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1
UNIVERSAL PAD PITCH LAYOUT

BACKGROUND OF THE INVENTION

This invention relates, in general, to pad arrays, and 3
more particularly to pad configurations which can ac-
commodate more than one pad pitch.

The pad array is an external interface of a semicon-
ductor chip for coupling signals to the semiconductor
chip. Testing semiconductor die at wafer probe is per-
formed with a probe card having probe needles which
contact the semiconductor die on the pad array. Each
probe needle contacts a pad on the semiconductor die.
Most semiconductor die are placed in some form of
package. A package has electrical interconnects which
couple to the pads on the semiconductor die. .

High pad counts on semiconductor die are expected
as device densities and circuit functionality increase due

to processing advances. Pad counts are limited by sev- 20

eral factors. First, 2 minimum pad size is determined by
package interconnect or probe card needles. The pad
size must be large enough to support adequate contact
and insure good yield. Second, pad spacing or pad pitch

(the distance between pads) must be wide enough to 25

prevent package interconnect or probe card needles
from shorting together. Finally, the number of pads is
limited by physical space on the semiconductor die.
Staggering pads is commonly used to provide minimum

pad sizes at a minimum pad pitch. It should be noted 3,

that package assembly yields decrease and probe card

costs increase with increasing pad counts due to the

added complexities involved with finer geometries.
Defacto standards have been established on pad size

and pad pitch. Standardization is mainly due to the 35

large number of semiconductor, package, and probe
card vendors which sell products to each other and also
to keep costs down. Pad pitch has been standardized in
25 micron increments. For example, probe cards can be
purchased which contact semiconductor pads having
75 micron, 100 micron, 125 micron, 150 micron, etc. pad
pitches. Semiconductor die are built having a predeter-
mined pad size and pad pitch. Probe cards and packages
are built to couple to the predetermined pad size and

pad pitch. 45

All semiconductor manufacturers offer a uniform pad
size with a uniform pad pitch, this is not efficient when
offering a wide variety of packages, process technolo-
gies, and different pad counts. For example, a gate array

manufacturer offers several different size gate arrays for 5o

a given process flow. Each process flow will have a
different minimum pad size and pad pitch. Within a
given process flow different pad sizes and pad pitches
may be necessary to accommodate different styles of

semiconductor packages. Each different gate array 55

(from a family of gate arrays) corresponding to a spe-
cific process flow will have a unique probe card built
for testing purposes. A great deal of time and money
can be spent developing different gate arrays, packages,
probe cards, and modifying computer aided design tools
to meet customers varying pad configuration needs.
Customers needing to vary pad pitch or pad sizeon a
gate array chip (for design or packaging reasons) have
no alternatives other than building a full custom array

having the desired pad sizes and pad pitches. A custom 65

probe card and custom package may also have to be
built, driving up costs and development time to intolera-
ble levels.
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A core limited gate array design is a design wherein
the interior core of a die is fully utilized but not all pads
available are used. Packaging yields are typically a
function of pin count and the minimum spacing between
package to pad interconnect. High pin counts and
smaller interconnect spacings will have the lowest
yields. Packaging yields could be increased if non-
minimum pad spacings could be used in a core limited
gate array design.

A pad limited design is a design wherein the interior
core of a die is not fully utilized but all the pads are
used. A worst case scenario for a core limited design
occurs when a user must move up to a larger gate array
size for extra pads even though most of the interior core
of the gate array will go unused. Because the pad size
and pad pitch is fixed, adjustments cannot be made to
take advantage of varying interconnect technology
without redesigning the gate arrays.

There is very little interchangeability between pro-
cess flows. Packages developed for a specific pad pitch
and pad size, typically, cannot be used in the next gener-
ation process flow (which will have a different pad size
and pad pitch). Probe cards have even less chance for
use in different process flows.

Uniform pad size and pad pitch severely limits flexi-
bility, increases costs, and does not take advantage of
previous developments. It would be of some impor-
tance to provide a pad size and pad pitch configuration
which is adjustable. An adjustable pad array would
shorten development time, minimize need for customi-
zation, reduce cost, allow current developments to be
used with next generation process flows, and give cus-
tomers a choice on using different package technolo-
gies.

SUMMARY OF THE INVENTION

Briefly stated, this invention is a method for configur-
ing pads on a semiconductor die so contact to the pads
can be made for a plurality of predetermined pad
pitches. Uniform pads with a uniform pad pitch are used
as a starting point to configure the pads. The pads are
arranged in a row. Pad widths of predetermined pads in
the row of pads are adjusted to accommodate the prede-
termined pad pitches. Further adjustments can be made
by varying pad pitch between pads in the row of pads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 s an illustration of a semiconductor die show-
ing a pad ring, input/output cell sites, and a main circuit
area in accordance with the present invention;

FIG. 2 is an illustration of a sequence of pads with
1/0 sites useful in understanding the present invention;

FIG. 3 is an illustration of the preferred embodiment
of this invention;

FIG. 4 is an illustration showing pads used at a 75
micron pad pitch;

FIG. 5 is an illustration showing pads used at a 100
micron pad pitch;

FIG. 6 is an illustration showing pads used at a 125
micron pad pitch; and

FIG. 7 is an illustration showing pads used at a 150
micron pad pitch;

DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 1illustrates a semiconductor die 300 with a ring
of pads on the die periphery using a universal pad pitch
layout in accordance with the present invention. Sides
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301, 302, 303, and 304 of semiconductor die 300 each
has a plurality of pads 305 in a universal pad pitch lay-
out configuration to couple signals into and out of semi-
conductor die 300. Input and output circuitry (I/0) are
used to buffer and control the flow of information into
and out of semiconductor die 300. Area or space for an
input or output circuit is located in an 1/0 site. I/0 sites
307 are used with pads 305 on side 301, 1/0 sites 308 are
used with pads 305 on side 302, 1/0 sites 309 are used
with pads 305 on side 303, and 1/0 sites 311 are used
with pads 305 on side 304. A main circuit area 306 is an
area containing circuitry configured for a customer
specific application. In a gate array application main
circuit area 306 will have unconnected transistors. A
customer netlist defines the connections of the transistor
array which forms a customer specific circuit. A signal
entering or leaving main circuit area 306 must couple to
an 1/0 site.

The number of pads 305 which are used and the type
of I/0 circuitry which is needed varies with each cus-
tomer specific circuit. In the preferred embodiment, the
ring of pads 305 are fixed and do not change in size,
location, and number. I/0 circuitry and 1/0 site loca-
tions are chosen for each customer specific circuit. FIG.
1 illustrates a configuration of 1/0 sites which can be
accommodated by a fixed pad ring gate array using the
universal pad pitch layout. Note how a different sized
1/0 site is used on each side of semiconductor die 300,
yet each 1/0 site aligns to a corresponding pad location
for easy coupling. A pad ring which has pads of uniform
size and uniform spacings between pads does not easily
accommodate different width 1/0 sites. Universal pad
pitch layout will also allow intermixing of different
width 1/0 sites and still align to a corresponding pad
location. For example, an 1/0 circuit is typically built in
the smallest width I/0 site which can accommodate the
circuit. Input circuits, various drive strength output
circuits, tri-state 170, and 1/0 for receiving signals
from different technologies (ECL, GTL, TTL, CMOS,
BICMOS, etc.) are just a few of the different types of
1/0 cells which are used in a design. The universal pad
pitch layout accommodates a plurality of predeter-
mined width I/0 sites. Building the different 1/0 cir-
cuits in the smallest I/0 width maximizes the number of
1/0 which can be used for a given series of pads 305.
Intermixing different types of 1/0, each having differ-
ent widths, increases designer latitude in architecting
complex designs.

A signal external to the die couples to a pad through
any suitable interconnect (such as a metal interconnect
for electrical signals or a fiber optic interconnect for
optical signals). Likewise, a signal leaving the die cou-

" ples from a pad to an external element through an inter-
connect. The pad also acts as a mechanical contact
point for interconnect (a wire interconnect is physically
bonded to a pad). Each 1/0 pad is coupled to a corre-
sponding 1/0 site. 1/0 signals couple to main circuit
area 306 through circuitry in 1/0 sites.

Two rows of fixed pads 305 are placed on each side of
semiconductor die 300. The two rows of pads 305 are
staggered so interconnect is easily coupled from a pad
to a corresponding 1/0 site. 1/0 sites 307 are minimum
width I/0 sites. Each minimum width 1/O site corre-
sponds to a pad on side 301. I/0 sites having a larger
width would not align to each pad. Input circuitry usu-
ally requires the smallest width 1/0 site and would
correspond to 1/0 sites 307. High drive outputs require
a large 1/0 site and would correspond to 1/0 sites 308.

—_
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4
Note that each 1/0 site has a corresponding pad. Un-
used pads 305 are typically dedicated to power and
ground.

External interconnect which couples to the pads 305
on semiconductor die 300 (such as package to pad inter-
connect) must be capable of contacting each pad with-
out shorting together. The spacing of adjacent intercon-
nect is commonly referred to as pad pitch. The spacing
also corresponds to 1/0 site width since each 1/0 pad
couples to an 1/0 site. A ring of pads 305 which has a
uniform pad size and uniform spacings between pads
305 cannot easily accommodate different pad pitches.
The universal pad layout allows pad contact from exter-
nal interconnect at different pad pitches. This is best
illustrated by viewing the pads 305 which couple to the
1/0 sites on sides 302, 303, and 304. 1/0 sites 308, 309, -
and 311 are wider than the minimum width 1/0 site.
The pad pitch (or spacing between interconnect) when
contacting the pads 305 corresponding to the 1/0 sites
is uniform but different for each side. Semiconductor
package yields correlate to the number of pads 305
which are connected to the package and the minimum
spacing (or pad pitch) between the package to pad inter-
connect. High pad counts and small pad pitch will lead
to lower yields. The universal pad pitch layout can be
used with pad pitches larger than the minimum thereby
increasing package yields when pad usage allows a
wider spacing between interconnect.

Another benefit of the universal pad pitch layout is
that a single probe card can be built to test different
circuits which have the same pad configuration. For
example, a probe card is designed to align and contact
all the pads 305 on semiconductor die 300. The probe
card couples a tester to semiconductor die 300. Al-
though every pad is contacted by the probe card, the
tester is programmed to interface with only the pads 305
needed to test the circuit. If a pad ring which has a
uniform pad size and uniform spacings between pads
305 is used to accommodate different pad pitches a
different pad ring would have to be designed for each
pad pitch thereby increasing cost, development time,
and forcing a custom probe card to be designed for each
circuit using different pad pitches. The universal pad
pitch layout allows the user to design circuits which
couple to semiconductor die 300 with different pad
pitches without customizing pads 305 or 1/0.

FIG. 2 illustrates a sequence of pads 11 having a
uniform pad width and a uniform spacing which is use-
ful for understanding the present invention. Pads 17, 18,
19, and 20 are a limited number of pads used for illustra-
tion purposes, wherein an actual semiconductor prod-
uct such as a gate array hundreds of pads may be
needed. The pads are the interface between internal
circuitry on the semiconductor die and external compo-
nents such as a probe card or a semiconductor package.
The pads couple signals to and from the semiconductor
die as well as providing a physical contact point for a
wire bond, solder bump, probe card, etc.

Pads 17, 18, 19, and 20 have a characteristic pad
width and pad height. Pad width and pad height is
illustrated on pad 18. Pad width is shown by a bracketed
line 12. Pad height is shown by a bracketed line 13. Pads
17, 18, 19, and 20 are drawn having identical pad widths
and pad heights. Gate arrays are prefabricated semicon-
ductor wafers having semiconductor die with arrays of
transistors which can be metalized together to form a
specific circuit design. Building gate arrays up to metal-
ization allows quick cycle times in fabrication. Stan-
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dardization is the key to building efficient gate arrays.
Pads used on semiconductor chips such as gate arrays
have uniform pad widths and uniform pad heights
which are designed to interface with specific packages

and probe cards. Constantly changing pad configura- 5 termined list of pads which are used and this informa-
tions would add development time, production time, tion is passed to a tester which activates only the prede- .
and cost to gate array products. termined list of pads. Third, I/0 sites can be made at

Pad width and pad height do not have to be identical. widths which correspond to the different pad pitches
Pad width and pad height are chosen to insure that available. The 1/0 sites will line up with a correspond-
external interconnect can contact a corresponding pad 10 ing pad simplifying interconnect from pad to 1/0 site
for passing signals from a semiconductor die to an exter-  and allows increased flexibility in designing different
nal element. types of 1/0 circuits. Fourth and finally, the universal

Pad pitch is a measure of the distance between the  pad pitch layout allows different pad pitches (and dif-
centerpoints of two pads. A bracketed line 14 illustrates ferent width 1/0 sites) to be used in a sequence of pads.
a pad pitch between pad 18 and pad 19. Pad pitch used 15 A minimum pad width of 50 microns with the base 50
on semiconductor die such as gate arrays have pads  micron pad pitch is used and will accommodate next
spaced at a uniform pad pitch. External elements such generation probe cards and packages. In a preferred
as probe card needles and semiconductor package inter- embodiment, all pads have a 70 micron height. Two
connect align to corresponding pads to make contact, rows of pads are needed to achieve the 50 micron pad
thus external interconnect aligns to pads at a pad pitch 20 pitch. The pad rows are staggered which simplifies
which corresponds to pad pitch on the semiconductor interconnect to I/0 cell sites.
die. Pad pitch used in context to the universal pad pitch A grid size of 25 microns is provided to show pad
layout will refer to a uniform spacing of an external widths and pad spacings in each row of pads. The grids
interconnect medium (such as probe card needles, or are numbered from grid 101 to grid 160 and the lines
semiconductor package to pad interconnect) which 25 which separate each grid are extended through to the
aligns too and contacts pads on a semiconductor die. pad locations. All pad widths and pad spacings are

A pad spacing is illustrated by double headed arrow integer multiples of the grid size. Although the pad
16 which is the distance between pad 18 and pad 19. configuration allows variable pad pitches in increments
Both the pad pitch and pad spacing are used as a mea- of 25 microns (from the minimum 50 micron pad pitch),
sure of the proximity of one pad to one another. Pads 30 descriptions of a pad pattern uses pad widths and pad
17, 18, 19, and 20 are drawn having uniform pad pitches  spacings. Variations in pad size would make the descrip-
and uniform pad spacings which is typical for pads used tion of the pad pattern difficult if measured from pad
on a gate array semiconductor die. center to pad center.

Pads typically couple to input, output or bidirectional Two rows of pads in a staggered configuration are
1/0 circuitry on a semiconductor chip by interconnect- 35 shown in FIG. 3. A first row of pads 31 and a second
ing a pad with one or more 1/0 cells on a semiconduc- row of pads 32 each has 15 pads in a unique pattern of
tor chip. Multiple 1/0 cells in paralle] are used to in-  pad widths and pad spacings. Predetermined pads in
crease drive strength. I/0 circuitry is normally placed each row are adjusted from the minimum pad width in
in close proximity to the pads. I/0 site width is made to increments of the grid size to accommodate the differ-
lineup with a pad pitch so an 1/0 site corresponds to a 40 ent pad pitches. In the preferred embodiment, 50 mi-
pad. The preferred ratio is 1:1 (one pad to one 1/0 site) cron wide pads and 75 micron wide pads are used, all
with the capability to change the pad pitch and 1/0 cell pads have a uniform 70 micron height.
width to adapt to the particular requirements needed. The different pad pitches (50 micron, 75 micron, 100
This cannot be achieved with a fixed pad pitch. micron, 125 micron, and 150 micron) which are accom-

A 1:1 ratio between pad and pad site is illustrated by 45 modated by the preferred embodiment of the universal
1/0 sites 22, 23, 24, and 25. 1/0 site 22 corresponds with pad pitch layout refers to spacings between external
pad 17, 170 site 23 corresponds with 18, 1/0 site 24 interconnect such as semiconductor package to pad
corresponds with pad 19, and 1/0 site 25 corresponds interconnect when contacting pads. The external inter-
with pad 20. The width of 1/0 sites 22, 23, 24, and 25 is connect aligns to and mates to pads on a semiconductor
the pad pitch illustrated by bracketed line 14 which 50 die. External elements spaced in 50 micron, 75 micron,
allows them to maintain a constant pad to 170 site spac- 100 micron, 125 micron, and 150 micron increments can
ing relationship. The present invention allows different be aligned to contact pads using the preferred embodi-
1/0 site widths to be used while retaining a pad to I/0 ment of the universal pad pitch layout. Pad pitch which
site spacing relationship. was previously defined as the distance between the

FIG. 3 illustrates the preferred embodiment of a uni- 55 center points of two pads in FIG. 2 is not applicable for
versal pad pitch layout which accommodates a base the universal pad pitch layout because an external inter-
50micron pad pitch and also pad pitches at 25 micron connect aligned to pads of FIG. 3 at a 50 micron, 75
increments up to 150 microns. 30 pads are shown in  micron, 100 micron, 125 micron or 150 micron pad
FIG. 3 which forms a unique pattern, this pattern can be pitch will not align to a 75 micron pad center. In fact,
repeated until the number of pads needed is satisfied. 60 the 75 micron pad width is increased in width 25 mi-
For example, FIG. 1 uses the unique pattern repeated  crons from the 50 micron pad width to allow different
once (60 total pads) on each side of the semiconductor alignments to the 75 micron pad for different pad
die. There are many advantages in having a pad config- pitches. The 75 micron wide pad can be contacted 25
uration which can be contacted at different pad pitches. microns from either side of the pad (leaving a 50 micron
First, semiconductor packages which were designed for 65 . distance to the other side). Note that a 50 micron wide

pad pitches larger than 50 microns (75 micron, 100
micron, 125 micron, etc.) can be used with the universal
pad pitch layout. Second, a single probe card (for test-

6

ing at wafer probe) can be used to test different circuits
(having an identical fixed pad ring) even if the circuits
used different pad pitches. The probe card contacts
every pad in the fixed pad ring, each circuit has a prede-

pad when contacted in the center has a distance of 25
microns to either side of the pad. Although the 75 mi-
cron wide pad is contacted off center it still has a mini-
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mum 25 micron distance to the pad side just as is the
case when making contact to the 50 micron wide pad.

Further modifications are made by changing pad to
pad spacings in each row. In the preferred embodiment,
25 micron spacings and 50 micron spacings are used.
Changing the pad to pad spacing is a further degree of
freedom which can be used to accommodate the differ-
ent pitches chosen for a pad configuration. In the pre-
ferred embodiment, the 25 micron and 50 micron spac-
ings are used to adjust the stagger between the two pad
rows. A unique pattern of pad sizes and pad spacings is
formed for each row. The unique patterns of each row
are adjusted to one another forming two unique pad
patterns which correlate to one another to provide pad
contact at more than one pad pitch. The unique pad
patterns of each row combine to generate a group of
pads which can accommodate contact at a minimum 50
micron pad pitch and larger pad pitches in increments
of 25 microns.

The unique pattern of pad widths and pad spacings
for first row of pads 31 and second row of pads 32 of
FIG. 3 will be described using grid 101 as reference
point and finishing at grid 160.

A row of 50 micron wide boxes 33, a row of 75 mi-

5

—

0

8

The unique pattern of pads and spacings formed in
second row of pads 32 must be listed in sequence. The
thirty pads and spacings do not have any apparent re-
peating pattern. Second row of pads 32 starts at grid 101
with a 25 micron space, 75 micron pad 55, 50 micron
space, 50 micron pad 56, 50 micron space, 75 micron
pad 57, 25 micron space, 50 micron pad 58, 50 micron
space, 50 micron pad §9, 50 micron space, 50 micron
pad 60, 50 micron space, 50 micron pad 61, 50 micron
space, 75 micron pad 62, 25 micron space, 50 micron
pad 63, 50 micron space, 50 micron pad 64, 25 micron
space, 75 micron pad 65, 50 micron space, 50 micron
pad 66, 50 micron space, 50 micron pad 67, 50 micron
space, 50 micron pad 68, 50 micron space, and a 50
micron pad 69 which finishes at grid 160.

Note how row of boxes 33, 34, 36, 37, and 38 align at
grid 101 and each aligns at grid 160. The unique pattern
of first row of pads 31 and second row of pads 32 would
repeat if it were continued past grid 160. The universal
pad pitch layout can easily accommodate more than 30
pads by repeating first row of pads 31 and second row
of pads 32, on a side of a semiconductor chip, until the
number of pads needed is reached.

Contact from an external element (probe card or

cron wide boxes 34, a row of 100 micron wide boxes 36, 25 semiconductor package interconnect) to the universal
a row of 125 micron wide boxes 37, and a row of 150 pad pitch layout at a 50 micron pad pitch will contact
micron wide boxes 38 are shown to represent locations every pad. Contacts from the external element corre-
of different width 1/0 sites with respect to the unique sponding to 50 micron wide pads in the universal pad
pattern of pads. An I/0 site represents an area where pitch layout should align to the pad centers. Contacts
input or output circuitry can be placed. Input and out- 30 from the external element corresponding to 75 micron
put circuitry vary in size and are designed to fit within wide pads will contact the 75 micron wide pad off cen-
one of the different 1/0 site widths. Although as will ter. Pads 75 microns wide contacted off center will
become more apparent hereinafter, the universal pad align to the external element contact with a minimum 25
pitch layout will aliow the use of different width 1/0 micron space on either side of the point of contact.
sites yet maintain a spatial correspondence between a 35  All pads in the universal pad pitch layout are used
pad and a corresponding 1/0 site. Each row of boxes when external interconnect (such as semiconductor
(33, 34, 36, 37 and 38) starts at grid 101 and finishes at package to pad interconnect) is aligned to the pads and
grid 160. Each box represents an 1/0 site. The 1/0 site spaced at a 50 micron pad pitch. External interconnect
width corresponds to the chosen pad pitch. For exam- spaced at 75 microns, 100 microns, 125 microns, and 150
ple, a 50 micron pad pitch would have a 50 micron wide 40 microns will not use all the pads available but will align
1/0 site or a 125 micron pad pitch would have a 125  to an 1/0 site of the same width. Combinations of the
micron wide 1/0 site, thereby maintaining a direct spac- different pad pitches can be used as long as the I/0 sites
ing relationship between pad and 1/0 site for each pad do not overlap each other, thereby insuring each 1/0
pitch used. Alternate boxes in each row have a stipple site aligns with a pad. The universal pad pitch layout
pattern to clarify the relationship between 1/0 cell sites 45 provides three immediate benefits. First, pad pitch is
and the pads. Spacings between pads allow interconnect variable which allows a user to choose an appropriate
from the staggered pads to reach the 1/0 cell sites. pad pitch for a specific application. Second, a single
The unique pattern of pads and spacings formed in probe card built at a 50 micron pad pitch can be used to
first row of pads 31 can be described by listing pads and test all acceptable pad pitches (50 microns, 75 microns,
spacings starting from grid 101. All pads are listed by 50 100 microns, 125 microns,- and 150 microns) saving
pad width (example, a 50 micron pad=a pad which has development time and money. Third, packaging yields
a 50 micron width) and all spacings refer to the distance are related to the complexity of pad to package inter-
between two pads. First row of pads 31 starts at grid connect. Typically, smaller pad pitches correlate with
101 with a 50 micron pad 40, 25 micron space, 75 mi- lower yields. If a design is not pad limited the universal
cron pad 41, and a 50 micron space which finishes at 55 pad pitch layout allows spacings at pad pitches larger
grid 108. A pattern follows, starting at grid 109, com- than the 50 micron pad pitch (75 micron, 100 micron,
prising a 75 micron pad, 25 micron space, 50 micron 125 micron, and 150 micron) thereby increasing assem-
pad, 25 micron space, 75 micron pad, and 50 micron bly yields.
space. This three pad pattern with three spaces is re- FIG. 4 is an illustration of the universal pad pitch
peated a total of four times starting from grid 109 and 60 layout shown in FIG. 3 at a 75 micron pad pitch. The
finishing at grid 156. Each group of three pads and three pads which are contacted by an external interconnect
spaces is identified by the pads in the group. Starting (such as semiconductor package to pad interconnect)
from grid 109, the four groups of pads are pads 42, 43, having a 75 micron pad pitch are shown without a stip-
and 44, pads 45, 46, and 47, pads 48, 49, and 50, and pads ple pattern. The pad areas having a stipple pattern are
51, 52, and 53 which finish at grid 156. The unique 65 pads that are not used at the 75 micron pad pitch. Row

pattern of first row of pads 31 ends with a 75 micron pad
§4 starting at grid 157 and ends with a 25 micron space
at grid 160.

of boxes 34 illustrates corresponding 75 micron wide
1/0 sites in relation to the pads identified for use at the
75 micron pad pitch. Alternate boxes in row of boxes 34
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have a stipple pattern to clarify the relationship between
1/0 cell sites and the pads used at the 75 micron pad
pitch. The external’element contacts align to the center
of all 50 micron wide pads in first row of pads 31 and

10
used at the 150 micron pad pitch are listed in sequential
order starting at grid 101, they are pads 55, 42, 58, 45,
61, 48, 64, 51, 67, and pad 54. The pattern is repeated to
accommodate the number of pads needed on a side of

second row of pads 32 used at .the 75 micron pad pitch. 5 the semiconductor chip. ;
The pads in the universal pad pitch layout used at the 75 The universal pad pitch layout can be used for ac-
micron pad pitch are listed in sequential order starting  commodating different pad pitches anywhere on a semi-
at grid 101, they are pads 40, 41, 56, 42, 43, 44,59,45,46,  conductor chip. In the preferred embodiment, a semi-
47, 62, 48, 49, 50, 65, 51, 52, 53, 68, and pad 54. The  copductor gate array chip will have pads on each side
pattéerg 15 repe.z:ited ft.o}':xccom'modate the number of pads 10 f the chip, pads using this configuration can also be
T e e o S, g DA b merir f e e Wre s e plces
layout shown in FIG. 3 at a 100 micron pad pitch. One ona ser.mconductor chip VSing the umversal pad pitch
. " layout is more of a function of the medium used to
group of pads which are contacted by an external ele- contact the pads (such as a probe card or semiconductor
ment (such as semiconductor package to pad intercon- 15 K P di P A i £ pads is f d
nect) having a 100 micron pad pitch are pads shown pachage to I;a mt:rcom}ect). h nng of pacs 15 (;rrm;
without a stipple pattern. Row of boxes 36 illustrates on the periphery o t_he die by_p acing two rows of pads
corresponding 100 micron wide I/0 sites in relation to on each s‘nde of the d.le' Each ane would use t_he umver-
the pads identified for use at the 100 micron pad pitch. .Sal pad pitch layout 111.ustrated in FIG. 3, Wh.l ch in turn
Alternate boxes in row of boxes 36 have a stipple pat- 20 15 tailored to the pad pitch needed, as shown in FIGS. 4
tern to clarify the relationship between 1/0 cell sites thru 7. . 3 . i .
and the pads used at the 100 micron pad pitch. The For the sem{conductpr die 300 1llustr'ated in FIG. 1it
external element contacts align to the center of all 50 ~ Was chosen to isolate different types of input and output
micron wide pads in first row of pads 31 or second row  Circuitry from each other by placing them on an indi-
of pads 32 used at the 100 micron.pad pitch. Two 25 vidual side of the die. 1/0 sites 307.correspondmg to the
groups of pads in the universal pad pitch layout used at pads on side 301 are 50 microns wide. The small size of
the 100 micron pads 40-54 (shown with stipple pattern) 1/0 sites 307 are used for input circuitry. 1/0 sites 308
or all of second row of pads 32 which comprises pads  corresponding to pads on side 302 are 150 microns
55-69. This simple relationship occurs because the 100 wide. The large size of 1/0 sites 308 are used for large
micron pad pitch is an even multiple of the minimum 50 30 power devices which drive off chip loads. 170 sites 309
micron pad pitch. corresponding to the pads on side 303 are 100 microns
FIG. 6 is an illustration of the universal pad pitch wide. The intermediate size of 1/0 sites 309 could be
layout shown in FIG. 3 at a 125 micron pad pitch. The used for low power output devices. 1/0 sites 311 corre-
pads which are contacted by an external interconnect sponding to pads on side 304 are 125 micron wide. The
(such as semiconductor package to pad interconnect) 35 intermediate size of I/0 sites 311 could be used for
having a 125 micron pad pitch are shown without a bidirectional 1/0.
stipple pattern. The pad areas having a stipple pattern Power and ground requirements vary depending on
are pads that are not used at the 125 micron pad pitch.  the type of 1/0 used. Extra unused pads are used for
Row of boxes 37 illustrates corresponding 125 micron  power and ground connections for 1/0 cells or an inter-
wide 1/0 sites in relation to the pads identified for use 40 pa] power and ground ring for core circuitry.

at the 125 micron pad pitch. Alternate boxes in row of
boxes 37 have a stipple pattern to clarify the relation-
ship between 170 cell sites and the pads used at the 125
micron pad pitch. The external element contacts align

The universal pad pitch layout is not confined to
isolating pad pitches to a specific area. It is possible to
interleaf pad pitches in any combination. There may be
many situations where it is critical for a design to have

to the center of all 50 micron wide pads used in first row 45 53 75 100, 125, and 150 micron pad pitches within the
of pads 31 and second row of pads 32 at the 125 micron o1 “ide of a die. This would be impossible to do if a
pad pitch. The pads in the universal pad pitch layout die used a uniform pad size and pad spacing.
g:fic;ratst::irlxZsartnliggnlgidt?ll;Cha?;e l;zt:c;sm ssgqlsx;nzil By now it should be appreciated that there has been
45. 61. 62 4g9 65g 66 53’ ang pad p54 Th’e p;tte;n is‘ 50 provided a universal pad pitch layout for accommodat-
repeated to accommodate the number of pads needed ing more th‘fm one pjad pitch. Th? .umversg] %ad pltcl;
on a side of the semiconductor chip. ayout provides similar pad densities as standard pa
FIG. 7 is an illustration of the universal pad pitch aPproaches yet can a.ccommodate more than one p ad
layout shown in FIG. 3 at a 150 micron pad pitch. The pitch. Benefits provided by the u.mversal pad pitch
pads which are contacted by an external interconnect 55 layout are reduced development time (custom probe

(such as semiconductor package to pad interconnect)
having a 150 micron pad pitch are shown without a
stipple pattern. The pad areas having a stipple pattern
are pads that are not used at the 150 micron pad pitch.
Row of boxes 38 illustrates corresponding 150 micron
wide 1/0 sites in relation to the pads identified for use
at the 150 micron pad pitch. Alternate boxes in row of
boxes 38 have a stipple pattern to clarify the relation-
ship between 1/0 cell sites and the pads used at the 150
micron pad pitch. The external element contacts align
to the center of all 50 micron wide pads used in first row
of pads 31 and second row of pads 32 at the 150 micron
pad pitch. The pads in the universal pad pitch layout

60

cards are not needed for different pad pitches), in-
creased yields when a design is not pad limited (using a
larger pad pitch), allows customization of 1/0 cells due
to the availability of different width 1/0 sites which can
be intermixed with each other, and can increase cus-
tomer flexibility when integrated into a computer aided
design system (for integrated circuit design). Also the
universal pad pitch layout allows the use of a single
fixed pitch probe card that can mate to 50, 75, 100, 125,
or 150 micron pad pitches and yet the universal pad
pitch layout can mate to many of the accepted standard
lead pitch packages.
I claim:
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1. A universal pad pitch layout method for incremen-
tally varying pad pitches for a fixed row of pads com-
prising: .
defining a grid size, wherein the grid size is a base unit

12
7. The method for accommodating variable pad
pitches for a fixed row of pads on a semiconductor chip
of claim 5 further including:
repeating the unique placement of pads to accommo-

of measure for pad widths and pad spacings; 5 date more pads on the semiconductor chip.
defining a minimum pad width, wherein the pad 8. The method for accommodating variable pad
width is an integer multiple of the grid size; pitches for a fixed row of pads on a semiconductor chip
defining a uniform pad height; of claim 5 further including:
defining a minimum pad pitch, wherein the minimum adding additional rows of pads to increase pad den-
pad pitch is an integer multiple of the grid size; 10 sity, each row of pads having a unique pad place-

forming a row of pads;

defining an incremental pad pitch, wherein predeter-
mined pads in the row of pads can be contacted at
a pad pitch equal to the minimum pad pitch plus an
integer multiple of the incremental pad pitch;

varying the width of predetermined pads in the row
of pads by increments of the grid size;

varying the pad pitch between predetermined pads
by increments of the grid size; and

ment pattern with varying pad areas.

9. The method for accommodating variable pad
pitches for a fixed row of pads on a semiconductor chip
of claim 8 further including:

staggering pads of different pad rows to increase pad
«  density. .

10. The method for accommodating variable pad
pitches for a fixed row of pads on a semiconductor chip
of claim 8 further including:

combining variations in the pad width and the pad 20  correlating the unique pad placement patterns of each
pitch to create a pad pattern wherein all pads can pad row to one another to provide a fixed row of
be contacted at the minimum pad pitch and prede- pads which accommodates variable pad pitches.
termined pads can be contacted at the minimum ‘11. The method for accommodating variable pad
pad pitch plus an integer multiple of the incremen-  pitches for a fixed row of pads on a semiconductor chip
tal pad pitch. 25 of claim 7 further including:

2. The universal pad pitch layout method for incre- repeating the unique pad placement pattern in each
mentally varying pad pitches for a fixed row of pads of row of pads to accommodate the number of pads
claim 1 further including: needed for the semiconductor chip.

adding at least another row of pads; 12. A method for configuring pads on a semiconduc-

staggering pads from row to row; 30 tor die which allows pad contact at more than one pad

creating a pad pattern for each row of pads; and pitch comprising: :

correlating the pad patterns from each row to create defining a sequence of pads having a uniform size and

a pad pattern wherein all pads can be contacted at a uniform pad pitch; and

the minimum pad pitch and predetermined pads adjusting pad areas of predetermined pads in the
can be contacted at the minimum pad pitch plus an 35 sequence of pads to change contact areas of pads;
integer multiple of the incremental pad pitch. forming a unique sequence of pads which can accom-

3. The universal pad pitch layout method for incre- modate more than one pad pitch; and
mentally varying pad pitches for a fixed row of pads of fixing the unique sequence of pads in a predetermined
claim 2 further including: area on the semiconductor die.

repeating the pad patterns of each row to increase 40  13. The method for configuring pads on a semicon-

pad numbers. ductor die which allows pad contact at more than one

4. The universal pad pitch layout method for incre- pad pitch of claim 12 further including:
mentally varying pad pitches for a fixed row of pads of maintaining a uniform pad height through the se-
claim 3 further including: quence of pads; and

forming a pad ring by repeating the pad patterns of 45  adjusting predetermined pad areas by increasing pad

each row around a semiconductor die to increase width, thereby increasing lateral area of a pad for
pad numbers. contact at different pad pitches, wherein the adjust-

5. A method for accommodating variable pad pitches ing is done in predetermined grid size increments.
for a fixed row of pads on a semiconductor chip com- 14. The method for configuring pads on a semicon-
prising: 50 ductor die which allows pad contact at more than one

defining a minimum pad size, a minimum pad pitch  pad pitch of claim 12 further including:

and an incremental pad pitch; adjusting pad to pad spacings in the unique sequence
defining a unique placement for each pad in a row of of pads to accommodate more than one pad pitch.

pads; 15. The method for configuring pads on a semicon-
increasing pad areas of predetermined pads in the 55 ductor die which allows pad contact at more than one

row of pads at integer multiples of the incremental pad pitch of claim 14 further including:

pad pitch, wherein each pad area and the unique repeating the unique pad pattern to meet a required

placement allows more than one pad pitch to be number of pads.

accommodated; and 16. The method for configuring pads on a semicon-
providing pads to be used at a predetermined pad 60 ductor die which allows pad contact at more than one

pitch, the predetermined pad pitch comprising the
minimum pad pitch plus any integer multiple of the
incremental pad pitch.

6. The method for accommodating variable pad
pitches for a fixed row of pads on a semiconductor chip
of claim 5 further including:

varying pad pitch between pads in the row of pads to

create the unique placement of each pad.

65

pad pitch of claim 12 further including:
forming rows of pads to increase pad density, each
row having a predetermined sequence of pads; and
staggering the rows to simplify interconnect and
increase pad density.
17. A method for forming two rows of semiconduc-
tor pads which allows semiconductor pad contact at 50,
75, 100, 125, and 150 micron pad pitches comprising:

IPR2025-01396
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defining a semiconductor pad height;

defining a semiconductor pad width, wherein a semi-
conductor pad with is 50 microns wide or 75 mi-
crons wide; '

defining spacings between adjacent pads as a 25 mi-
cron wide space or a 50 micron wide space;

staggering the two rows of semiconductor pads

defining a reference line which aligns the two rows of
semiconductor pads to one another;

forming a first row of semiconductor pads, starting at
the reference line and listing semiconductor pad
widths and semiconductor pad spacings in sequen-
tial order, the first row of semiconductor pads
comprising a 50 micron wide pad, 25 micron space,
75 micron wide pad, 50 micron space, 75 micron

10

15

14

sequential order, the second row of semiconductor
pads comprising a 25 micron space, 75 micron wide
pad, 50 micron space, 50 micron wide pad, 50 mi-
cron space, 75 micron wide pad, 25 micron space,
50 micron wide pad, 50 micron space, 50 micron
wide pad, 50 micron space, 50 micron wide pad, 50
micron space, 50 micron wide pad, 50 micron
space, 75 micron wide pad, 25 micron space, 50
micron wide pad, 50 micron space, 50 micron wide
pad, 25 micron space, 75 micron wide pad, 50 mi-
cron space, 50 micron wide pad, 50 micron space,
50 micron wide pad, 50 micron space, 50 micron
wide pad, 50 micron space, and a 50 micron wide
pad.

18. The method for forming two rows of semiconduc-

tor pads which allows semiconductor pad contact at 50,
75, 100,125, and 150 micron pad pitches of claim 17
further including:

forming all semiconductor pads having a uniform

height.

19. The method for forming two rows of semiconduc-
tor pads which allows semiconductor pad contact at 50,
75, 100, 125, and 150 micron pad pitches of claim 17
further including:

wide pad, 25 micron space, 50 micron wide pad, 25
micron space, 75 micron wide pad, 50 micron *
space, 75 micron wide pad, 25 micron space, 50
micron wide pad, 25 micron space, 75 micron wide
pad, 50 micron space, 75 micron wide pad, 25 mi- 20
cron space, 50 micron wide pad, 25 micron space,

75 micron wide pad, 50 micron space, 75 micron
wide pad, 25 micron space, 50 micron wide pad, 25
micron space, 75 micron wide pad, 50 micron

space, 75 micron wide pad, and a 25 micron space;
and

forming a second row of semiconductor pads adja-
cent to the first row of semiconductor pads, start-
ing at the reference line and listing semiconductor
pad widths and semiconductor pad spacings in

25

35

45

50

55

65

repeating the sequential order of semiconductor pads
and pad spacing of the first and second rows of
semiconductor pads to form two rows of pads
capable of accommodating a larger number of

pads.
* * * * *
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CERTIFICATE OF CORRECTION
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DATED ¢ October 13, 1992
INVENTOR(S) : Helmut Schweiss

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby

corrected as shown below:
Column 13, claim 17, line 3, change "with" to --width--.
Column 13, claim 17, line 7, after “pads" insert --;—-.

3

Column 14, claim 19, line 26, change "spacing" to --spacings--.

Signed and Sealed this
Fourteenth Day of June, 1994

Attest: 6(444 W
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