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[57] . ABSTRACT

A plurality of resistance elements arranged in an n-row
by n-column matrix are of substantially equal lengths
and widths. The sides of the resistance elements which
are in common rows and columns are colinear and first
and second electrodes are provided at substantially the
same location on each resistance element. The elec-
trodes of the resistance elements are connected in a
manner such that a series connection is formed between
resistance elements belonging to different adjacent col-
umns in the matrix between two sets of n external termi-

nals.

6 Claims, 11 Drawing Figures
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MATRIX RESISTORS FOR INTEGRATED
CIRCUIT

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

The present invention relates generally to resistors in
an integrated circuit device, and more particularly to
pairs of such resistors.

Recently integrated circuits have become larger in
size and have necessitated sophisticated geometric
alignment and characteristic matching in the fabrication
of constituent elements such as, for example, a pair of
resistors on a substrate. In a practical fabrication pro-
cess, it is important to establish matching of the relative
accuracy among resistance elements as well as thermal
matching of those elements. Resistance elements that
are thoroughly controlled with respect to such match-
ing and alignment are used, for example, to constitute a
reststor ladder network in a digital-to-analog converter

or to set the gain of an operational amplifier.
- Although it has been essential to achieve high relative
accuracy in the fabrication of pairs of resistors on a
substrate, the prior art approach has failed to realize
substantial relative accuracy because deviation among
resistance values has inevitably resulted because of such
factors as misalignment in the cutting of the photomask
art work, the aberration of lenses used in forming a set
of reticles, difference in photomask alignment, and mis-
alignment in the diffusion or vapor deposition process.
Misalignment in the cutting of the photomask art work
seriously and adversely affects the relative accuraccy
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with respect to resistance because a photomask is used

when forming the diffusion region or deposition layer
upon which the resistance values of the resistors fabri-
cated depends.

Therefore, it is an object of the invention to provide
pairs of resistors in an integrated circuit device having
high relative accuracy with respect to resistance.

An integrated circuit device according to the present
invention comprises nxn numbers of substantially rect-
angular resistance elements having first and second
electrodes, the resistance elements being equal both in
width and in length. The resistance elements are ar-
ranged 1n an n-row by n-column matrix (where n stands
for an integer larger than 1), and the first and second
electrodes of each resistance element are respectively
provided at the same portions in each resistance ele-

ment. The upper sides of all the resistance elements

which belong to the same row, the lower sides of all the
resistance elements of the same row, the right sides of
all the resistance elements belonging to the same col-
umn and the left sides of all the resistance elements of
the same column are each colinear. A number n of first
terminals are each electrically connected with the first
electrode of the resistance element of the first row, and
a number n of second terminals are each electrically
connected with the second electrode of the resistance
- element of the n-th row. The second electrode of each
one resistance element belonging to each row is con-
nected to the first electrode of each one resistance ele-
ment belonging to an adjacent row but belonging to a

different column, thereby to form a series connection of

n resistance elements belonging to different columns
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between each one of the first terminals and each one of
the second terminals.

The other objects, features and advantages of the
invention will become more apparent from the follow-
ing detailed description taken in conjunction with the
accompanying drawings wherein:

FIGS. 1 and 2 are plan views showing a pair of resis-
tors fabricated according to a prior art method;

FIG. 3 1s a plan view showing an arrangement of
resistors according to one embodiment of the invention;

FIG. [4] 44-4G is a diagram showing the steps of
process for making resmtors according to the invention;
and

FIG. 5 is a plan view showing an arrangement of
resistors according to another embodiment of the inven-
tion.

With reference to FIGS. 1 and 2, there are shown in
plan view a pair of rectangular resistors formed with the
atm to establish high relative accuracy for resistance
values. In FIG. 1, if the width across two opposing sides
3 and 4 of a diffused resistance element 1 1s W1, and the
width across two opposing sides 5 and 6 of another
resistance element 2 is W2, and the length across two
opposing sides 7 and 8 of the resistance element 1 is L1,
and the length across two opposing sides 9 and 10 of the
resistance element 2 is 12, then the following condition

holds.
B,

LZ/'LI = 1

where a;and 3, denote deviations ascribed to the previ-
ously discussed mismatching and misalignment factors
such as misalignment in mask cutting.

The deviation AR1 between resistance values R1 and
R2 of resistance elements 1 and 2 may be given as:

AR1 = (R2 — R1)/(R2 + R1)

Thus:

AR1 = (L2/W2 — L1I/W1)/(L2/W2 + L1/W1)
= (L2/W2.W1/L1 — 1)/(L2/W2-W1/L1 + 1)
={(1 + ap + BY}{1/(1 + o)1 + 8) + 1}
=(ay + B1)/2

In FIG. 2, assume that a pair of diffused resistance
elements 20 and 21 on a semiconductor substrate have
resistance values R20 and R21 respectively. These resis-
tance elements have their sides colinear with straight
lines 22 and 23 respectively. In this structure, there is no
deviation in width between the two resistance elements,
that 1s, the widths of the two resistance elements are
equally W3. Assume that the length across sides 24 and
25 of the resistance element 20 is L3, and the length
across sides 26 and 27 of the resistance element 21 is L4.
Then there 1s a deviation 8, between lengths L3 and L4.
Hence, a resistance deviation AR2 exists between the
two resistance elements due to 8,. That is, 1.4/1.3 = 1
+ B,and AR2 = (R21 — R20)/(R21 4+ R20).

Thus:

AR2 =) (L4/W3 — L3/W3)/(L4/W3 + L3/W3)
= (L4 — L3)/(L4 + L3)
B,/(2 + By)

= By/2

With reference to FIG. 3, there is shown in plan view |
one embodiment of the invention, in which diffused
resistance elements 30 and 33 of rectangular shape and
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with widths and lengths equal to each other, are formed
on a semiconductor substrate. The resistance elements
30 and 31 have their opposing sides colinear with
straight lines 34 and 35, respectively. Hence, there is no
deviation in width between the two resistance elements
30 and 31; that is, the widths of the two elements are
equally W31. In the same sense, there is no deviation in
width between sides 36 and 37 of the resistance elements
32 and 33; that is, the widths of the two elements are
equally W32. The resistance elements 30 and 32 have
their top and base sides colinear with straight lines 38
and 39 respectwely, with the result that there is no
deviation in length between the two elements 30 and 32;
that is, the lengths of the two elements are equally L.31.
Similarly, there is no deviation in length between the
other opposing sides 40 and 41 of the resistance ele-
ments 31 and 33; that is, the lengths of the two elements
31 and 33 are equally 1.32. Assume that the resistance
values of resistance elements 30 through 33 are R30
through R33 respectively and that there are conditions
R30 + RX = RA and R31 + R32 = RB. The resis-
tance RA is obtained by connecting a terminal 42 to one
 electrode 43 of the resistance element 30, the other
electrode 44 to one electrode 45 of the resistance ele-
ment 33, and the other electrode 46 thereof to the termi-
nal 47. The resistance RB is obtained by connecting a
terminal 48 to one electrode 49 of the resistance 32, the
other electrode 50 to one electrode 51 of the resistance
element 31, and the other electrode 52 to a terminal 53.

Assume that a deviation 8; exists between lengths
1.31 and L32, and a deviation a; exists between widths
W31 and W32 due to the aforementioned reasons. That
is, 1.32/1.32 = 1 + B;and W31/W32 =1 + a;. Then
if AR3 = (RA — RB)/(RA + RB),

230 -+ R33) — (R3] 4+ R32
(R30 + R33) + (R31 + R32)

1 L32 L3 , L3
W W33 Wil T Wiz
L3, L32 L2 L L3
Wil T Wiz w2 T w2
P L3 W3l W31

131 W32 W2
132 132 . W3l
(8 )+( )

I31 " W32
{14+0+8)0+a)—A+ay)) — (1 + 8}

AR3 =

)
))

+

132

T3+
Wil
Wiz

I

P+ 0+ 8) (=14 a3)+ 0+ ay)+(1+ 8y)

atsf3;
(4 + ﬂ3:33 -+ 21'13 + EB;:,)

L 3B,
S

Table 1 below shows the comparative values of rela-
tive accuracy of a pair of resistors formed according to
the invention and according to the prior art. Table 1

evidences the fact that the relative accuracy is much 60

higher in the resistors of the invention than in those of
the prior art. o
For further illustrating the invention, the process of
making the resistors of the invention will be described
by referring to FIG. 4. As shown in FIG. 4(A), the
material for a photomask art work is, for example, of a

strip film 60 made of a Mylar base 61 coated with a resin
62 of red color As shown in FIG. 4B), a desired mask
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pattern is provided by cutting the resin 62 of the strip
film 60, generally by the use of a X —7Y coordinator 80
which comprises a tool 63 of diamond or sapphire held
by a scale 64 aligned in the direction of the X-axis. The
tool 63 can be moved along the scale 64. The scale 64 is
movable on a scale 65 aligned in the direction of the
Y -axis. Then, the resistance elements 30 and 31 (FIG. 3)
are disposed with their sides colinear with a straight line
34 in such manner that the tool 63 is fixed at a given
coordinate position on the X-axis scale 64 on the coordi-
nate graph, the scale 64 is moved along the Y-axis scale
65, and thus the resin 62 on the strip film 60 is cut along
a straight line 34’ FIG. 4(C). Similarly the resistance
elements 30 and 32 shown in FIG. 3 are disposed with
their sides colinear with a straight line 38 in such man-
ner that the scale 64 is fixed at a given coordinate posi-
tion on the Y-axis scale 65, the tool 63 1s moved along
the X-axis scale 64, and thus the resin 62 on the strip film

60 is cut along a straight line 38'. Therefore, as shown in

FIG. 4(C), the strip film 60’ has a bright portion 66 and
a dark portion 67. The bright portion 66 is the cut-out
portion of resin 62 which is to form a resistance element.
The resultant photomask pattern formed by art work is
reduced by known photographic techniques to provide
a master reticle such as, for example, a glass mask. A
diffused resistance element may be made in the follow-

~ ing manner by the use of a glass mask. An oxide film 69
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is formed on a semiconductor substrate 68 by thermal
oxidation technique, and a photoresist 70 is deposited
over the entire surface of the fiim 69, as shown in FIG.
4D).

The photoresist 70 is exposed to light through the
glass mask obtained by steps (A) to (C) of FIG. 4, and
the photoresist on a semiconductor substrate which is to
become a resistance element 1s removed by etching as
shown in FIG. 4(E). The oxide film 69 is selectively
etched by using the residual photoresist as a mask FIG.
4F. After the photoresist 70 is thoroughly removed, an
impurity is diffused thereinto and thereby a resistance
layer 71 is formed as shown in FIG. 4(G). This resis-
tance layer may be formed by ion implanation instead of
impurity diffusion. In a known manner, aluminum elec-
trodes are bonded respectively on the resistance ele-
ment at both sides of the resistance layer and are con-
nected by wirings as shown in FIG. 3, whereby a pair of
resistors are fabricated with high relative accuracy.

Thus, all resistance elements are formed by selec-
tively diffusing impurities into the same semiconductor
substrate. When they are formed together with other
active elements or passive elements in the same semi-
conductor substrate, all of these resistance elements are

fabricated in the same region and are isolated from the

other elements by a P-N junction in the substrate. Each
of the resistance elements may be also formed in differ-
ent regions and isolated from each other by a P-N junc-
tion in the substrate.

Moreover, these resistance elements may be formed
of a thin film of resistive layer. A resistive film is depos-

“ited upon the entire surface of the same substrate, such

as glass and ceramic, by sputtering or evaporation tech-

niques. The film is selectively etched by utilizing the

mask according to this invention in order to form resis-
tance elements. |

Another embodiment of the invention is schemati-
cally illustrated in FIG. 5. The aim of this embodiment
is to achieve high relative accuracy in the fabrication of

n pairs of resistors consisting of nxn numbers of resis-
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tance elements (where n = 3). In FIG. 5, nxn numbers
of resistance elements ryy, ryy, . . . 1,,_1, r,,0of rectangu-

lar shape with widths and lengths equal to each other
are disposed on a substrate in an n-row by n-column
matrix. The mask cutting on the photomask art work
used in the fabrication process is carried out in such
manner that, as described by referring to FIG. 4, the
straight line colinear with the sides of the resistance
elements in the X-axis on the same coordinate defines
the coordinate of the X-axis scale, and the straight line
colinear with the sides of the resistance elements in the
Y-axis on the same coordinate defines the coordinate of
the Y-axis scale.

The mask obtained from the photomask art work
formed in the above manner is used to'fabricate nXn
numbers .of resistance elements by ion implantation,
impurity diffusion, vapor deposition, or other suitable
techniques. These resistance elements are connected as
shown in FIG. § to form n pairs of resistors ry, 15, . . . I,
More specifically, each of n numbers of terminals T,
T3 Ty, ... Ty, 1s respectively electrically connected
with the first electrode of the resistance element of the
first row, each n numbers of terminals T2.1, Tz, To,
. . . T2 1s respectively electrically connected with the
second electrode of the resistance element of the n-th
row, and the second electrode of each one resistance
element belonging to each row is respectively electri-
cally connected to the first electrode of each resistance
element belonging to the adjacent row but belonging to
a different column thereby to form a series connection
of n numbers of resistance elements belonging to differ-
ent columns between each one of terminals T;, Ty..
T13,. . . T1.n and each one of terminals Ts.1, Ta.2, T2.3,
... Tam.

As shown in FIGS. 3 and §, a pair of electrodes of
each resistance element are formed at the same loca-
tions in each resistance element to provide substantially
the same resistance value therebetween. Although elec-
trodes are shown as points in these embodiments, they
may have a striplike shape with a length near or equal to
the width of the resistance element. Electrodes may be
formed at or near the opposite side of the resistance
element or at any locations in the resistance element,
provided that their locations in the resistance element
are the same.

According to the invention, the deviation in the mask
cutting process is ideally compensated to make it possi-
ble to realize the highest relative accuracy in the fabri-
cation of pairs of resistors on a substrate. At the same
time, the deviation of resistance values ascribable to a
temperature gradient on the semiconductor substrate is
minimized.

In the above embodiment, n X n numbers of resistance
elements are disposed in an n-row and n-column matrix.
A plurality of such matrices may be disposed side by
side or in cascade to form n pairs of resistors. In such
structure, the deviations among values of each of n pairs
of resistors are the sums of deviations among values of
each of n pairs of resistors in each matrix, with the result
that the relative accuracy is accordingly reduced as a
whole.

While a few preferred embodiments of the invention
have been described in detail, it is to be understood that
this description is made only by way of example and not
as a limitation on the scope of the invention.
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- TABLE 1
Example Example Example
~in prior in prior in invention
art (FI1G. 1) art (FIG. 2) (FIG. 3)

AR . (@, + By)/2 B,/2 aa-B3 /4
AR max. | o
when 1% 0.5% 0.0025%
a3 = 1%

-

What is claimed is:

1. An integrated circuit device comprising a plurality
of substantially rectangular resistance elements each
having first and second electrodes, said resistance ele-
ments being substantially equal both in width and in
length to each other, said resistance elements being
arranged in an n-row by n-column matrix (where n
stands for an integer larger than 1), said first and second
electrodes of each of said resistance elements being
respectively provided at the same positions in each of
said resistance elements, the upper sides of all of said
resistance elements belonging to the same row of said
matrix being colinear with a straight line, the lower
sides of all of said resistance elements of the same row
being colinear with a straight line, the right sides of all
of said resistance elements belonging to the same col-
umn being colinear with a straight line, and the left sides
of all of said resistance elements of the same column
being colinear with a straight line, n numbers of first
terminals respectively electrically connected with the
first electrodes of the resistance elements of the first
row, n numbers of second terminals respectively electri-
cally connected with the second electrodes of the resis-
tance elements of the n-th row, and means [for] re-
spectively connecting the second electrodes of each of
said resistance elements belonging to each row to the
first electrodes of each of said resistance elements be-

. longing to an adjacent row but belonging to a different
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column, thereby to form a series connection of n resis-
tance elements belonging to different columns between
each of said first terminals and each of said second
terminals.

2. An integrated circuit device of claim 1, wherein all
of said resistance elements are formed in the same sub-
Strate.

3. An integrated circuit device of claim 2, wherein
said substrate is of semiconductor and said resistance
elements are formed by introducing an impurity into
said semiconductor substrate.

4. An integrated circuit device of claim 1, wherein all
of said resistance elements are formed on one surface of
a substrate.

- 5. A combination comprising four substantially rect-
angular resistance elements each having first and sec-
ond electrodes, said resistance elements being substan-
tially equal in width and in length to each other, said
resistance elements being arranged in a 2-row by 2-
column matrix, said first and second electrodes of each
of said resistance elements being respectively provided
at the same portions in each of said resistance elements,
the upper sides of said resistance elements belonging to
the same row being colinear with a straight line, the
lower sides of said resistance elements of the same row
being colinear with a straight line, the right sides of said
resistance elements belonging to the same column being
colinear with a straight line, and the left sides of said
resistance elements of the same column being colinear
with a straight line, and first, second, third, and fourth
terminals, said first terminal being connected to said
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first electrode of said resistance element of the first row
and the first column, said second terminal being con-

nected to said first electrode of said resistance element

“of the first row and the second column, said third termi-

‘nal being connected to said second electrode of said

resistance element of the second row and the first col-
umn, and said fourth terminal being connected to said
second electrode of said resistance element of the sec-
ond row and the second column, said second electrode
of said resistance element of the first row and the first
column being connected to said first electrode of said
resistance element of the second row and the second
column, and said second electrode of said resistance

element of the first row and the second column being
15

connected to said first electrode of said resistance ele-
ment of the second row and the first column.

10

6. [a] 4 combination comprising a plurality of sub- '

stantially rectangular resistance elements each having
first and second electrodes, said resistance elements
each having first, second, third, and fourth sides, said
resistance elements being substantially equal in width

‘and in length to each other, said resistance elements

20

being arranged in an n-row by n-column matrix (where -

35

25

n stands for an integer larger than 1), said first and
second electrodes of each of said resistance elements

being respectively provided at or near said first and

second sides thereof, said first sides of said resistance
elements belonging to the same row being colinear with
a straight line, said second sides of said resistance ele-
ments of the same row being colinear with a straight
line, said third sides of said resistance elements belong-
ing to the same column being colinear with a straight
line, and said fourth sides of said resistance elements of

the same column being colinear with a straight line, n

numbers of first terminals respectively electrically con-
nected with the fist electrodes of said resistance ele-

~ ments of the first row, n numbers of second terminals

respectively electrically connected with the second
electrodes of said resistance elements of the n-th row,
and means [for] connecting the second electrodes of
each of said resistance elements belonging to an adja-
cent row but belonging to a different column, thereby
to form a series connection of n resistance elements
belonging to different columns between each of said

- first terminals and each of said second terminals.
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