions of a gate array and a standard cell  is  an l/0
gate array background may be placed in I/0 library. The gate array library
consists of personal-  cell locations having a predefined gate array per-
ization data for each book in the library, where   sonality and in all
unused cells. these personalizations are defined on only the con-
However, an additional routine is executed at ductor and contact levels, so
as to interconnect the  this point to manipulate the background shapes in
devices in the gate array background cells. A gate  20  the input/output
(I/0) regions 14. The I/O circuits array book personalization may occupy
one or       requiring a guard ring 16 of Fig. 1 around the more cells on
the chip image. In contrast, the     perimeter of the chip, separate the
output devices standard cell book personalizations contain data on  of the
I/O circuits from the interior devices of the most or all levels in the
process, but like a gate  chip for latchup protection reasons, as stated
array book, may occupy one or more cells on the   25  hereinabove. This
guard ring 16, is contained in the image.
chip image, as is consistent with the layout require- To begin the design
of a chip, the user of the  ments of the standard cell I/0 circuits. The
manipu- design system defines the logic to be placed on    lation routine
looks for input/output (I/0) cells the chip in any known universal logical
description  marked as containing a standard cell personality language,
specifying the interconnections between   so  and leaves them as is.
However, in unmarked cells, functions available in either the standard cell
and/or  U of Fig. 1, the manipulation routine deletes the the gate array
libraries. An automatic placement   original guard ring shape, and replaces
it with a routine then generates an optimum placement of     modified shape
16' contained in the gate array the books on the chip image, following the
cell    background, as indicated in Fig. 9. This shape is boundaries
specified in the chip image. The place-  35   modified as stated
hereinabove to allow more ment routine assumes that gate array and standard
space for additional devices to be placed in the cell books may be placed
in any cell on the chip,  output device region between the guard ring 16
given that the cell is not already occupied by a   and the edge of the chip
10. previously placed book.                                Having placed
all of the background shapes When a standard cell book is placed on the
40  required to define the device build levels of the image, the cells
which it occupies, such as in-    chip, the design system then stores the
placement dicated at S of Fig. 1, are identified to indicate that
information for all of the books placed to that point fact. Cells where a
gate array personalization are to  for future reference, and prepares the
data for the be placed are not so marked. Thus, after place-    so-called
front end of the line levels in the process ment is completed, another
routine in the design   45  for mask generation. The masks are created from
system identifies the unmarked cells, such as in-  this data and may now be
used for the processing dicated at U of Fig. 1, and places a gate array
of wafers. background in each of them. In this way, gate array    The logic
designer may at this point, as neces- backgrounds may be placed in cell
locations hav-   sary or desired, define more logic books and ing a
predefined gate array personality and in all  so   macros to be placed on
the chip, using functions unused cells.
only from the gate array library. These functions The gate array background
placement routine     are added to the logical description used above.
places two different kinds of background cells, de-  When the logic design
is completed, the designer pending on the location of surrounding standard
enters a second phase of placement, adding to the cell books. When
searching for unmarked cells, the   55  placement data stored from the
previous pass. The background placement routine identifies continuous  new
books are placed on the image wherever un- groups of such cells, terminated
on each end by    used cells are available, knowing that the gate either a
standard cell book, identified as a marked  array background placement
routine has ensured 7    
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contain gate array backgrounds.   design, the second pass placement for
gate array Once all of the books have been placed after    books is not
used, and instead, front end of the line the second pass, a wiring routine
is used which    and back end of the line masks are submitted connects
together all of the books following the   together. logical description,
using global wires in the image   5  A second option available to the
designer is a to connect the logic service terminals (LSTs), such  gate
array-only chip, where only gate array func- as at 26 in Fig. 2, of a book
to the LSTs, such as at  tions are used. In this case, none of the cells
are 60 in Fig. 6, of other books. This wiring data is  marked by standard
cell books, so they all receive combined with the gate array
personalization data  gate array backgrounds. A standard set of front and
the contact and conductor levels from the   1o  end of the line masks was
previously submitted for standard cell books to form the data for masks to
this type of design, and only the back end of the be used in the so-called
back end of the manufac-  line masks are personalized, as is normal for
gate turing line. These masks are generated and sent to  array designs. the
manufacturing line for completion of the wafer    A third design option
that may be used is processing. At this point, all of the data from the
is   where standard cell-only books or macros are de- chip placement and
wiring is also stored for use, if  fined for the first pass of a design,
and front end of a later modification to the design is required.    the
line masks are submitted reflecting their place- Modifications to the
design are made by delet-  ment. The logic design is then completed using
ing previously used gate array functions, by deacti-  gate array-only
functions, allowing the back end of vating standard cell functions, and/or
by adding   20  the line masks to be submitted sometime later after gate
array-only books. When a gate array book is   the front end of the line
levels are processing. This deleted from the design, the cells from which
the  option allows the designer the maximum flexibility book was deleted
become available as unused       in chip density and performance as well as
logic cells.                                             design
turn-around-time, as the designer may use For standard cell books which are
to be deacti-  25  standard cell macros to obtain the maximum den- vated,
the design system recalls the placement and  sity and performance on
critical parts of the chip, wiring information and deactivates the books by
while maintaining gate array turn-around-time on deleting the wires
connecting to their LSTs and    the remainder of the design. disabling the
input LSTs by connecting them to an      It should be noted that the full
gate array cell in appropriate logic level using tie-up or tie-down   30
Fig. 4 includes three pairs of CMOS devices, how- books. A tie-up book
provides an LST connected to  ever, if desired, the cell may have more or
fewer a logical high value or logical "1" value, and a tie-  pairs of
devices. Also, the end cell, as shown in down book provides a similar LST
connected to a    Figs. 5 and 6, has been disclosed as being placed logical
low value or logical "O" value. Output LSTs  at the right end of a row of
gate array cells, but, of on deleted books may be ignored or are terminated
35  course, the row could include all full gate array on a load book, which
performs no logical function.  cells with the end cell of Fig. 5 being
located at the Tie-up, tie-down, and load books are all gate array  left
end of the row with the full and end gate array functions, so that they may
be used in the second   cells being designed in the mirror image of the
pass of the design in any previously unoccupied    gate array cells shown
in Figs. 4 and 5, respec- cell.                                         40
tively, of the drawings. When a gate array book is added to the de-
Although standard cells and gate array cells sign, it is placed in any
previously unused cell,  are disclosed hereinabove as being intermixed, it
where a gate array background is known to already  should be understood
that any combination of cells exist. It is also automatically wired into
the design,  or macros can be mixed on a common semicon- using a global
wiring routine.                45  ductor substrate or chip in accordance
with the Having completed the modifications to the de-   teachings of this
invention so long as the full cell at sign, the designer may now generate a
new set of   one end of a row of such given cells normally only the back
end of the line masks to create the  containing active circuit areas from
one cell bound- modified chips.                                    ary to
an opposite cell boundary, as does the gate There are a number of design
options available  so  array cell, has its boundary shifted so as to
provide to the design system  user consistent with the     a 1/2 ground
rule space between its boundary and above design flow. The first of these
is a standard  its active circuit area and a 1/2 ground rule space
cell-only design, where only standard cell functions  is provided between
the boundary and active cir- are used in defining the chip's logic. In this
in-  cuit area of an end cell in the row of such given stance, the gate
array background placement rou-  55  cells located at the end of the row of
such given tine is still employed, transparent to the user, so  cells
opposite the one end. that modifications to the design can be made later,
It should also be noted that the invention is not using the methodology
described above. In this     limited to cells arranged in a row but also
applies 8    



13                 EP 0 283 655 B1                     14 to a column or
other linearly arranged succession        locations (14), said first region
of each of said of cells.
input/output cell locations having formed there- in at least one of said
transistors with the Claims
remaining transistors being formed within said 5       second regions. 1. A
method of making a logic chip which in- cludes the steps of
5. A method as set forth in claims 1 to 4 includ- defining a plurality n of
cell locations (12), each  ing the steps of having a boundary (18), within
a semiconduc-         defining a plurality of contiguous cell locations tor
chip (10),                              10       (12), each having a
boundary (18), within a forming a plurality of n - x standard cells (22,
semiconductor chip (10), 58) within n - x of said plurality n of cell
forming first and second standard cell circuits locations (12), where x is
a smaller number          (22, 58) in spaced apart first and second cell
than n, x cell locations being unoccupied, each      locations,
respectively, of said plurality of cell of said standard cells having an
active circuit  15  locations, each of said standard cell circuits area
(24) disposed at least a given distance         being disposed within an
active area (24) of its from the boundary (18) of its associated cell
associated cell location spaced at least a given location, and
distance from the boundary (18) of its asso- forming a plurality of gate
array cells (54, 56)     ciated cell location, within said unoccupied cell
locations, said plu-   20  forming a first gate array cell (54) in a third
cell rality of gate array cells being equal to or less    location of said
plurality of cell locations con- than x, each of said gate array cells
having an      tiguous with said first cell location between active circuit
area disposed at least said given     said first and second cell locations,
said first distance from the boundary (18) on one side of       gate array
cell having an active circuit area its associated cell location and
extending be-   26  spaced at least a given distance from the yond the
boundary (18) on the side of its            common boundary (18) between
said first and associated cell location opposite to that of said    third
cell locations, and one side for a distance at least equal to said
forming a second gate array cell (56) in a given distance to contact the
active circuit area    fourth cell location of said plurality of cell loca-
of an adjacent one of said plurality of gate  3o     tions contiguous to
said second cell location array cells and extending to within said op-
between said first and second cell locations, posite boundary no closer to
said opposite           said second gate array cell having an active
boundary than at least said given distance           circuit area spaced at
least said given distance when one of said standard cells is disposed
from the common boundary (18) between said adjacent to said opposite
boundary.         35       second and fourth cell locations. 2. A method as
set forth in Claim 1 further includ-  6. A method as set forth in claim 5
wherein said ing the steps of                                     first
gate array cell (54) includes a given num- forming a plurality of
input/output cell locations   ber of source/drain diffusion regions (46A,
46B, (14) along the periphery of said chip (10), a   40   46C, 50A, 50B,
50C) of a first conductivity type first plurality (62, 64) of said
input/output cell   within its cell location boundary (18) and one
locations having  an  isolation  region  (16)        source/drain diffusion
region (46D, 50D) be- spaced from the edge of said chip (10) by a
yond its cell location boundary (18) and said first distance and a second
plurality (66, 68) of    second gate array cell (56) includes only said
said input/output cell locations having an isola-   45  given number of
source/drain diffusion regions tion region (16') spaced from the edge of
said        (46A, 46B, 46C, 50A, 50B, 50C) of said first chip by a second
distance different from that        conductivity type within its cell
location bound- of said first distance.                              ary
(18). 3. A method as set forth in claim 2 wherein said   50  7. A method as
set forth in claim 5 and 6 further isolation regions (16, 16') form a guard
ring        includingthe step of dividing each of said input/output cell
locations    forming insulating regions between the active (14) into first
and second regions.                  circuit areas (22, 54) of said first
and third cell locations and between the active circuit areas 4. A method
as set forth in claim 3 further includ-  55  (58, 56) of said second and
fourth cell loca- ing the steps of
tions. forming input/output circuits having a plurality of transistors in
each of said input/output cell  8. A method as set forth in claim 1 to 7
further 9    13                 EP 0 283 655 B1                     14 to a
column or other linearly arranged succession        locations (14), said
first region of each of said 



of cells.                                               input/output cell
locations having formed there- in at least one of said transistors with the
Claims                                                   remaining
transistors being formed within said 5         second regions. 1. A method
of making a logic chip which in- cludes the steps of
5. A method as set forth in claims 1 to 4 includ- defining a plurality n of
cell locations (12), each  ing the steps of having a boundary (18), within
a semiconduc-         defining a plurality of contiguous cell locations tor
chip (10),                              70       (12), each having a
boundary (18), within a forming a plurality of n - x standard cells (22,
semiconductor chip (10), 58) within n - x of said plurality n of cell
forming first and second standard cell circuits locations (12), where x is
a smaller number          (22, 58) in spaced apart first and second cell
than n, x cell locations being unoccupied, each      locations,
respectively, of said plurality of cell of said standard cells having an
active circuit  15  locations, each of said standard cell circuits area
(24) disposed at least a given distance         being disposed within an
active area (24) of its from the boundary (18) of its associated cell
associated cell location spaced at least a given location, and
distance from the boundary (18) of its asso- forming a plurality of gate
array cells (54, 56)     ciated cell location, within said unoccupied cell
locations, said plu-   20  forming a first gate array cell (54) in a third
cell rality of gate array cells being equal to or less   location of said
plurality of cell locations con- than x, each of said gate array cells
having an      tiguous with said first cell location between active circuit
area disposed at least said given     said first and second cell locations,
said first distance from the boundary (18) on one side of       gate array
cell having an active circuit area its associated cell location and
extending be-   25  spaced at least a given distance from  the yond the
boundary (18) on the side of its            common boundary (18) between
said first and associated cell location opposite to that of said   third
cell locations, and one side for a distance at least equal to said
forming a second gate array cell (56) in a given distance to contact the
active circuit area    fourth cell location of said plurality of cell loca-
of an adjacent one of said plurality of gate  30     tions contiguous to
said second cell location array cells and extending to within said op-
between said first and second cell locations, posite boundary no closer to
said opposite           said second gate array cell having an active
boundary than at least said given distance           circuit area spaced at
least said given distance when one of said standard cells is disposed
from the common boundary (18) between said adjacent to said opposite
boundary.         35       second and fourth cell locations. 2. A method as
set forth in Claim 1 further includ-  6. A method as set forth in claim 5
wherein said )      ing the steps of
first gate array cell (54) includes a given num- forming a plurality of
input/output cell locations   ber of source/drain diffusion regions (46A,
46B, (14) along the periphery of said chip (10), a   40   46C, 50A, 50B,
50C) of a first conductivity type first plurality (62, 64) of said
input/output cell   within its cell location boundary (18) and one
locations having  an  isolation  region  (16)        source/drain diffusion
region (46D, 50D) be- spaced from the edge of said chip (10) by a
yond its cell location boundary (18) and said first distance and a second
plurality (66, 68) of    second gate array cell (56) includes only said
said input/output cell locations having an isola-   45  given number of
source/drain diffusion regions tion region (16') spaced from the edge of
said        (46A, 46B, 46C, 50A, 50B, 50C) of said first chip by a second
distance different from that       conductivity type within its cell
location bound- of said first distance.                              ary
(18). 3  A method as set forth in claim 2 wherein said  so   7. A method as
set forth in claim 5 and 6 further isolation regions (16, 16') form a guard
ring        including the step of dividing each of said inpuVoutput cell
locations     forming insulating regions between the active (14) into first
and second regions.                  circuit areas (22, 54) of said first
and third cell locations and between the active circuit areas 4. A method
as set forth in claim 3 further includ-   ss  (58, 56) of said second and
fourth cell loca- ing the steps of
tions. forming input/output circuits having a plurality of transistors in
each of said input/output cell  8. A method as set forth in claim 1 to 7
further 9    15                 EP 0 283 655 B1                     16
including the step of                                58) disposed within a
number of said inner cell forming a row of gate array cells similar to said
locations, first gate array cell (54) between said first and    a plurality
of gate array logic circuits (54, 56) 



second gate array cells (54, 56).                    disposed within the
remaining inner cell loca- 5       tions of said plurality of inner cell
locations, A method as set forth in claims 6 - 8 wherein       a plurality
of standard cell input/output circuits said one source/drain diffusion
region (46D,         disposed within said first plurality of outer cell
50D) of said first gate array cell (54) overlaps     locations, and one of
said source/drain diffusion regions (46A,     a plurality of gate array
input/output circuits 50A) of said second gate array cell (56).   10
disposed within said second plurality of outer cell locations. 10. A method
as set forth in claims 8 and 9 wherein said one source/drain diffusion
region   14. A logic structure as set forth in claim  13 (46D, 50D) of said
first gate array cell (54)        wherein adjacent gate array logic
circuits are overlaps a source and drain region (46A, 50A)   15
contiguous and a gate array logic circuit and a of one of the gate array
cells (54) of said row      standard cell logic adjacent to each other are
of gate array cells and the one source/drain         separated from each
other by a given ground diffusion region of another of the gate array
rule distance. cells (54) of said row of gate array cell over- laps one of
said source/drain diffusion regions   20   15. A logic structure as set
forth in claim  14 (46A, 50A) of said second gate array cell (56).
wherein an insulating medium is disposed be- tween adjacent gate array and
standard cell 11. A method as set forth in claims 2 to 10 further     logic
circuits. including the step of forming gate array cells in each
input/output cell of said second plurality  25   Revendloations of
input/output cells. 1. Procddd de fabrication d'une puce logique qui 12. A
method as set forth in claim 4 wherein said        comprend les dtapes
consistant &: first regions are formed between said isolation
ddfinir une pluralit4 n d'emplacements de regions and the edge of said chip
and further   30   cellules (12), chacun comportant une frontiere including
the step of forming three field effect     (18) a l'int6rieur d'une puce
semi-conductrice transistors in each of the first regions of said     (10),
second plurality (66, 68) of cell locations (14)         former une
pluralit4 de n - x cellules stan- and two field effect transistors in each
of the      dard (22, 58) & l'intnrieur de n - x de ladite first regions of
said first plurality (62, 64) of cell  35  pluralit4 n d'emplacements de
cellules (12) locations (14).                                      dans
laquelle x est un nombre infdrieur A n, x emplacements de cellules 6tant
inoccupes, 13 A logic structure comprising
chacune desdites cellules standard comportant a semiconductor substrate
(10) having a plural-      une zone active de circuit (24) dispos6e a au
ity of contiguous inner cell locations (12) and a   40  moins une distance
donnde de la frontibre (18) plurality of contiguous outer cell locations
(14)    de son emplacement de cellule associ6 et defined therein, said
outer cell locations (14)          former une pluralit4 de cellules du type
being disposed between said inner cell loca-         gate array (54, 46) a
l'intdrieur desdits empla- tions and the edge of said substrate (10),
cements de cellules inoccupes, ladite pluralit6 a guard ring (16, 16')
disposed along the pe-   45   de cellules du type gate array 6tant 4gale ou
riphery of said substrate (10) and passing           inferieure A x,
chacune desdites cellules du through said plurality of contiguous outer
cell      type gate array comportant une zone active de locations (14)
dividing each of said outer cell      circuit disposde & au moins une
distance don- locations into first and second regions, each of     nde de
la frontibre (18) sur un c8t6 de son the outer cell locations (14) of a
first plurality of  50  emplacement de cellule associ4 et s'6tendant said
outer cell locations having said guard ring     au-del& de la frontiere
(18) sur le c8td de son passing therethrough at a first distance from
emplacement de cellule associ6 oppos4 A ce- the edge of said substrate and
each of the           lui dudit premier c8td sur une distance au outer cell
locations of a second plurality of said   moins 4gale a ladite distance
donnie pour outer cell locations having said guard ring  5s      entrer en
contact avec la zone active de circuit passing therethrough at a second
distance            d'une cellule adjacente de ladite pluralit6 de from the
edge of said substrate,                     cellules du type gate array et
s'4tendant jus- a plurality of standard cell logic circuits (22,     qu'A
l'interieur de ladite frontiere oppos~e sans 10    17
EP0283655B1                        18 s'approcher plus de ladite frontibre
opposee       placements de cellules, ladite premibre collule qu'a au moins
ladite distance donneo lors-         du type gate array comportant une zone
active qu'une desdites cellules standard est dispos6e     de. circuit
sdpar~e d'au moins une distance 



pour 8tre adjacente a ladite frontibre opposee.    donnee de la frontibre
commune (18) separant 5       lesdits premier et troisieme emplacements de
W 2. Procede salon la revendication 1, compronant          cellules, et en
outre les operations consistant &:                  former une seconde
collule du type gate former une pluralite d'emplacements de          array
(56) dans un quatribme emplacement de cellules d'entr6e/sortie (14) le long
de la peri-  cellule de ladite pluralite d'emplacements de pherie de ladite
puce (10), une premibre plura-  1o  cellules contigus audit second
emplacement litN (62; 64) d'emplacements de cellules           de cellule
entre lesdits premier et second em- d'entrdo/sortie ayant une region
d'isolement       placements de collules, ladite secondo cellule (16')
espacee de ladite puce par une premibre      du type gate array comportant
une zone active distance ot une seconde pluralite (66, 68) des-    de
circuit separde d'au moins ladite distance dits emplacements de cellules
d'entree/sortie  15  donnee de la frontibre commune (18) s6parant
comportant une region d'isolement (16') sepa-      lesdits second et
quatribme emplacements de ree du bord de ladite puce par une seconds
cellules. distance differente de ladite promibre distance. 6. Proced6 solon
la revendication 5, dans lequel 3. Procede solon la revendication 2, dans
loquel  20   ladite premibre collule du type gate array (54) lesdites
regions d'isolement (16, 16') forment     comprend un nombre donn4 de
regions de un anneau de garde divisant chacun desdits         diffusion
source/drain (46A, 46B, 46C, 50A, emplacements de cellules d'entr6e/sortie
(14)      50B, 50C) d'un premier type de conductivite A on une premibre ot
une seconde regions.            l'interieur de sa frontibre d'emplacement
de 25      cellule (18) et une region de diffusion de 4. Procedd solon la
revendication 3, comprenant        source/drain (46D, 50D) au-del& de sa
frontibre en outre les etapes consistant A :                 d'emplacement
de cellule (18) et dans loquel former des circuits d'entreelsortie compor-
ladite seconde collule du type gate array (56) tant une pluralite de
transistors dans chacun      comprend seulement ledit nombre donne de
desdits   emplacements   de    cellules  30        regions de diffusion de
source/drain (46A, 46B, d'entree/sortie (14), ladite premibre region de
46C, 50A, 50B, 50C) dudit premier type de chacun desdits emplacements de
cellules            conductivite & l'interieur de sa frontibre d'em-
d'entreelsortie comportant au mains un desdits     placement de cellule
(18). transistors forme sur celle-ci, les transistors restants etant formds
dans lesdites secondes   36  7. Proc~de solon les revendications 5 et 6,
com- regions.                                           prenant en outre
les etapes consistant A: former des regions d'isolement entre les ' -   5.
Procedd  solon les revendications 1 & 4, com-       zones actives de
circuit (22, 54) desdits pre- prenant les etapes consistant a.:
mier et troisibmo emplacements de cellules et definir une pluralite
d'emplacements de   4o    entre les zones actives de circuit (58, 56) des-
cellules contigus (12), chacun comportant une      dits second et quatribme
emplacements de frontibre (18) dans une puce semi-conductrice
cellules. (10), former des premier et second circuits de    8. Procedd
solon les revendications 1 A 7, com- cellule standard (22, 58) dans des
premier ot  45  prenant en outre les etapes consistant Ai: second
emplacements de cellules sdpares,               former une rangee de
cellules du type respectivement, de ladite pluralitd d'emplace-     gate
array similaires a ladite premibre cellule ments de cellules, chacun
desdits circuits de      du type gate array (54) entre lesdites premibre
cellule standard etant dispose a. l'interieur      et secondo cellules du
type gate array (54, d'une zone active (24) de son emplacement de   50
56). cellule associe separee d'au moins une distan- ce donnee de la
frontibre (18) de son emplace-  9. Procede solon les revendications 6 a 8,
dans ment de collule associ4,                           loquel  ladite
region  de  diffusion  de former une premibre cellule du type gate
source/drain (46D, 50D) de ladito premibre cel- array (54) dans un
troisibme emplacement de   55   lule du type gate array (54) chevauche
l'une cellule de ladite pluralite d'emplacements de      desdites regions
de diffusion de source/drain cellules contigus audit premier emplacement
(46A, 50A) de ladite seconde cellule du type de cellule entre lesdits
premier et second em-     gate array (56). 11~~~~~~~~~~    19
EP 0 283 655 B1                    20 10. Procedd solon les revendications
8 et 9, dans      standard (22, 58) disposes a l'intbrieur d'un lequol
ladite  region  de  diffusion  de          certain nombre desdits
emplacements de cel- source/drain (46D, 50D) de ladite premiere cel-
lules internes, 



lule du type gate array (54) chevauche une             une pluralite de
circuits logiques du type region de source et de drain (46A, 50A) de   5
gate array (54, 56) disposes dans les emplace- t-   l'une des collules du
type gate array (54),         ments de cellules internes restants de ladite
ladite rangeo de cellules du type gate array et    pluralit6 d'emplacements
de cellules, une region de diffusion de source/drain d'une          une
pluralite de circuits d'entree/sortie de autre des cellules du type gate
array (54) de      cellules standard disposes a I'interieur de ladi- ladite
rangee de cellules du type gate array   io  te pluralitb d'emplacements de
cellules ext6- chevauche l'une desdites r6gions de diffusion      rieurs,
et de source/drain (46A, 50A) de ladite seconde           une pluralite de
circuits d'entree/sortie du cellule du type gate array (56).
type gate array disposes & l'int6rieur de ladite seconde pluralite
d'emplacements de cellules 11. Procedd solon les revendications 2 A 10,
corn-  16  exterieurs. prenant en outre l'etape consistant A former des
cellules du type gate array dans chacune   14. Structure logique solon la
revendication 13, des cellules d'entree/sortie de ladite seconde     dans
laquelle des circuits logiques du type pluralite de cellules
d'entree/sortie.             gate array adjacents sont contigus et dans 20
laquelle un circuit logique du type gate array 12. Procedb solon la
revendication 4, dans lequel      et un circuit logique de cellule standard
mu- lesdites premieres regions sont form6es entre      tuellement adjacents
sont sbpar6s les uns des lesdites regions d'isolement et les bords de
autres par une distance donnee de rbgle de ladite puce et comprenant en
outre I'etape         base. consistant A former trois transistors a effet
de   25 champ dans chacune des premieres rbgions        15. Structure
logique solon la revendication 14, de ladite seconde pluralite (66, 68) des
empla-    dans laquelle un support isolant est dispos6 cements de cellules
(14) et deur transistors &     entre les circuits logiques de cellule du
type effet de champ dans chacune des premibres          gate array et de
cellule standard adjacents. regions de ladite premiere pluralite (62, 64)
30 des emplacements de cellules (14).              PatentansprUche 13
Structure logique comprenant:                   1. VerFahren zur
Herstellung eines Logikchips mit un substrat semi-conducteur (10) compor-
EinschluB der folgenden Schritte: tant une pluralitb d'emplacements de
cellules  36  Definition einer Vielzahl n von jeweils mit einer internes
contigus (12) et une pluralite d'empla-   Grenze (18) versehenen
Zellplatzen (12) inner- cements de cellules extbrieurs contigus (14)
halb eines Halbleiterchips (10), K)    qui y sont dMfinis, lesdits
emplacements de          Bildung einer Vielzahl von n - x Standardzellen
cellules extbrieurs (14) etant disposes entre      (22, 58) innerhalb von n
- x der genannten lesdits emplacements de cellules internes et la  40
Vielzahl n von Zeliplitzen (12), worin x eine bord dudit substrat (10), un
anneau de garde       Zahl darstellt, die klainer ist als n, wobei x (16,
16') dispose le long de la peripherie dudit   Zellplatze unbesetzt sind,
und wobei jede der substrat (10) et passant a travers ladite plurali-
genannten Standardzellen einen Aktivschal- tb d'emplacements de cellules
exterieurs conti-    tungsbereich (24) aufweist, der zumindest in gus (14)
divisant chacun desdits emplace-  45      einem  gegebenen Abstand von der
Grenze ments de cellules extbrieurs on premibre et        (18) des
zugehorigen Zellplatzes angeordnet seconde regions, chacun des emplacements
ist, und de cellules extbrieurs (14) d'une premiere plu-    Bildung einer
Vielzahl von Torschaltungsfeld- ralite desdits emplacements de cellules
exte-      Zellen (54, 56) innerhalb der genannten unbe- rieurs comportant
ledit anneau de garde qui  50    setzten ZellplAtze, wobei die genannte
Vielzahl passe A travers a une premibre distance du         von
Torschaltungsfeld-Zellen gleich oder klei- bord dudit substrat et chacun
des emplace-         ner ist als x, ments de cellules exterieurs d'une
seconde         wobei jede der genannten Torschaltungsfeld- pluralitb
desdits emplacements de cellules ex-     Zellen einen
Aktivschaltungsbereich aufweist, tbrieurs comportant ledit anneau de garde
pas-  56  der in zumindest dem genannten gegebenen sant & travers a une
seconde distance du bord      Abstand von der Grenze (18) auf einer Seite
dudit substrat,                                    des zugeh8rigen
Zellplatzes angeordnet ist une pluralite de circuits logiques de cellule
und sich Uber die Grenze (18) hinaus auf der 12                  ,,,,,,,, s
ll ll~    21                EP 0 283 655 B1                    22 Seite des
zugehorigen Zellplatzes, die gegen-      zweiten Zellplatzen der genannten
Vieizahl von Ober der genannten einen Seite Iiegt aber eine
Zellplktzen, wobei jede der genannten Stan- Entfernung, die zumindest
gleich ist dem ge-       dardzellenschaltungen innerhalb eines aktiven
nannten gegebenen Abstand, erstreckt, um           Bereichs (24) des
zugehorigen Zellplatzes an- 



elne Verbindung herzustellen zum Aktivschal-   5   geordnet ist, welcher
Bereich zumindest eonen 'v..--   tungsbereich einer benachbarten Zelle aus
der     gegebenen Abstand von der Grenze (18) des genannten Vielzahl von
Torschaltungsfeld-Zel-      zugeh6rigen Zollplatzes einhglt, len, und sich
innerhalb der genannten gogen-       Bildung einer ersten
Torschaltungsfeldzelle Uberliegenden Grenze soweit zu ihn erstreckt,
(54) in einem dritten Zellplatz der genannten daB zumindest der genannte
gagebene Ab-  10        Vielzahl von Zellplltzen in Nachbarschaft zu stand
zu der genannten gogentberliegenden          dem genannten ersten Zellplatz
zwischen den Grenze gewahrt bleibt, wenn eine der genann-       genannten
ersten und zweiten Zellplktzen, wo- ten Standardzellen in Nachbarschaft zu
der         bei die genannto erste Torschaltungsfeldzelle genannten
gogenOberliegenden Grenze ange-          einen Aktivschaltungsbereich
aufweist, der in ordnet ist.                                15
zumindest einem gegebenen Abstand von der gemeinsamen Grenze (18) zwischen
den ge- 2. Verfahren nach Anspruch 1, mit EinschluB der        nannten
ersten und dritten ZellplAtzen ange- folgenden weiteren Schritte:
ordnet ist, und Bildung   einer  Vielzahl  von  Eingangs-          Bildung
einer zweiten Torschaltungsfeldzelle in /Ausgangs-Zelplpitze (14) entlang
der Periphe-  20  einem vierten Zellplatz der genannten Vielzahl rie des
genannten Chips (10), wobei eine erste     von Zellplktzen in Nachbarschaft
zu den ge- Vielzahl (62, 64) der genannten Eingangs-          nannten
zweiten Zellplatz zwischen den ge- /Ausgangs-Zellplktze ein
Isolationsgebiet (16)     nannten ersten und zweiten Zellplatzen, wobei
aufweist, das in elnem ersten Abstand von der      die genannte zweite
Torschaltungsfeldzelle el- Kante des genannten Chips (10) angeordnet  26
nen Aktivschaltungsbereich aufweist, der in zu- ist, und wobei eine zweite
VieIzahl (66, 68) der   mindest dem gogebenen Abstand von der ge- genannten
Eingangs-/Ausgangs-ZelIplatze ein        meinsamen Grenze (18) zwischen den
genann- lsolationsgebiet (16') aufweist, dos in einem      ten zweiten und
vierten Zellplatzen angeordnet zweiten Abstand, der verschieden ist vom er-
ist. sten Abstand, von der Kanto des genannten   30 Chips angeordnet ist.
6. Verfahren nach Anspruch 5, worin die genann- te erste
Torschaltungsfeldzelle (54) eine gege- 3. Verfahren nach Anspruch 2, worin
die genann-        bene Anzahl von Source/Drain-Diffusionsgobie- ten
Isolationsgebiete (16, 16') einen SchutzgOr-   te (46A, 46B, 46C, 50A, SOB,
50C) eines ersten tel bilden, der jede der genannten Eingangs-  35
Leitungstyps innerhalb ihrer Zellplatzgrenze /Ausgangs-Zolplatze (14) in
ein erstes und ein     (18) enthllt, sowie ein Source/Drain-Diffusions-
zweites Gebiet teilen.                             gebiet (46D, SOD)
auBerhalb ihrer Zellplatz- ,>
grenze (18) und wobei die gonannte zweite 4. Verfahren nach Anspruch 3, mit
EinschluB der        Torschaltungsfeldzelle (56) nur die genannte folgenden
Schritte:                        40      gegebene Anzahl von
Source/Drain-Diffusions- Bildung von Eingangs-/Ausgangs-Schaltungen
gebieten (46A, 46B, 46C, 50A, 50B, 50C) der die eine Vielzahl von
Transistoren in jedem der    genannten ersten Leitungstype innerhalb ihrer
genannten Eingangs-/Ausgangs-ZelIplitze (14)       Zellplatzgrenze (18)
enthalt. aufweisen, wobel im genannten ersten Gebiet von  jodem   der
genannten   Eingangs-  45  7. Verfahren nach den AnsprOchen 5 und 6, mit
/Ausgangs-Zellplatze zumindest einer der ge-       EinschluB des folgenden
weiteren Schrittes: nannten Transistoren gebildet wird, und wobei
Bildung von Isolationsgebieten zwischen den die Ubrigen Transistoren im
genannten zweiten      Aktivschaltungsgebieten (22, 54) der genann- Gebiet
gebildet werden.                            ten ersten und dritten
ZelIpltze und zwischen 50      den Aktivschaltungsgebieten (58, 56) der ge-
5. Verfahren nach den Ansprfchen 1 bis 4, mit          nannten zweiten und
vierten Zellplatze. EinschluB der folgenden Schritte: Definition einer
Vielzahl von jeweils eine Gren-  8  Verfahren nach den Ansprfchen 1 bis 7,
mit ze (18) aufweisenden benachbarten Zellplltzen      EinschluBi des
folgenden weiteren Schrittes: (12) innerhalb eines Halbleiterchips (10),
55     Bildung einer Zeile von Torschaltungsfeldzel- Bildung von ersten und
zweiten Standardzel-        len Mhnlich der genannten ersten Torschal-
lenschaltungen (22, 58) in voneinander Ab-         tungsfeldzelle (54)
zwischen den genannten er- stand haltenden entsprechenden ersten und
sten und zweiten Torschaltungsfeldzellen (54, 13 11111111 111111 11111
11111 111111 *   C   L  M   S   *    23                 EP 0 283 655 B1
24 56).                                               genannten au~eren
Zellplitze in einem ersten Abstand vom Rand des genannten Substrat 



9. Verfahren nach den Ansprtchen 6 bis 8, worin        hindurch erstreckt,
und sich der genannte das genannte eine Source/Drain-Diffusionsge-
SchutzgUrtel durch jeden der auferen Zellplit- biet (46D, 50D) der
genannten ersten Torschal-   5  ze einer zweiten VieIzahl der genannten
auBe- 'br' tungsfeldzelle (54) sich mit einem der genann-      ren
Zellplatze in elnem zweiten Abstand vom ten Source/Drain-Diffusionsgebiete
der genann-     Rand des genannten Substrats hindurch er- ten zweiten
Torschaltungsfeldzelle (56) Uber-      streckt, lappt.
eine VieIzahl von Standardzellon-Logikschal- 10     tungen (22, 58), die
innerhalb einer Anzahl der 10. Verfahren nach den Anspr~chen 8 und 9, worin
genannten inneren ZelIplItze angeordnet sind, sich das genannte eine
Source-Drain-Diffu-         eine VieIzahl von Torschaltungsfeld-Logikschal-
sionsgebiet (46D, 50D) der genannten ersten        tungen (54, 56), die
innerhalb der Ubrigen inne- Torschaltungsfeldzelle (54) mit einem Source-
ren Zellplatze der genannten Vielzahl von inne- und Drain-Gebiet (46A, 50A)
einer der Tor-  76     ren Zellpiltze angeordnet sind, schaltungsfeldzellen
(54) der genannten Zeile      eine Vielzahl von Standardzellen-Eingangs-
von Torschaltungsfeldzellen  Uberlappt, und        /Ausgangs-Schaltungen
die innerhalb der ge- worin sich das eine Source/Drain-Diffusionsge-
nannten VieIzahl von auBeren Zellplatzen an- \w>r"   biet einer anderen der
Torschaltungsfeldzellen    geordnet sind, und (54) der genannten Zeile von
Torschaltungs-  20    eine    Vieizahl   von    Torschaltungfeld-
feldzellen   mit  einem   der  genannten
Eingangs/Ausgangs-Schaltungen, die innerhalb Source/Drain-Diffusionsgebiete
(46A, 50A) der      der genannten zweiten VieIzahl von auBeren genannten
zweiten Torschaltungsfeldzelle (56)      Zellplatzen angeordnet sind.
Uberlappt. 2n  14. Logische Struktur nach Anspruch 13, worin an- 11.
Verfahren nach den AnsprUchen 2 bis 10, mit        grenzende
Torschaltungsfeld-Logikschaltungen dem weiteren Schritt der Bildung von
Torschal-     benachbart   sind    und    worin   eine tungsfeldzellen in
jeder Eingangs/Ausgangs-        Torschaltungsfeld-Logikschaltung und eine
be- Zelle der genannten Vielzahl von Eingangs-         nachbarte
Standardzelle-Logikschaltung von- /Ausgangs-Zollen.
30      einander durch einen gegebenen Chip-Grund- regelabstand getrennt
werden. 12. Verfahren nach Anspruch 4, worin die genann- ten ersten Gebiete
zwischen don genannten       15. Logische Struktur nach Anspruch 14, worin
Isolationsgebieten und dem Rand des genann-        zwischen benachbarten
Torschaltungsfeld- und ten Chips gebildet werden und als weiterer  35
Standardzellen-Logikschaltungen ein Isolations- Schritt drel
Feldeffekttransistoren in jedem der   material angeordnet ist. ersten
Gebiete der zweiten VieIzahl (66, 68) t,    von Zellplatzen (14), sowie
zwei Feldeffekttran- sistoren in jedem der ersten Gebiete der go- nannten
ersten VieIzahl (62, 64) von Zellplat-  40 zen (14) gebildet werden. 19
Logische Struktur, enthaltend: ein Halbleitersubstrat (10) mit einer
Vielzahl von benachbarten inneren Zellplitzen (12) und   45 einer Vielzahl
hierin definierten benachbarten auferen Zellplatzen (14), wobei die
genannten auBeren Zellplatze (14) zwischen den genann- ten inneren
Zellplatzen und dem Rand des genannten Substrats (10) angeordnet sind,  50
einen SchutzgUrtel (16, 16') der entlang der Peripherie des genannten
Substrats (10) ange- ordnet ist und sich durch die genannte Vielzahl von
benachbarten Auferen Zellplatzen (14) er- streckt und die genannten Wuliere
Zellplatze in  5s erste und zweite Gebiete telt, wobei sich der genannte
Schutzglrtel durch jeden der auBe- ren Zellpliaze (14) einer ersten
Vielzahl der 14           |||||||| || || |||    


