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(57) ABSTRACT

As shown 1n FIG. 4, a wiring pattern of a semiconductor
integrated circuit device of the present invention comprises
a wiring portion extending from a connection hole and a
connection portion located on the connection hole and
having a matching allowance with respect to said connection
hole on said wiring portion side being formed wider than a
predetermined matching allowance by a predetermined
width with which a required yield of successtul matching
can be assured.

31 Claims, 5 Drawing Sheets
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WIRING PATTERN OF SEMICONDUCTOR
INTEGRATED CIRCUIT DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This 1s a continuation of application Ser. No. 08/077,946,
filed Jun. 18, 1993, U.S. Pat. No. 5,411,916, which 1s a
continuation of application Ser. No. 07/808,744, filed Dec.
17, 1991 now abandoned, which 1s a rule 60 divisional of
application Ser. No. 07/609,601, filed Nov. 6, 1990, now
U.S. Pat. No. 5,126,819, 1ssued Jun. 30, 1992.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to wiring pattern of a
semiconductor 1ntegrated circuit device, and more particu-
larly to the technique of matching the allowance between a
connection hole, such as a contact hole or through hole, and
a wiring.

2. Description of the Related Art

conventionally, the matching allowance between a con-
necting hole (e.g., a contact hole or a through hole) and a
wiring 1s set equally around the connecting holes, 1n order to
compensate for the deviation which occurs 1n the step of
lithography, randomly 1n every direction. When the devia-
fion 1s zero, the width of the wiring around the connection
hole, the around width H, at the periphery of the connecting
hole 1s formed as shown 1n FIGS. 1A and 1B. FIGS. 1A and

1B 1llustrate a connecting hole 11, wiring layer 12, and an
inter-layer insulation layer 13.

As 1s shown 1n FIG. 1B, a notch S 1s formed 1n the wiring
layer 1n the connection hole 11. When electric current tlows
through the connection hole 11, resistance against the cur-
rent increases at the section where the notch S 1s located. The
wiring resistance around connection hole 11 (to be called
“connection hole resistance” hereinafter) can be substituted
with an equivalent circuit shown in FIG. 2, which 1s
designed so that when a deviation between the connection
hole 11 and the pattern of the wiring 12 1s zero, current paths
I, and I," on the wiring extension side become wide.

In reality, however, due to a matching error o in the step
of pattern matching, a variety of deviations may occur
between the connection hole 11 and the wiring layer 12.

FIGS. 3A to 3C 1illustrate several examples of matching
deviation between the connection hole 11 and the wiring
layer 12.

FIG. 3A shows a case where the connection hole 11
deviates 1n the direction opposite to the wiring extension
side. In this case, as the around width B, narrows, resis-
tances R, and R,' 1nevitably increase. However, electrical
current 15, which 1s affected by the resistances, comprise a
very small portion of the total current. Further, as the around
width B, widens, resistances R, and R,,' decrease. Therefore

there 1s little change i1n connection hole resistance as a
whole.

FIG. 3B shows a case where the connection hole 11
deviates 1n the vertical direction toward the wiring extension
side. In this case, around width C, narrows and around width
C, widens. Therefore resistances (R,+R;) and (R,'+Rj')
respectively increase and decrease, thereby canceling each
other, so that the connection hole resistance 1s only slightly
affected, as a whole.

FIG. 3C shows a case where the connection hole 11
deviates towards the wiring extension side. In this case,
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around width B, narrows, and the etfective current paths I,
and I,' narrow, whereby the connection hole resistance
inevitably increases. More specifically, current flows
through all of resistances r,, R, and R;. As around width B,
narrows, currents I, and I," flowing through resistances R,
and R.' decrease, and current 1, flowing through resistance
r,, which becomes high due to device structure, increases.
Therefore, the matching deviation directly affects the con-
nection hole resistance, and disconnection of the wiring due

to heat-emission or electromigration may occur at the notch
S.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a wiring
pattern of a semiconductor integrated circuit device 1n which
the connection hole resistance does not increase even if
matching deviation between a connection hole such, as a
contact hole or through hole, and a wiring layer occurs.

To achieve the above-mentioned object, the wiring pattern
of the semiconductor integrated circuit device according to
the present invention comprises a wirlng portion extending
from the connection hole and a connection portion located
above the connection hole and connected to the wiring
portion so that it makes an obtuse angle, 1n which a matching
allowance for the connection hole on the wiring portion side
1s formed wider than the regular matching allowance by a
predetermined width with which a required yield of suc-
cessful matching can be assured.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the mstrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate presently
preferred embodiments of the 1nvention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1A 1s a plane view of the wiring pattern of a
conventional semiconductor integrated circuit device;

FIG. 1B 1s a cross-sectional view of FIG. 1A along the
line P—P';

FIG. 2 1s a conventional equivalent circuit of the wiring
resistance of a wiring near a connection hole, such as a
contact hole or hole through hole;

FIGS. 3A-3C are cross-sectional views of examples of
conventional matching deviation between the connection
hole and the wiring;

FIG. 4 1s a plane view of a wiring pattern of a semicon-
ductor integrated circuit device according to an embodiment
of the present 1nvention;

FIG. 5 shows a relationship between the matching devia-
tion amount and the connection hole resistance comparing a
conventional semiconductor device with the present inven-
tion;

FIG. 6 1s a plane view showing a wiring pattern of a
semiconductor integrated circuit according to a second
embodiment of the present invention; and

FIG. 7 1s a plane view showing a wiring pattern of a
semiconductor integrated circuit according to a third
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A wiring pattern of a semiconductor integrated circuit
device according to an embodiment of the present invention
will be described with reference to the accompanying draw-
ings wherein like reference numerals designate like 1tems
and explanations thereof are omitted.

FIG. 4 shows a wiring pattern of a ssmiconductor integral
circuit according to a first embodiment of the present
invention, ncluding a semiconductor substrate 21, a con-
nection hole 22, a wiring layer 23, a wiring width A,
matching allowances between the connection hole and the
wiring layer B and C, a wiring portion P, and a connection
portion Q.

The connection hole 22 such as a contact hole or a through
hole, 1s formed 1n the semiconductor substrate 21, and the
wiring layer 23 1s formed around the connection hole 22.
The wiring layer 23 consists of the wiring portion P, which
1s a wiring portion extending 1n one direction from a side of
the square-shaped connection hole 22, and connection por-
fion QQ, which 1s a wiring portion located adjacent to the
connection hole 22. The matching allowance B on the wiring
portion P side of the connection portion Q 1s formed so that
it has a predetermined width, in other words, a width with
which a sufficient current path can be obtained when the
matching deviation of the wiring layer 23 1s set to zero. The
matching allowance B on the wiring portion P side 1s set so
that 1t 1s a predetermined width wider than the regular
matching allowance to cover the necessary matching effi-
ciency. The matching allowance C at the sides other than the
wiring portion P side 1s set to an appropriate width so that
the pattern of the wiring layer 23 does not become too large.

For example, suppose that the mimnimum around width of
the wiring portion P side for obtaining a suificient electric
current path 1s about 1.0 um, when the required yield of the
successful allowance is 30 (o is a value for dispersion in the
normal distribution), and the predetermined width with
which 30 can be assured 1s about 0.5 um, the allowance B
on the wiring portion P side should be set to about 1.5 um
fo obtain a suflicient current path. When the matching
deviation of the wiring 1s zero, the around width 1s about 1.5
um as originally designed for the width of the matching
allowance B. Even if the matching deviation of the wiring 1s
as much as 0.5 um 1n the direction opposite to the wiring,
portion P, the around width of about 1.0 um can be assured.

The matching allowances C for the sides other than the
wiring portion P side are set to about 0.7 um so as to obtain
an around width of, for example, about 0.2 ym at a mini-
mum. This 1s because, 1f the width of the matching allow-
ances C 1s set to the same as that of the matching allowance
B, the size of the wiring pattern of the wiring layer 23 around
the connection hole 22 becomes very large, thereby lowering
the degree of integration. The matching allowances other
than that of the wiring portion P side should only be set to
a minimally necessary width so that the wiring pattern does
not become too large. In this embodiment, the wiring width
A 1s set to about 2 um, and the size of the connection hole
1s set to about 3.0x3.0 um.

According to such a structure, the matching allowance B
of the wiring portion P side 1s set a predetermined width
wider than the predetermined allowance so as to cover the
matching deviation even 1n the case where the wiring layer
width deviates 1n the direction opposite to the wiring portion
P side. Specifically, even if the wiring layer 23 deviates 1n
the direction opposite to the wiring portion P side, a sufli-
cient around width can be obtained within the range of the
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4

successiul yield of matching allowance, so that the contact
hole resistance 1s not increased.

In the meantime, the connection hole resistance where the
wiring layer 23 includes the matching allowance B of about
1.5 um and the matching allowance C of about 0.7 um was
measured and the result 1s shown in FIG. 5 as represented by
straight line II. As represented by the line II, when the
amount of deviation in the direction opposite to the wiring
portion P side 1s within 1.0 um, 1n other words, the around
width 1s in the range of 0.5-1.5 um 1n the wiring layer 23,
no increment 1n the connection hole resistance was detected.
Further, the connection hole resistance 1n the case where the
matching allowances for all sides of the connection hole 22
are equally set to about 1.0 um was measured and the result
1s also shown 1n this figure as represented by curve 1.

The present invention was applied to a bipolar LSI (A/D
converter) having 4,500 elements, and no decrement in the

degree of integration was detected.

FIG. 6 shows a wiring pattern of a semiconductor inte-
orated circuit device according to a second embodiment of
the present invention.

As shown 1n FIG. 6, the connection hole 22, such as a
contact hole, or through hole 1s formed on the semiconductor
substrate 21, and the wiring layer 23 i1s formed on the
connection hole 22. In the wiring layer 23, the wiring portion
P and the contact portion Q are connected by a portion R of
portion P so that an oblique external edge of portion R makes
obtuse angles (greater than 90° and less than 180°) with the
adjoining horizontal external edges of portions P and Q. The
first embodiment mentioned above 1s a case where the
wiring portion P and the contact portion Q are connected at
a right angle, so that the matching allowance B will always
be no more than the dimension C. In FIG. 6, the matching
allowance B of the wiring portion P side i1s formed wider
than a predetermined width to assure a suflicient current path
when the matching deviation of matching pattern 1s set to
zero. In detail, the matching allowance B 1s formed wider
than the predetermined matching allowance C by a prede-
termined width which assures the required yield of success-
ful allowance.

For example, suppose that the minimum around width of
the wiring portion P side for obtaining a sufficient electric
current path 1s about 1.0 um. When the required yield of the
successful allowance 1s 30 (0 1s a value for dispersion 1n the
normal distribution), and the predetermined width with
which 30 can be assured 1s about 0.5 um, the allowance B
on the wiring portion P side should be set to about 1.5 um
to obtain a sufficient current path. Further, the matching
allowances other than the wiring portion P side are designed
to be about 0.7 um so as to obtain an around width of, for
example, about 0.2 ym at a minimum.

With such a structure, when the wiring layer 23 deviates
in the direction opposite to wiring portion P, the around
width of the wiring portion P side of contact portion Q may
decrease, considering the actual matching deviation and the
relevant angle. However, the matching allowance B 1s, in
advance, formed wider than the predetermined matching
allowance C by a predetermined width with which the actual
matching deviation can be covered. Therefore, even 1t the
wiring layer 23 deviates 1 the direction opposite to the
wiring portion P side, the necessary around width can be
obtained, and therefore the connection hole resistance does
not 1ncrease.

Lastly, the above-described embodiments include the
cases where there 1s only one wiring portion P. However, the
present 1nvention, of course, can be applied in the case
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where there 1s more than one wiring portion P, for example,
as shown 1n FIG. 7. In this case also, there will not be any
problem 1f the matching allowances B of each of the wiring,
portions P 1s formed wider than a predetermined matching,
allowance by a width with which a required yield can be
assured.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the mnvention in
its broader aspects 1s not limited to the specific details, and
representative devices, shown and described herein.
Accordingly, various modifications may be without depart-
ing from the spirit or scope of the general inventive concept
as defined by the appended claims and their equivalents.

What 1s claimed 1s:

1. A semiconductor integrated circuit device comprising:

a semiconductor substrate;

a square-shaped connection hole formed 1n said semicon-
ductor substrate;

a first wiring section formed of a conductive film forming
plating sidewalls of said connection hole and having
four elements each having a substantially rectangular
cross-section adjacent to a respective one of four edges
of said connection hole, each of said four elements

having a sidewall substantially aligned with a respec-

tive plating sidewall of said square-shaped connection
hole adjacent to a respective one of the four edges; and

a line-like second wiring section formed of a conductive
film having a substantially rectangular cross-section,
including a portion connected to a first element of said
first wiring section at a juncture at which 1t has a width
narrower than a length of the first element of said first
wiring section adjacent to the respective edge of said
connection hole,

wherein said first wiring section forming plating side-
walls of said connection hole 1s thinner than each of
said four elements from the respective one of the
four edges to a major surface of the conductive film
parallel to the substrate, and a first width, defined by
a width of the first element at the major surface from
the respective edge of said connection hole, 1s
oreater than second to fourth widths, respectively
defined by corresponding widths of the second
element, the third element, and the fourth element
from the respective edges of said connection hole.

2. A device according to claim 1, wherein said connection
hole 1s approximately 3.0 umx3.0 um square.

3. A device according to claim 1, wherein the first width
1s approximately 1.5 #m, and the second and third widths are
approximately 0.7 um.

4. A device according to claim 1, wherein the wiring width
of said second wiring section 1s approximately 2.0 um.

5. A device according to claim 1, wherein said connection
hole 1s one of a contact hole and a through hole.

0. A semiconductor integrated circuit device, cOmprising:

a first wiring portion formed in and around a connection
hole, the connection hole having edges and a center;

a second wiring portion having an end portion connected
lo the first wiring portion, the width of the end portion
being less than twice the minimum center-to-edge dis-
tance of the connection hole, the second wiring portion,
the first wiring portion, and the connection hole defin-
ing first, second, and third distances;

the first distance being the minimum distance from the end
portion of the second wiring portion to an edge of the
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6

connection hole, the edge of the connection hole closest
to the end portion of the second wiring portion being a
first edge;

the second distance being the minimum distance from a

second edge of the connection hole opposite to the first
edge to an edge of the first wiring portion; and

the third distance being the minimum distance from a
third edge of the connection hole other than the first
edge and the second edge to an edge of the first wiring
portion,

wherein the first distance is greater than the second
distance, the first distance is greater than the third
distance, and the second distance is substantially equal
fo the third distance.

7. The device according to claim 6, wherein an angle
defined by a line perpendicular to the first edge and a line
perpendicular fo the second edge and having a vertix at the
center of the connection hole measures 180°,

8. The device according to claim 7, wherein an angle
defined by a line perpendicular to the first edge and a line
perpendicular to the third edge and having a vertix at the
center of the connection hole measures 90°,

9. The device according to claim 8, wherein the first
wiring portion includes a notch portion in the connection

hole.

10. The device according to claim 8, wherein the connec-
tion hole has a square shape.

11. The device according to claim 10, wherein the con-
nection hole is approximately 3.0 umx3.0 um square.
12. The device according to claim 8, wherein the first

wiring portion has a rectangular shape around the connec-
fion hole.

13. The device according to claim 8, wherein the width of
the end portion of the second wiring portion is approxi-
mately 2.0 um.

14. The device according to claim 8, wherein the first
distance is approximately 1.5 um.

15. The device according to claim 14, wherein the second
distance is approximately 0.7 um.

16. The device according to claim 15, wherein the third
distance 1s approximately 0.7 um.

17. The device according to claim 8, wherein the connec-
fion hole is one of a connection hole and a through hole.

18. A semiconductor integrated circuit device, compris-
Ing.

a first wirtng portion formed in and around a connection

hole, the connection hole having edges and a center;

a second wiring portion having an end portion connected
o the first wiring portion at a first edge of the first
wiring portion, the width of the end portion being less
than twice the minimum center-to-edge distance of the
connection hole; and

a third wiring portion defined by the first wiring portion,
the second wiring portion, and a straight line from one
end of the first edge of the first wiring portion to the
second wiring portion, an angle 0 being between the
straight line and the first edge of the first wiring
portion, wherein (0<0<m/2).

19. The device according to claim 18, wherein the first

wiring portion tncludes a notch portion in the connection
hole.

20. The device according to claim 18, wherein the con-
nection hole has a square shape.

21. The device according to claim 20, wherein the con-
nection hole is approximately 3.0 umx3.0 um square.
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22. The device according to claim 18, wherein the first
wiring portion has a rectangular shape around the connec-
tion hole.

23. The device according to claim 18, wherein the con-
nection hole is one of a contact hole and a through hole.

24. A semiconductor integrated circuit device comprising.

a first wiring portion in and around a connection hole, the

connection hole having edges and a center;

a second wiring portion having an end portion connected
o the first wiring portion at a first edge of the first
WIFIng portion;

a third wiring portion defined by the first wiring porfion,
the second wiring portion, and a first straight line from
one end of the first edge of the first wiring portion to the
second wiring portion, with an angle 0 being between
the first straight line and the first edge of the first wiring
portion, wherein (0<0<m/2); and

a fourth wiring portion defined by the first wiring porfion,
the second wiring portion, and a second straight line
from the other end of the first edge of the first wiring
portion to the second wiring portion, with an angle 0

5
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being between the second straight line and the first
edge of the first wiring portion, wherein (0<0<m/2).

25. The device according to claim 24, wherein the width
of the end portion of the second wiring portion is less than
twice the minimum center-to-edge distance of the connection
hole.

20. The device according to claim 24, wherein no wiring
portion is connected to the edges of the first wiring portion
other than said first edge.

27. The device according to claim 24, wherein the first
wiring portion tncludes a notch portion in the connection
hole.

28. The device according to claim 24, wherein the con-
nection hole has a square shape.

29. The device according to claim 28, wherein the con-
nection hole is approximately 3.0 umx3.0 um square.

30. The device according to claim 24, wherein the first
wiring portion has a rectangular shape around the connec-
tion hole.

31. The device according to claim 24, wherein the con-
nection hole is one of a contact hole and a through hole.
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