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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 chlp 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

'ﬁb. 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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itegrated circuits since it is the input/output circuits that provide the
I nterface between the "outside world" and the internal integrated circuit

chip functions. - One typical prior art approach to fabricating
i nput/output circuits is termed the reserve cell approach. Exanples 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

I nput / out pylrocdg-oor ts. Typically, theseszareas or cells.are on the perineter
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Productivit W|thth|; thod is usuallsy exce Ient eéj ach’primtive
function o on % .hzgput output circuit layouts are commonly coup e pa ge

connectlon 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 1nput/output circuit
design for 1ntegrated c1rcu1ts 1s termed the "integrated’ "function"”
approach. The 1ntegrated fuqctlon 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 rece;ver types and a pull-up 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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However, the

resulting density of the integrated circuit design is poor for several

sreasons. First, input/output cells nust be spaced apart fromeach other in
anticipation of the worst possible.neighboring circuit |ayouts.
specific space nust be reserved in the cells for the |argest anticipated

speci men of each type of primtive input/output function.
i nput/outp
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Third,

Second,

any unused

U _Sebb, SpPace cannot be turngd over to internal functional

circuits because i1t is fragnented and, "therefore, . difficult to place, or
wire efficiently. Fourth, input/output circuit |ayouts are commonly coupl ed
to the pacingérab0é @easitdNiadbtl {1it&bidtuseithe PACHIABNEC bAONS) .

These
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input/output circuits in anticipation of possible circuit interference

{layout 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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A Second type of traditional approach to input/output circuit design for
integrated circuits is ternmed the "integrated function" —approach.—The.

integrated function approach is actually a full custom deﬁﬁm as@egﬂRpﬁced

ot her words, no specific area is set aside for the input/

Traditionally, the input/output circuits always appear upo

of the integrated circuit chip. Again, this is because the

cirCuits provide the interface to the "outside world" which neans that the
i nput / out put asg-poLbot7rs are connected direcdly to the.external pad
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reserve unuseéatagprasessipghyy dnaternal circuitry. A further example is U.S. Patent
No. 3,968,478 entitled, "Chip Topoéraphy for MOS Interface Circuit”.

_ This patent teaches a partial custom layout of peripheral input/ocutput
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 0 052 828 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 circuits, each input/output circuit for processing a.single
bit in a multiplé bit group, said method comprising the stéps of ti)'

dividing each input/output circuit into groups containing similar .. -
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because the circuits of one input/output circuit nust st|II apart
sfromcircuits of other input/output circuits in ant iT& ' ossi bl e
circuit interference (layout interference). A dlffusy ted to
the outside nust be -w dely separated from another di trary

type, possibly with a guard ring or two interposed. ThIS ry to
avoid | atch-up. Packaging wWithin a circuit is custonized, but dlfferlng
functions thakgolyaduepdeen packed side by sgde may result in form factor
conflicts that also result in a loss of total density. One type of
t echni que that has been devel oped for integrated circuit |layouts is terned
"bit stack | #poction shbewpdpengst d2) Heerhing 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 -



stack | ayout philosophy, the location of circuits is dictated by the wiring
~of those circuits. Traditionally, integrated input/output circuits in bit
stack configured sem conductor devices, are |ocated on the peripheral of
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since the edge of the chip was not far fromany of t i f&cts on
the chip. However, in very large scale integration (W‘M’ﬂmﬂ ’e s a
distinct | oc?PERWHterent fromthe insi%e portions ¥ However ,
the input/output.functions have still been.located at the edge because (1)
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entitled, "H gh Density Sem conductor Chip Organization".

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 Puffér/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 integr;ted circuit being fabricated should contain a
multiple of input/output circuits. In addition, this invention provides
thé 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
-eircuit. 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 B 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-fo an inverter 12 which is in tumn
connected to the input of NAND gate 14. The output of NAND gate 10
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This patent illustrates a sem conductor chip |ayout nethod that -provides
for plurality of logic cells that have been arranged in colums. Another
exanple is U S Patent No. 3,999,214 entitled, "Wreable Planar |ntegrated
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 exanple is
U S. Patent RWB2-9970038, 606 which teaches & substrate providing electrical

I nt erconnection pat hs for several nonolithic circuit nodules, where each
of the circuit, nod cshas assomated W th di Stl nct bits for data pr.ocessi ng

by internal &FF (?ﬁlac Fy 2k APYATEr L% x afhs) RtPut GEJAND gatR 14\@rives 5b8 M 7g
entitled, "Chhgnelclsvigeapdy Thor PNDEnhelt devize c16Cis cuntetted N apdttbat t eaches

a partial cughQuk! Byertle Q111 ve 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. . ' L PR

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



peri phzeral [ nbut/out put circuits while illustrating internal ‘circuit desi gn
using bit stack nethodol ogy. Japanese patent application 58-137229

entitled, "Sem conductor Device" (Abstract), illustrates a circuit |ayout
that teaches a wi-ring optim zation technique that teaches separate

pl acement of input/output circuits. Lastly, European Patent
Application O 052 828 illustrates internal circuits lad out in a bit stack
structure, bmt9-ab<s®@7shows that the input/®utput circuits are arranged as
reserved cells along the peripheral |ocations of the chip. The above

bit stack structure exanpl es unani nously teach the |ayout _ﬁut/output
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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.



| Aput /output circuits on an integrated circuit sem conductor substrate
containing other circuits, said input/output circuits conprising: a
plurality of colums of circuit conponents, each colum representing all

i nput/output circuit conponents for processing a single data bit in a

group of bits; a plurality of rows positioned across said colums, each row
contai ning |jdg€eo-dE¥i ces anong sai d inpug/output circuits and at Ieast one
guard ring containing | east one of said plurality of rows.

Accordi ng to another aspect of the present invention there is provided a
group of - i rpesd sutipntelc BeCises sarerakia tontisgpidced o clnset prosimitprdnet or

substrate c Q&te jfé}b{i‘fg rQiJl-e onC b&ﬁ-P bt sgertdbsh LHPYHL QuiRUbe&-hEUI tS
conpri si ng; urality col.ums_of circuit conponents, each colum
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data bit in gllow one driver in latch-up 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 pe
made I;-common ;Ld provided as shown in Figure 8. The quard 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 Fxgure 7, and
especxally Figure 6, to the guard ring structure of 104, 106 and 108 of
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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group of bits; a plurality of rows positioned across said colums, each row
contai-ning |ike devices anong said input/output circuits; and at |east one
guard ring containing at |east one of said plurality of rows.

According to still another aspect of the present invention there is
provided a group of input/output circuits on an integrated circuit

sem conduct or substrate containing other circuits, said input/output

"circuits co |suﬂg a plurality of colqgns of circuit conponents, each

col um repr@ i nput / out put circuit conponents for processing a single
data bit in a group of bits; a plurality of rows positioned across said

col umms, eaggwlaag alel Q'Jé'tgﬂmhh{‘fondfé’ nE&sS 1 £ FFREO c&@oﬂedt@pwe/ gaiteput
circuits; Ieast one guard contalnl st. one of said
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|nput/output CIrCUItS coO rrsin ur al |ty of ms of. circ Jt
conponent s, r@gﬁ&ﬁers 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 elemggts
include a self protecting mechanism of parasitié transistors as
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 integ?ated 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 adjacenf 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 .



col umm representing input/output circuit conponents for processing a single
data bit in a group of bits; a plurality of rows positioned across said
col umms, each row contai ning devices of like function anmong said
input/output circuits; and at |east one guard ring containing at |east one
of said plurality of rows. According to yet another aspect of the
present invention there is provided a method for positioning conponents of
a plurality xmo-9a300%/output circuits on alsem conductor substrate
containing circuits in addition to said input/qutput circuits, each
i nput/output circuit for ‘processing a single bit in a multiple bit group,
sai d met hod FBAFAESThEhTasePLIeaps shillefin f—%ﬁ FFYivRY” éﬁ%ﬁfeP‘f?pﬁ‘F)/tBh‘f put
circuit intoaggepipsorcontatisj nfesdford atodtisnplated thathtbeqeoamendsd ¢Rinsf or m ng-
ca vertlcal colyndbygt aﬁgg&emefﬂtcmoqg GAGHbdadhALL QUL Bl1E ithEilihe AR
connecting said sub-conhponents to performsaid function; (3) placing said
col urms adj aesere 19f tdsf HvAREonp| yrality of colums with |ike subconponents
i mredi at el y adj acent to each other form ng row



Ra groups—of—said [i ke subconponents, and (4) fornming at |east one guard
ring a ey - conponent row group.- Accordi ng to yet anot her
asﬂ&‘“\%ﬂi@“‘@“mﬁt i nvention there is provided a nmethod for positioning
corpk i nput/output circuits on a sem conductor substrate
~containing other circuits in addition to said input/output circuits, each
i nput/output circuit for processing a single bit in a nmultiple bit group,
sai d met hqgocgoxpoi si.ng the steps of: (13 separating input/output
subconponent circuit conponents from conponents of said other C|rCU|ts,,(2)
ditvi di ng each input/¢dutput circuit into conmponent groups wherein each group
contains a plurality of subconponedF§I¥%terconnected to performa
function; (3) form ng vertical colum portions of subconponents for each

| nput / out put %'f [SHloh @A}dp&sqe ?Out m@a&ssupgogﬁﬁgff&soé pdP5RGEN sai d

function; orm ng circuit colum™for each bit by
pIaC||1g sgpygcults on a sem1conductor substrate containing circuits in add;t:on 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
function; '

(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 said 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 wherein the step of
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pl aci ng said vertical colums in adjacency to forma
s with like subconponents inmedi ately adjacent to each
ot her form ng row groups of said |ike subconponents; and (6) form ng at
| east one g%def; gg around said sub- con‘g nent row group.
DESCRI PTI ON H PREFERRED ENMBCDI MENT( ? An enbodi nent of the
~invention will now be described, by way of exanple only, with Teference to
t he acconpargs &l&edﬁﬁ%@gs éJJ&clM‘Hs&htic d;schaﬁbgproié:dx& aisaliesmirec di agr am of

a drive CIrCUIt sche r r circuit;
I'—‘Ig 21is a’ig‘fl efl ac'lmégram V%' eano’fn? gﬁ%a\%gc anol‘QIa efg%gh\éslercwts

illustrated in Figs. 1A and 1B u5| ng the conventional |ayout procedures;

Fig. 3is agl ownctwegratleh uakedlt DE1LdegRighesh 6f ihper/ckntdeBufter | aying
out circuit

iﬂjl ﬂ“ tlons In vertical adjacentancy and connecting said

QEHébgr circults, 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.

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

different rows are combined as appropriate.
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Fig. 4 is an illustration of the step of grouping identical'conponents;

‘Fig. 5is anillustration of the step of stretching each of the conponents
. into a vertical string of subconponents; . Fig. 6is an illustration
of the step of placing the strings of AT9- 90- 007
6 subconponents in horizontal rows;
AT9-90-007 14
e - ABSTRACT

BIT STACK COMPATIBLE INPUT/OUTPUT CIRCUITS

In accordance with the teachings of this invention a method for
positioning components of input/output circuits‘is provided. These
components are positioned on a semiconductor substrate. The'semicon-
ductor substrate includes other than input/output circuits. Each
input/output circuit is provided for processing a single bit of
information within a data word containing multiple bits. The method
includes the step of (1) dividing each input/output circuit into groups
contalnlng similar functional subcomponents. (2) férming a vertical
column of subcomponents for each 1nput/output circuit and connecting
these subcomponents to perform the function; (3) placing said columns in
adjacency to form a plurality of columns with like sﬁbcomponents immedi-
ately adjacent to each other forming row groups of said like '
subcomponents; and (4) forming guard riﬁgs around the subcomponent row

groups if required.

Also in accordance with_.this invention, a group of input/output
circuits is provided. The group is positioned on an integraﬁed circuit
substrate that contains other than input/output circuits. The
input/output circuits group includes a plurality of columns of circuitry
component where each column represents all of the input/output circuit
components for proceséing a single bit of information in a group of
bits, a plurality of rows positioned across the columns containing like
devices among said input/output circuits, and at least one guard ring

containing at least one of the plurality'of Yows.

This Sheet Has Been Replaced

LT




igd 7 is.an illustration of the two steps of packing the subconponents
wrizontally to overlap string edges and the step of cutting-the rows into

kbonvenient | engt hs of macro circuits; Fig. 8 is an illustration of
the step of adding the guard rings; and Fig. 9 is an illustration
of an actual |ayout using the invention. This invention relates to

the 1 ayout of input/output circuits in a sem conductor device. As
previously discussed, the objective of this invention is to provide a

met hod for mnimzing the surface area required for input/output circuits
on the sem conductor device surface. The I/{Qg@ircuit: (1).provides
buffer/anplification to drive off-chip, (2) provides protection to interna
circuits, (3) conditions incomng signal to create go 3e|eg&gonic vol tage
levels to drive internal circuifs and (4) isolafes ern rld fromchip
to performtesting wthign ¢hip. It should be unﬂﬁrSUOOd that to properly
utilize this invention, Yhé integrated circuit ing fabri

contain a nultiple of i Iy addition | & i nvention
provi des the greiNHIBIT (Bl?I?P at are
bei ng i ntegrated ORra2
oo - 13
TO
® PAD
_}/—18

N
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FIG. 1A | oo,

19 . 21

TOCHIP ™ .
FROM ) . ) . INTERNAL
PAD CKTS
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v
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22

& Eeso

. ]

FIG. 1B & 2




Fi\gure la and Figure Ib illustrate two portions of a input/output circuit.
It should be understood that it is necessary in the |ayout of an integrated
circuit chip to provide nultiple of these types of input/output circuits.
The specific circuits in Figures la and Ib are nmerely provided for exanple
and the sane nethodol ogy applied to these circuits may be applied to other

I nput/output circuits. In Figure la a drive control circuit 8 is conprised
of two NAND gates 10 and 14 that are conne@{@d to an inhibit input 5 and a
data input 7. Additionally, the inhigdhv QNaﬁh connected to_an inverter,
12 which is in turn connected to th E@ﬁw gate 14. The .out put of
NAND gate 10 . AT9- 904 007 ] 8
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dfives a PTWARRAT device 16. The output of NAND gate 14 drives the N

4]

PR S

channel device 18. The P-channel device 16 is connected Vdd and the out put:
19 that will be provided to a pad or output pin fromthe integrated circuit
device itself. Likew se, the N channel device 18 is connected between
ground and the output 19. The P channel device 16 is a P channel field
effect transistor. Likew se device 18 is an N channel field effect

transi stor. Figure la is another poréi8$ of the input/output circuit
bei ng fabricated. The pad providing the ou ﬁ signal in Figure lais also
connected to the circuit in Figure Bs-mzﬁ-l gnyl on line 19 is provided to a
receiver circuit 20 which provi des\aa - On line 21 to the interna
circuits of the sem conductor devlce. o, line 19 is connected to two

.di odes 22 and 24. .Diode 22 is furt\her cq nected to vdd and dlode 24 S

connected to ground. The di odes 27
protection to the receiver 20. The CBRENKmﬁbln Ffgure la and 1b are

fabricated together to provide a bldeEENENMSI - put/output circuit. As
di scussed above, a nultiple of t s are used to provide

| nput/out put data flow for the |ntegrateoEC|rCU|t chi p. A "
_canventional |ayout of three such input -utpum circuits as |IIustﬂated I n
schematic formin Figure 1 (are illu pe 2).
The layout of these three inggp o Igsp N 2 cotﬁﬂgge W _hyEge

t IBENBGAE wi T

prior art. .The typi ¢ R = COMPONENTS SELF-

PROTECTED

5§ DELETE |
STRETCH EACH INTO STRETCH EACH INTO 7 STRETCH EACH INTO 7
VERTICAL STRING OF VERTICAL STRING OF VERTICAL STRING OF
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= ' LE Wl
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be fabricated at the chip edge 26 and consist of the two electrostatic
di scharge diodes 22 and 24 laid out as shown. Additionally the P channel
device 16 is laid out as shown including the two guard rings 15 and 13.
Adj acent to the P channel device 16 is the N channel device 18 that

i ncl udes the guard ring 17. Adjacent to the N channel device 18 is the

receiver 20. On the other side of the receiver 20 is |ocated the drive

tontrol 8. These devices will be interconggagted with a netalization |ayer
not shown. However, simlar input/output circuits are laid out in a simlar
f ashi on as shown. " Fi gGROUPIDENTICAL GOMPONENT@Nt i ve nethod for

providing a nore efficient layout of a nultiple of input/output circuits on

an integrated - AT9- 90- 007 8
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circuit sem conductor device. In step 50, the total input/output device is
di vided into conponents. In input/output circuits there are three basic
conponents, the output control drive circuit (OCD), the electrostatic

di scharge protection circuit (ESD), and the receiver circuit (RCV). In step
52, the conponents that are identical are grouped together. |In other words
all of the driver circuits are grouped (if,fhere were two significant
different driver types, two driver groupsSls ould be fornmed), all of the ESD
circuits are grouped and all of the receiver circuits are grouped. Then:
each group is dealt with separate- |ly. For _exanple, 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 simlar

for the conponents as ill ust EFCFI'EMIHGOW@NEN’BWFOZ- However, the

| ocation of the component yereieAL STHINGSOF SUBOOMPONENTS been changed.
Taki ng as ‘an exanple the drive C'-ngOUD/SHb?I tep 54, the |ike conponents
are then stretched into a vertical string o ubconmponents. An exanpl e 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.

14 - _f8 ____

In step 56 (Figure 3) the stri ngs--anr-e—-p&@edfi-n— ri zontal -rows.
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Ffrgure 6 illustrates this step being perfornmed on three driver. conponents.
Note that the |like conmponents are placed adjacent to each other. In other
words the N channel device 18 is placed adjacent to the Iike N channel
device 18 and another input/output circuit. In step 56, these
circuits are 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 nacros. In other words, the |ike devices
once packed horizontally are then cut into macro devices that can be
replicated. Both of these steps are illuséy&ed in Figure 7. The horizogntal
packing to overlap edges is illustrated as the renoval 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. PLACESTBIN&TNQHDWONTALROWS
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These N channel devices are able to the placed in close proximty since the
~layout rules for both are identical and the anti-latch-up constraints on
both are simlar. (Omtting the interposing ring nay allow one driver in
| atch-up-to take a second with it, but even one driver in latch-up is
fatal.) Al of these devices (4 as illustrated in Figure 7) are then
surrounded by a single guard ring 122. .Li kewi se the P channel devices 16
and 16' are placed in close adjacency and7fBen all of the devices-are
surrounded by the two guard rings 108 and 120 as opposed to being S
surrounded by individual guard 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 si |l es for both are
identical. This would be in thecq{i:%xhgnéﬂ Nll'Au"'y’lﬁ-montroI NAND gate 14
including the diode 12-(not shown). Likew se the drive control NAND gate 10
woul d be placed adjacent to the P channel output device 16 as shown.
Step 62 (Figure 3) provides that the guard rings be added to the .
subconponent rows as required In actual Ljhwy the guard rings will be nade
in common. and provided as shﬁﬁﬁ in Figurﬁ/%. The guard ring 122 (Figure 7)
nom/becones_guard1bg
cha

g 104 tiat extends ¥o the drive _control portion 100
and 102 for the N

| devi &Z18 (ggres@-rg ng t&E&ENAND g
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- further. For the electrostatic dis

sontrol portion consisting of areas 130 and 132. It shoul d ‘be apparent in
conparing the guard rings 122, 120 and 108 of Figure 7, and especially
Figure 6, to the guard ring structure of 104, 106 and 108 of Figure 8 that
a consi derabl e space savings has been achi eved by the conmmonality of guard
rings. In step 86 then the conponent nmacro sets are used to
fabricate the required nunber 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. Thereforegt ? se will not be discussed any
@H rge device (ESD)" protection,

step 74
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AT9-'90- 007 10 provi des that a determ nation be
~made i f other conponents are self protected. If these other conponents are

self protected, by nmeans such as internal clanps, then the nmethod according

to step 88 deletes all exterior electrostatic discharge protection devices.

I f, however, the receivers and drivers are not selt protected, then the

nmet hod according to step 76 provides thqi hese conponents be stretched

into vertical strings of subconmponents i '8 manner sinilar to that of step

54 for the drive circuitry., Likewse steps 78, 80, 82 ang 84 .are igentical

to steps 56, "0BS, 'G@'an'aizﬁé P Qe dr&q}eprpgr"cuiqzlly a&ﬁ'i wi%'g ngé a} % T

di scussed fUyF@her. ' The el enents of the drive cifcuitry do not require
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Fi gure 9. . By using this technique integrated circuits may be fegisef zres
out that include macro sets nade up of devices of like fabrication packed
closely together and sharing guard rings. In addition, devices having
opposite characteristics nay be |ocated in adjacency and may share a common
guard rings. By using this nethod, the rﬁfuliing t opol ogi cal | ayout of the

| nput/out'put devices wll result in circuitry arranged in bit parallel
fashion with the like circuit conponents adjacent horizontally.

Whil e the invention has been described with reference to the illustrated
enbodi nent, this description is not intended to be construed in a limting

sense. Various nodi f BERSTACK CONMPATIRL EINPUEOUEIHYTICIRCUIES Wel | as ot her
enbodi nent s of the i nventi on wi Il becone

" ABSTRACT

In accordance with the teachings of this invention a method for positioning components
of input/output circuits is provided. These components are positioned on a semiconductor
substrate. The semiconductor substrate includes other than input/output circuits. Each
ihputlputput'circuit is provided for processing a single bit of information within a data word

containing multiple bits. The method includes the step of (1) dividing each input/output circuit
ink>gﬁmps¢omahﬁmgshnﬂm:ﬂnmﬁomﬂsﬁbmxnwnmnm;(Z)ﬁmmMngzivmﬁmﬂ column of
subcomponents for each input/output circuit and connecting these §ubcompdnents to perform
ﬂmihmth;Cﬂ]dmdngsﬁdcmhmmminadhuﬁthoﬁmnlaphEMHy(ﬁimmmnm‘wﬁhlﬂm
sdbcomponeﬁt’s immediately adjacent to each other forming fow groups of said like
subcbmponenxé; and (4) forming guard rings around the subcomponent row groups if required.
Also a group of input/output circuits is provided. |

Fig. 4 ' |

b anmriann s,
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AT9-90- 007 11 apparent to those persons skilled
in the art upon reference to this description. It is, therefore,
.contenplated that these appended clains will cover any such nodifications
or enbodiments as fall within the true scope of this invention.

12 CLAIMS 1. A group of

Il nput/output circuits on an integrated circuit sem conductor substrate
containing other circuits, said input/outpyy circuits conprising: a
plurality of colums of circuit conponents; gaCh colum representing al

| nput/output circuit conponents for processing a single data bit in a
group of bits; '
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parallel in both orthogonal directions. Another example is U.S. Patent No. 3,798,606 which

teaches a substrate providing elecfrical interconnection paths for several monolithic circuit
modules, where 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), illustrates a circuit layout that teaches a wiring optimization technique that teaches
separate placement of input/outpuf circuits.

Lastly, European Patent Application 0 052 828 illustrates internal circuits lad 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/outpﬁt
circuits as non-integrated circuit elements and, further, provide for their location on the
peripheral areas of the integrated circuit.

| SUMMARY OF THE INVENTION

It is an object of the present invention to meliomm one or more disadvantages of the
prior art.

According to one aspect of the present invention there is provided a group of
input/output circuits on an integrated circuit semicond'ﬁctor substrate containing other circuits,
said input/output circuits comprising: a plurality of columns of circuit components, each
column répresenting all input/output circuit components for processing a single data bit in a
group of bits; a plurality of rows positioned across said columns, each row containing like

devices among said mpquummWWmng at least one of

said plurality of rows. ﬁ( -----
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circuits, sard I nput/output clreul ts.conprising;
column representing oni" fiiput/output circuit components for processing a single data bit in a

group of bits; a plurality of rows positioned across said columns, each row containing like
devices among said input/output circuits; and at least one guard ring confaining at least one of
said plurality of rows. |

According to still another aspect of the present invention there is provided a group of
input/output circuits on an integrated circuit semiconductor substrate containing other circuits,
said input/output circuits comprising; a plurality of columns of circuit components, each

- column representing input/output circuit components for processing a single data bit in a group

of bits; a plurality of rows positioned across said columns, each row containing like devices
‘among said input/output circuits; and at least one guard ring containing at least one of said
plurality of rows. | i

According to still another aspect of the present invention there is provided a .group of
input/output circuits on an integrated circuit semicondﬁctor substrate containing other circuits,
said input/output circuits comprising; a plurality of columns of circuit components, each |
column representing input/output circuit components for processing a single data bit in a group
of bits; a plurality of rows positioned across said columns, each row containing devices of like
function among said input/output circuits; and at least one guard ring containing at least one of
said plurality of rows.

" According to yet another aspect of the present invention there is provided a method for
positiohing 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 comprising the steps of: (1)
dividing each input/output circuit into groups containing similar function subcomponents; (2)
forming a vertical column of subcomponents for each input/output circuit and connecting said
sub-components to perform said function; (3) placing said columns adjacently to form a

plurality of columns with like subcomponents immediately adjacent to each other forming row
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circuit deV| ce positioned to prow e Pprotect or a conplete row o

devi cescompo&entmggfugup of i nput/out put Ci rcw ts according to.claim?7
wherein at | east two adj acent rows include guard rings containing their
respecti ve Acsurdingeveyen anoitiet hspeet of thePredenvinyentich theré sgmrosided @ methodfon
guard ring area. 10. A group of input/output circuits on an integrated
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i nput/out put, circuits conprising; plurality of colums of circuit
conponegther, cicqiits ipadditions topsaids mt/ﬁlgpuhgmuméu@qmtmpuﬂoutput circuit for processing

a single bit in a multiple bit group, said method comprising the steps of: (1) separating
input/output subcomponent circuit components from components of said other circuits; (2)
dividing each input/output circuit into component groups wherein each group contains a
plurality of subcomponents interconnected to perform a function; (3) forming vertical column
portions of subcomponents for each input/output circuit and connecting said- subcomponents to
perform said function; (4) forming an input/output circuit column for each bit by placing said
vertical column portions in vertical adjaéentancy and connecting said column portions; (5)
placing said. vertical columns in adjacency to form a plurality of columns with like
'subcomponeifmts immediately adjacent to eaéh other forming row groups of said like
subcomponents; and (6) forming at least one guard ring around said sub-component row
group. |
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

An embodiment of the invention will now be described, by way of example only, with
reference to the accompanying drawings in which:

Fig. 1A is a schematic diagram of a 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 flow 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



> L]
3¢

circuit conponents for processing a single data ptt=ty-z
a plurality of rows positioned across sa-i:_d.._c;c_,)l.u" B
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bit inamltiple bit group, said nethod conpri sing the steps of:
circuit components for processing a single data bit in a group of bits;

a plurality of rows positioned across said columns, each row containing like devices
among said input/output circuits; and

at least one guard ring containing at least one of said plurality of rows.
2.  The group of input/output circuits according to claim 1 further including an electrostatic
discharge protection circuit device positioned to provide protection for a complete row of
devices. | _
3. The group of input/output circuits according to qlaim 1 wherein at least two adjacent
rows include guard rings containing their respective rows therein and the at least two guard
rings share a common guard ring area. f
4. A group of input/butput circuits on an integrated circuit semiconductor substrate
containing other circuits, said input/output circuits comprising;

a plurality of columns of circuit components, each column representing only input/output
circuit components for processing a single data bit in a group of bits;.

a plurality of rows positioned across said columns, each row containing like devices
among said input/output circuits; and

at least one guard ring containing at least one of said plurality of rows.
5.  The group of input/output circuits according to claim 4 further including an electrostatic
discharge protection circuit device positioned to provide protection for a complete row of
devices.
6. The group of input/output circuits according to claim 4 wherein at least two adjacent
rows include guard rings containing their respective rows therein and the at least two guard
rings share a common guard ring area.

7. A group of input/output circuits on an integrated circuit semiconductor substrate

containing other circuits, said input/output circuits comprising;

. * [ L n S *
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14 (1) dividing each input/output circuit into groups containing
simTar function subconponents; (2) formng a vertical colum of

subc i nput/output circuit and connecting said

sub- 3mnm“nlmmmﬁmror m sai d function; (3) placing said colums
adj acentlcy’ to forim'a plurality of columi® with Iike subconponents

| mredi ately adj acent to each other form ng row groups of said |like
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el ectroslt atic %r geﬁprgt ection unctllntt)na su com:}gnent groups. 15. A
net hod accog (iilﬁiﬁhf;o of lrawi poRitined Qicross tsaid Ealimhé)CldetiefowP coftaiting ¥ke devices
subconponents in

among said input/output circuits; and

at least one guard ring containing at least one of said plurality of rows.
8.  The group of input/output circuits according to claim 7 further including an electrostatic
discharge protection circuit device positioned to provide protection for a complete row of
| devices.
9. The group of input/output circuits according to claim 7 wherein at least two adjacent
rows include guard rings containing their respective rows therein and the at least two guard
rings share a common guard ring area. N
10. A group of input/output circuits on an integrated circuit semiconductor substrate
containing other circuits, said input/output circuits comprising;
a plurality of columns of circuit components, each column repi'esenting input/output
circuit components for processing a single data bit in a group of bits;
a plurality of rows positioned across said columns, each row containing devices of like
function among said input/output circuits; and |
at least one guard ring containing at least one of said plurality of rows.
11. The group of input/output circuits according to claixn 10 further including an
electrostatic discharge protection circuit device positioned to provide protection for a complete
row of devices.
12. The group of input/output circuits according to claim 10 wherein at least two adjacent
rows include guard rings containing.their respective rows therein and the at least two guard
rings share a common guard ring area.
13. 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 processmg a single bit in a multiple bit group, said method comprising
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according tQ.a telative 03|t1 n _of the . t/outout.cir.cuit's |t
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substrate cohtal other circuits 1n addition to said put
ci rcui tgonne@iiy daRPstiy-eotiypotentsab petfotmfisaid hcidssi ng a single bit in a
multiple bit group, said nethod conprising the steps of: (D

separ ati ng @Bhpuplacing psdid scélammp oadjatently r tuiformoapplueality 6f cvolmanpowitht tikef
said subcomponents immediately adjacent to each other forming row groups of said like
subcomponents; and |
(4) forming at least one guard ring around said sub-component row group.
14. A method according to claim 13 wherein step (1) includes d1v1dmg said subcomponents
into driver, receiver or electrostatic discharge protection functional subcomponent groups.
15. A method according to claim 13 wherein step (2) includes placing said subcomponents in
like positions relative to placement ot:' like subcomponents in other columns.
16. A | method ac_éording to claim 13 wherein step (3) includes packing said like
subcomponents in close adjacency foii'ming said row groups.
17. A method according to .claim 13 wherein step (4) includes combining guard rings where
appropriate.
18. A method according to claim 16 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.
19. A method according to claim 14 wherein the step of determining if electrostatic
discharge protection circuits are required and, if not, removing any electrostatic discharge
circuits.
20. A method for positioning components of all input/output circuits on a semiconductor
substrate containing other circuits in addition to said input/output circuits, each input/output
circuit for processing a single bit in a multiple bit group, said method comprising the steps of:
(1) separating input/output subcomponent circuit components from components of said
‘other circuits; |
(2) dividing each input/output circuit into component groups wherein each group

contains a plurality of subcomponents interconnected to perform a function;
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other circuits: (2) dividing each input/output circuit into conmponent

groups wherein each group contains a plurality of subconponents
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and ‘cornecting said subconponents to perform said f unct REFHAC 4)

form ng an i nput/output circuit colum for each bit by placing sai

ol - por t (e forithg ' eRfes Skt pBtordb 8BRS or HALE HbABAR, vt
forma ahweeﬁﬂ&%gma%m&kha tb?kﬁonﬁﬁﬁﬂmﬁms i medi atel y adj acent

to each other f

ng row groups of said |Ike
(4) forming an input/output circuit column for each bit by placing said vertical column

portions in vertical adjacentancy and connecting said column portions;

(5) placing said vertical columns in adjacency to form a plurality of columns with like
subcompbnents immediately adjacent to -each other forming row groups of said like
subcomponents; and '

(6) forming at least one guard ring around said sub-component row group.

21. A method according to claim 20 wherein step (2) includes placing said subcomponents in
like positions relative to placement of like subcomponents in other column portions.

22. A method according to claim 20 wherein step (3) includes placing said subcomponents in

~ like positions relative to placement of like subcomponents in other column portions.

23. A method according to claim 20 wherein step (5) includes packing said like
subcomponents in close adjacency forming Said Tow groups.

24. A method according to claim 20 wherein step (6) includes combining guard rings where
appropriate. _

25. A method according to claim 23 wherein step (5) 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.
26. A method according to claim 21 wherein step (2) includes a step of determining if

electrostatic discharge protection circuits are required and, if not, removing any electrostatic

discharge circuits.
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subconponents; and (6) formng at |east one guard ring around said
sub-conponent row group. 21. A nethod . according to claim20 wherein step
(2) includes dividing said subconponents into driver, receiver or

el ectrostatic discharge protection functional conponent groups. 22. A

met hod according to claim20 wherein stepid3) includes placing said
subconponents in like positions relative to placenent of |ike
subconponents in other colum:.portions. 23. A nethod according to claim
20 wherein step (5) includes packing said |ike subconponents in close

adj acency formng said row groups. 24. A nmethod according to claim 20
wherein step (6) inc C ] rd ] I late. 25. A
nmet hod according to %ﬁ%ﬁ@m&@?ﬁw&& ?ﬁ{iﬁéﬁ@ t he pl acing
of each of said colums according to a relative position of the

I nput/output circuit's bit in the bit group. 26. A method according to
claim 2ABSERACT step (2) includes a step of determning if electrostatic
di scharge protection circuits are required and, if not, renoving any

el ectrostatic _
' In accordance with the teachings of this invention a method for positioning components

of input/output circuits -is provided. These components are positioned on a semiconductor
substrate. The semiconductor substrate includes other than input/output circuits. Each
input/output circuit is provided fdr prbcessing a single bit of information within a data word
containing multiple bits. The method includes the step of (1) dividing each input/output circuit
into groups containing similar functional subcomponents; (2) forming a vertical column of
subcomponents. for each input/output circuit and connecting these subcomponents to perform
fhe function; 3) placing said columns in adjacency to form a plurality of columns with like
subcomponents! immediately adjacent to each other forming row groups of said like
subcomponenté; and (4) forming guard rings around the subcomponent row groups if required.
Also a group of input/butput circuits is provided.

Fig. 4
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| 3) forming. vertical column portions of subcomponents for each input/output circuit

and connecting said subcomponents to perform said function; |

@) forming' an input/output cireuit column for each bit by placing said vertical column
portions in vertical adjacentancy and connecting said column portions;

(5) placing said vertical columns in adjacency to form a plurality of columns with like
subcomponents immediately adjacent to each other forming row groups of said like

* subcomponents; and |

(6) forming at least one guard ring around sald sub-component row group.

21. A method accordmg to claim 20 wherem step (2) includes d1v1dmg saxd subooruponents .

into driver, recerver or electrostatic dlscharge proteqr n functlonal component groups :
22. A method according to clalm 20 wherem step (3) mcludes placmg sald subcomponents ln'f -

hke posmons relative to placement of like suboomponents in other column portions:;-

23. A method accordmg to claim 20 wherem step (5 includes packing sard hke

subcomponents in close adjacency forming said row grobips. o .

24. A method according to claim 20 wherein step (6) includes combining guard rings where

appropriate. | | | ' o

25. A method according to claim 23 whereiu step (5) further includes the pleeing of each of
.._\\:\?aid columns according to a relative position of the input/output circuit's bit in the bit group.

2\6‘$\ A method according to claim 21 ‘wherein step (2) includes a step of determining if

electrostgtic discharge protection circuits are required'and, if not, removing any electrostatic |

discharge circuits.
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