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This invention relates to d§
circuits and, more particularly,

input/output circuit elements.

Data piocessing systems consist of electronic components that are t
customarily fabricated in integrated circuite upon silicon chips. These
integrated circuits include the transistor, resistor and capacitor
elements required to perform the.circuit functions. The layout or
arrangement of these circuit elements upon the silicon chip is critical
in achieting high density circuitry arrangements on integrated circuits.
Input/output circuits.provide a special challenge in'the.layout of
integrated circuits since it is the input/output circuits that provide
the interface between the "outside world” and the 1nternal integrated

circuit ch:.p functlons .

One typical prior art approach to fabricating input/output circuits

is termed the reserve cell approach. Examples of the "reserve cell

approach” are illustrated in U.S. Patent No. 4,731,643 and U.S. Patent

"No. 4,746,966. According to the reserve cell technique, specific areas

are set aside on the integrated circuit chip for the input/output
circuits. Typically, these areas or cells are on the perimeter

of the circuit chip since the input/output circuit connections to
external circuits are traditionally on the edge of the integrated
ciieuit chip. These areas are sufficient for the input/output circuit
for the maximum anticipated function, including the drive, receive,
pull-up and other circuit functions (each for the maximum device size).
This number of reserved areas or reserved cells fixes the maximum number
of input/output circuits permitted for the semiconductor chip design.
Typically, a set of compatible circuit layouts are provided that _
implement each of the basic input/output functions required, such as the
drive function, the receive function, etc. The designer would then
select among these primitive 1ayouts to construct the.total function
desired. These components would then be placed in their preplanned
locations within the given input/output cell. Productivity with tﬁis

method is usually excellent because each primitive function only needs’
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to be laid out once. However, the resulting density of the integrated
circuit design is poor for several reasons. First, input/output cells
must be spaced apart from each other in énticipation of the worst
possible neighbéring circuit layouts. Second; specific space must be
resgrved in the cells for the largest anticipated specimen of each type
of primitive input/output function. Third, any unused input/output cell
space cannot be turned over to internal functional circuits because it
is fragmented and, therefore, difficult to place or wire efficiently.
Fourtﬁ; input/output circuit layouts are commonly coupled to the éackage
connection pitch (or output pin pad connections). These input/output
connection constraints often set the limit to input/output circuit

density.

A second type of traditional approach to input/output circuit
design for integrated circuité 1s termed the "integrated;function”
approach. The integrated function approach is actually a full custom

design method. In other words, no specific area is set aside for the

_input/output circuits. Traditionally, the input/output circuits always

appear upon the perimeter of the integrated circuit chip. Again, this
is becausé the input/output circuits provide the interface to the
“outside world" which means that the input/output circuits are connected
directly to the external pad connections upon the periﬁéter of the chip.
According to this method, a complete layout is done for each combination
of input/output primitive functions. If, for example, one function had
two driver types, two receivéi types and a pull-ﬁp load resistance, as
many as three times three times two or 18 layouts might be required.

The number of layouts is further multiplied if various form factors are
desired. For example, a form factor can be any one of the following:
(li a tall thin layout, (2) a square ldyout, (3) an "L" shaped layout or
(d) two layouts: one for each orientation with respect to the wiring
grid. The end result can be that_every input/output circuit becomes a
custom layout. This approach results in an'integrated circuit design

that can be very dense. However, the method is very labor intensive.

Both of the reserve space problems mentioned above for the reserve
cell approach are eliminated with the integrated function approach since

there are no input/output cells to reserve unused areas. However,
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achievable density is still limited because the circuits of one
input/output circuit must still be spaced apart from circuits of other
input/output circuits in anticipatidn of.possible circuit interference
(layouﬁ interference). A diffusion region connected to the outside must
be widely separated from another diffusion of arbitrary type, possibly
with a guard ring or two interposed. This is necessary to avoid
latcﬁ-up. Paékaging within a circuit is customized, but differing
functions that have been packed side by side may reéult in form factor
conflicts that also result in a loss of total density.

One type of technique that has been developed for ‘integrated
circuit layouts is termed "bit stack layout". According to the bit
stack layout philosophy, the location of circuits is dictated .by the

: wiriﬂg of those circuits. Traditionally, integrated input/output

circuits in bit stack configured semiconductor devices, are located on

the peripheral of the chip. In small scale integrated circuit designs

this was not a problem, since the edge of the chip was not far from any
of the other circuits on the chip. However, in very large scale

integration (VLSI), the edge is a distinct location different from the

~ inside portions of the chip. However, the input/output functions have

still been located at the edge because (1) the input/output circuits
were close to the integrated circuit package connection pads, (2) busses
that feed the input/output circui;#y include the power busses which have
traditionaliy been placed at the éége since they do not have to be fed
thfough the internal circuitry, (3). in complimentary MOS integrated
circuits, a parasitic effect termed "latch-up" exists and in order to
protect the internal chips from latch-up the input/output circuits
{which are more susceptible to latch-up due to the incoming voltage
variances caused by the interconnection to the outside environment) are
located such that they are spaced and isolated by guard rings from the
internal circuits which has resulted in their placement at the edge, and
(4) the input/output circuits are large and traditional packaging design
ﬁictates that the small circuits be placed together to reduce wire size

and to place large circuits elsewvhere.

An example of bit stack architecture is disclosed in U.S. Patent

No. 4,006,492 entitled, “"High Density Semiconductor Chip Organization".
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This patent illustrates a semiconductor chip layout method that provides
for plurality of logic cells that have been arranged in columns.

Another example is U.S. Patent No. 3,999,214 entitled, "Wireable Planar
Integrated Circuit Chip Structure”, which shows circuit functions
arranged in cells and the cells arranged in an orthogonal array of cells
that are substantially parallel in both orthogonal directions.- Another
example is U.S. Patent No. 3,798,606 which teaches a substrate providing

"electrical interconnection paths for several monolithic circuit modules,

wher§ each of the circuit modules is associated with distinct bits for
data processing by internal circuitry. A further example is U.S. Patent
No. 3,968,478 entitled, "Chip Topography for MOS Interface Circuit®.

~ This patent teaches a partial custom layout of peripheral input/output

circuits while illustrating internal circuit design using bit stack
methodology. Japanese patent application 58-137229 entitled,
"Semiconductor Device” (Abstract), illuétrates‘a circuit layout that
teaches a wiring optimization technique that tgaches separate placement

of input/output circuits.

Lastly, European Patent Application O 052 828 illustrates internal
circuits laid out in a bit stack structure, but also shows that the
input/output circuits are arranged as reserved cells along the

peripheral locations of the chip.

The above bit stack structure examples unanimously teach the layout
of input/output circuits as non-integrated circuit elements and,
further, provide for their location on the peripheral areas of the

integrated circuit. It is the object of the present invention to

provide for a method and layout of integrated input/output circuits that

enhances the density of the integrated input/output circuits in the

total integrated circuit chip layout.

Viewed from one aspect, the invention provides a method for
Positioning components of a plurality of input/output circuits on a
semiconductor substrate containing circuits in addition to said
input/output c1rcu1ts, each input/output circuit for process;ng a.single
bit in a multzple bit group, said method comprising the steps of (1)

dividing each input/output circuit into groups containing similar .. -
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funct;on subcomponents; (2) foxming a vertical column of subcomponents
for each input/output circuit and connecting said subcomponents to
perform said function; (3) placing said columns adjacently to form a
plurality of columns with like sﬁbcomponents immediately adjacent to
each other forming row groups of said like subcomponents; and (4)

forming guard rings around said subcomponent row group if required.

Viewed from another aspect, the inventiqn provides an integrated
circuit including a group of input/output circuits and other cifcuits,
said input/output circuits comprising; a plurality_of columns of circuit
components, each column representing all input/output circuit components
for processing a s;ngle data bit in a group of bits; a plurality of rows
positioned across said columns containing like devices amon§ said in-
put/output circuits; and at least one guard ring containing at least one
of said plurality of rows. )

i
An embodiment of the invention will now be described, by way of

example only, with reference to the agcompanying drawings in which:
Fig. 1A is a échematic diagram of é drive circuit;
Fig. 1B is a schematic diagram of a receiver circuit;
Fig. 2 is a layout diagram for three of the drive and receiver
circuits illustrated in Figs. 1A and 1B using the conventional layout

procedures;

Fig. 3 is a fldw chart illustrating the method of the invention for

laying out circuit devices;

Fig. 4 is an illustration of the step of grouping identical

components;

Fig. 5 is an illustration of the step of stretching each of the

components into a vertical string of subcomponents;

Fig. 6 is an illustration of the step of placing the strings of -
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subcomponents in horizontal rows;

Fig. 7 is an illustration of the two steps of packing the
subcomponents horizontally to overlap string edges and the step of

cutting the rows into convenient lengths of macro circuits;

Fig. 8 is an illustration of the step ot adding the guard rings;

and
Fig. 9 is an illustration of an actual layout using the invention.

This invention relates to the layout of input/output circuits in a
semiconductor device. As previously discussed, the objective of this
invention is to provide a method for minimizing the surface area
required for input/output circuits on the semiconductor device surface.
The I/0 circuit: (1) provides_?uffér/amplification to drive off-chip,
{2) provides protection to internal circuits, (3) conditions incoming
signal to create good electronic voltage levels to drive internal
circuits and (4) isolates external world from chip to perform testing
within chip. It should be understood that to properly utilize this
invention, the integrated circuit being fabricated should contain a
multiple of input/output circuits. In addition, this invention provides
the greatest advantage to the‘large number of circuits that are being

integrated on a single semiconductor substrate.

Figure la and Figure 1b illustrate two portions of a input/output
circuit. It should be understood that it is necessary in the layout of
an integrated circuit chip to provide multiple of these types of
input/output circuits. The specific circuits in Figures la and 1b are
merely provided for example and the same methodology applied to these
circuits may be applied to other input/output circuits. In Figure la a
drive control circuit 8 is comprised of two NAND gates 10 and 14 that
are connected to an inhibit input 5 and a data input 7. Additionally,
the inhibit input 5 is connected to an inverter 12 which is in turn

connected to the input of NAND gate 14. The output of NAND gate 10
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drives a P chaghel device 16. The output of NAND gate 14 drives the N
channel device 18. The P channel device 16 is connected Vdd and the
output 19 that will be provided to a pad or output pin from the
integrated circuit devige itself. Likewise, the N channel device 18 is
connected between ground and the output 19. The P channel device 16 is
aP channe; field effect transistor. Likewise device 18 is an N channel

field effect transistor.

Figure la is another portion of the input/output circuit being
fabricated. The pad providing the output signal in Figure la is also
connected to the circuit in Figure 1b. A signal on line 19 is provided
to. a receiver circuit 20 which provides an output on line 21 to the
internal circuits of the semiconductor device. BAlso, line 19 is
connected to two diodes 22 and 24. Didde 22 is further connected to Vdd
and diode 24 is connected to ground. The diodes 22 and 24 provide
electrostatic discharge protection to the receiver 20. The circuits in
Figure la and 1lb are fabricated together to provide a bidirectional in-
put/output circuit. As discussed above, a multiple of these circuit
types are used to provide input/output data flow for the integrated

circuit chip.

A conventional layout of three such input/output circuifs as
illustrated in schematic form in Figure 1 (axe illustratéd in layogt
form in Pigure 2). The layout of these three input/output circuitémis
in accordance with the prior art. The typical input/output circuit will
be fabricated at the.chip edge 26 and consist of the two electrostatic
discharge diodes 22 and 24 laid out as shown. Aadditionally the P
channel device 16 is laid out as shown including the two guard rings 15
and 13. Adjacent to the P channel device 16 is the N chahnel device 18
that includes fhe guard ring 17. Adjacent to the N channel device 18 is
the receiver 20. On the other side of the receiver 20 is located the
drive control 8. These devices wiil be .interconnected with a
metalization layer not shown. However, similar input/output circuits

are laid out in a similar fashion as shown.

Figure 3 illustrates the inventive method for providing a mere

efficient layout of a multiple of input/output circuits on an integrated
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circuit semiconductor device. In step 50, the total input/output device
is divided into components. In input/output circuits there are three
basic components, the output control drive circuit (OCD), the
eleétrostatic discharge protection circuit (ESD), and the receiver
circuit (RCV). In'step 52, the components that are identical are
grouped togefher. In other words all of the driver circuits are grouped
(if there were two significant difterent driver types, two driver groups
should be formed), all of the ESD circuits are grouped and all of the
receiver circuits are grouped. Thén each group is dealt with separate-
ly. For example, the drive circuits, receiver circuits and ESD
protection circuits are grouped together as shown in Figure 4. Note
that these layouts illustrated in Figure 4 are similar for the -
components as illustrated in prior art Figure 2. However, the location

of the components relative to each other has now Been changed.

:Taking as an example the drive circuitry, in step 54, the like
components are then stretched into a vertical string of subcomponents.
An example of this .for the drive circuit is illustrated in Figure 5
where_the.drive circuit 14 is placed on top of the N channel device 18
which is located on top of the P channel device 16 on top of the drive

control circuit 10.

In étep 56 (Figure 3) the strings are placed in horizontal rows.
Figure 6 illustrates this step being performed on three driver
components. Note that the like components are placed adjacent to each

other. 1In other words the N channel device 18 is placed adjacent to the

like N channel device 18' and another input/output circuit.

In step 56, these circuits aré'then packed horizontally to overlap
their string edges. This is illustrated in Figure 7. Additionally, in
step 60 (Figure 3), the rows are cut into convenient length of macros.

- In other words, the like devices once packed horizontally are then cut
into macro devices that can be replicated. Both of these steps are
illustrated in Figure 7. The horizontal packing to overlap edges is
illustrated as the removal of a single guard ring for the N channel
device 18 and placing the N channel device 18 directly adjacent to the N

channel device 18' along with the other N channel devices as shown.
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These N channéi=devicés are able to the placed in close'broximity qince
_ the layout rules for both are identical and the anti?latch-up
constraints on both are similar. (Omitting the intérposing ring may
allow one driver in_latchéup to take a second with it, but even one
driver in latch-up is fatal.) All of these devices (4 as illustrated in
Figure 7) are then surrounded by a single guard ring 122. Likewise the
P channel devices 16 and 16' are placed in close'adjacency and then all
of the devices are surrounded by the two guard rings 108 and 120 as
opposed to being surrounded by individual quard ring pairs as taught by
the prior art. The drive control circuitry 14 and 14' are also placed
in close adjacency as illustrated as rows 100 and 102 since the layout
rules for both are identical. This would be in the embodiment the drive
control NAND gate 14 including the diode 12 -(not shown). Likewise the
drive control NAND gate 10 would be placed adjacent to the P channel’

output device 16 as shown.

Step 62 (Figure 3) provides that the quard rings be added t? the
subcomponent rows as required. In actuality the guard rings will be
made z;méommon ES& provided as shown in Figﬁfe 8. The guard ring 122
(Figure 7) now becomes guard ring 104 that extends to the drive control
portion 100 and 102 for the N'channel device 13 {representing the NAND
gate 14 and diode and inverter 12). This guard ring 104 is the same as
the guard ring 106 which is surrounding the P channel devices such as P
channel device 16 and provides separation in the NAND gate.lo drive
control portion consisting of areas 130 and 132. It should be apparent
in comparing the guard rings 122, 120 and 108 of Figure 7, and
especially Figure 6, to the guard ring structure 6f 104, 106 and 108 gf
Figure 8 that a considerable space savings has been achieved by the

commonality of quard rings.

In step 86 then the component macro sets are used to fabricate the
required number of input/output circuits. For the receiver circuits,
steps 64, 66, 68, 70 and 72 are identical to steps 54, 56, 58, 60 and 62

tor the drive circuitry. Therefore these will not be discussed any
further.

For the electrostatic discharge device (ESD) protection, step 74
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provides that a determination be made if othex components are self'
protected. If these other components are self protected, by means such
as internal clamps, then the method according to step 88 deletes all
exterior electrostatic discharge protection devices. If, however, the
feceivers and drivers are not selt protected, then the method according
to step 76 provides that these components be stretched into vertical
strings of subcomponents in a manner similar to that of step 54 for the
drive circuitry. Likewise steps 78, 80, 82 and 84 are identical to
steps 56, 58, 60 and 62 for the drive circuitry and wiil not be
discussed further. The elements of the drive circuitry do not require
separate electrostatic discharge protection because these elements
include a self protecting mechanism of parasitié transistors aé'
described in co-pending European Patent Application No., ===-- s a copy of

which may be found on the file of the present application.

Figure 9 is an illustration of the actual layout that results from
the method of Figure 3 for a set of OCD's. Note that the layout
illusﬁrates the P channel output device 16 with the N+ diffusion guard
rings 108 and the N-well guard’rings 104 and 106. Likewise the control
drive circuit 100 and 102 are illustrated with the guard ring 104. The
N channel device 18 and P chanﬁel device 16 are further illustrated.
The P channel control circuitry 130 and 132 are shown at the bottom of

Figure 9.

By using this technique integrated circuits may be laid out that

include macro sets made up of devices of like fabrication packed closely

_together and sharing guard rings. In addition, devices having opposite

characteristics may be located in adjacency and may share & common guard
rings. By using this method, the resulting topological layout of the

input/output devices will result in carcuitry arranged in bit parallel

- fashion with the like circuit components adjacent horizontally.

While the invention has been described with reference to the
illustrated embodiment, this description is not intended to be construed
in a limiting sense. Various modifications of the illustrated

embodiment as well as other embodiments of the invention will become .
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apparent to those persons skilled in the art upon reference to this
. description. It is, therefore, contemplated that these appended claims
will cover any such modifications or embodiments as fall within the true

scope of this invention.
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- : CLAIMS

1. A method for positioning‘components_of-a plurality of input/output
circuits on a semiconductor substrate containing circuits in addition to
said input/output circuits, each input/output circuit for processing a
single bit in a multiple bit group, said method comprzsxng the steps of:

(1) dividing each input/output circult into groups conta1ning

" gimilar function subcomponents;

{2) forming a vertical column of subcomponents for each
input/output circuit and connecting said subcomponents to perform said
functaion;

(3) placing said columns adjacently to form a plurallty of columns
with lzke subcomponents immediately adjacent to each other forming row
groups of said like subcomponents; and

(4);formipg guard rings around oaid subcomponent row group if

required..

2. A method as claimed in Claim 1 wherein.step (1) includes dividing
said subcomponents into driver, receiver or electrostatic discharge

protection functicnal subcomponent groups. .. .

3. A method as claimed in any one of Claims 1 or 2 wherein step (2)
includes placing said subcomponents in like positions relative to

placement of like subcomponents in other columns.

4, A method as claimed in any one Qf_Claims 1, 2 or 3 wherein step (3)
includes packing said like subcomponénts in close adjacency forming said

row groups.

5. A method as claimed in any preceedlng cla;m wherein step (4)

1nc1udes combining guard rlngs where appropriate.

6. A method as claimed in any preceeding claim wherein step (3)
further includes the placing of each of said columns according to a
relative position of the input/output circuit's bit in the bit group.

7. A method as claimed in any one of Claims 2 to 6 whereain the step of
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of determining it electrostatic discharge protection circuits are

required and, if not, removing any electrostatic discharge circuits.

8. An integrated circuit including a grdup of input/output caircuits
and other circuits, said input/output circuits comprising;

a plurality of columns of circuit components, each column
representing all input/output circuit components for proce551ng a single
data bit in a group of bits; -

a plurality of rows positioned across said column; containing like
devices among said input/output circuits; and

at least one guard ring cohtaining at least one of said plurality

of rows.

9. An integrated circuit as claimed in Claim 8 further including an
electrostatic discharge protection circuit device positioned to provide

protection for a complete row of devices. : i

10. &an integrated circuit as claimed in Claim 9 wherein guard rings for_

different rows are combined as appropriate.
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