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_present invention generally relates to thick filmresi stors used in

resi stance 5 val ues for resistors for
conposi ti on cdk18608%adi |y achi eved Il the resistive
portions of the resistors to be essentially i dentical in shape and

size, such that packing density THICKBIIMRESISTORCan be I ncreased.

10 Background of the Invention- Thick filmresistors
are enpl oyed | vy ctronic circuits . to provide a w de range of
resi stor val ues, tween about 0.1 Wand

The present invention generally relates to thick film resistors

hybrid el ectronic circuits. Mre parti culb#Sh tHishBie&nﬂe& cggltion relates to
an inproved thick filmresistor configura !&ﬁ{’!’ﬁ ! di fferent
resistor

used in hybrid electronic circuits. More particularly, this invention relates to
an improved thick film resistor configuration, by which different resistance

5 values for resistors formed of the same resistor composition can be readily
achieved while forming the resistive portions of the resistors to be essentially
identical in shape and size, such that packing density of the resistors can be

increased.

10  Background of the Invention
Thick film resistors are employed in hybrid electronic circuits

to provide a wide range of resistor values, generally between about 0.1 W and
about 10 MW. Such resistors are printed on a ceramic substrate using thick
film pastes, or inks, which are typically composed of an organic vehicle, a

15  glass frit composition, an electrically conductive material, and various
additives used to favorably affect the final electrical properties of the resistor.
Thick film conductors are employed to terminate the resistors of a hybrid
circuit, and are typically formed prior to printing the resistor ink such that
portions of the resistor ink overlie portions of the conductors. After printing,

20 the resistor ink is dried and then sintered, or fired, to convert the ink into a
suitable resistive film that adheres to the ceramic substrate and the underlying
terminal portions of its conductors. After firing, part-to-part variations in
resistance occur as a result of the difficulty in achieving consistent and
uniform film thigknesses during printing of the resistor ink. Therefore, thick

25 film resistors are typically printed to achieve a consefvatively low resistance,
and then trimmed to increase their resistance values to that required by their
circuits. Trimming often entails using abrasive or laser techniques to form a
cut into the thick film resistor, thereby increasing the resistor’s effective

electrical length, resulting in a corresponding increase in electrical resistance.
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“about 10 MW Such resistors are printed on a ceram c substrate using thick
filmpastes, or inks, which are typically conposed of an organic vehicle, a
15 glass frit conposition, an electrically conductive nmaterial, and

vari ous additives used to favorably affect the final electrical
properties of the resistor. Thick filmconductors are enployed to
termnate the resistors of a hybrid 2 circuit, and are typically forned
prior to printing the resistor ink such that portions of the resistor
ink overlie portions of the conductors. After printing, 20 the resistor
ink is dried and then siTHi& §%h reistdrs tifcallyha0® BNEbE twdBasidk into a
suitable resistive filmthat adheres to the ceram c substrate and the
underlying  configusationsal Theofinst employs a irectangyha wesissive filyf pastert betwaen
part-to-part variafio I n . resi.stance occur.as a result of the
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electrical resis

Theoretically, a single ink composition could be used to create
all resistors on a given circuit by forming the resistors to have appropriate
10 lengths. However, severe space and size constraints typically dictate the use
of different ink compositions within a given circuit. For this purpose, inks
are commercially available in composition families referred to as end-
members, which are formulated to produce resistors having sheet resistivities
(Rs) in decade values from about 1 ohm per square (W/ ) to about 10
15 megohms per square (MW/ ), (per 25 micrometers of dried thickness).
Compositions having values that are one decade apart are referred to as
adjacent end-members, which are blended to produce intermediate values of
resistance. During sintering, the resistor ink is heated at a rate that is
sufficiently slow to promote stability of the resistor and to allow the organic
20  vehicle of the ink to burn off. Both physical and chemical changes occur
within the thick film during sintering, by which the conduction network or
microstructure of the resistor is formed. Various additives are typically used
to achieve specific desired resistivity, stability and temperature characteristics.
The resistance of a thick film resistor can be theoretically

25 determined by the following equation:

Resistance (W) = Rg x L/'W

where Rg is the sheet resistivity of the ink composition in ohms/square (W/ ),

30 L is the electrical length of the resistor, and W is the electrical width of the



27 Thick filmresistors typically have one of two

.basi c configurations. The first enploys a rectangular resistive film
pattern between paral |l el conductors, as illustrated in Figures la-1d;
t he second configuration is known as a "top-hat" geonetry, and

I ncludes a resistive filmregion 5 projecting laterally froma

rect angul ar base region of resistive fild | ocated bet ween conductors.
The former configuration is nore wi dely used, though t he top-hat

configuration is advantageous where a wide trimrange is desired.
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variations noted above as a result of the printing process, the sheet resistivity
10  value of a resistor generally decreases as the length of the resistor decreases
due to metal ion (conductor) diffusion into the resistor during firing, such as
when silver-bearing thick film conductors are employed to terminate the
resistor on the circuit. The effect of conductor diffusion on sheet resistivity
can be significant, yielding an “out of balance” resistor whose resistance is
15  below that required by its hybrid electronic circuit. Consequently, resistor
trimming must also be performed to compensate for lower resistance values
that occur due to conductor diffusion during firing.
While final resistance values of about 4-1% can be achieved
using abrasive or laser trimming techniques, the added processing step is
20  often undesirable from the standpoint of production costs and throughput.
Furthermore, the degree to which the resistance value of a resistor can be
corrected by trimming alone is complicated by the nonlinear relationship
between length of cut and change in resistance, such that values outside a
specified range may be inadvertently obtained, particularly if a relatively long
25  cut is required, resulting in scrappage of the circuit. An additional
complication arising from longer trim cuts is resistor instability during
operation, which has been correlated to material interactions that occur
between the resistor and the underlying dielectric during trimming.
Consequently, the ability to improve trimming precision or reduce or

30 eliminate the requirement for trimming would enhance the reliability of the



+ 20" + vehicle of the ink to burn off. Both physical and chem cal changes

_occur within the thick filmduring sintering, by which the conduction
net wor k or m crostructure of the resistor is fornmed. Various
additives are typically used to achieve specific desired resistivity,
stability and tenperature characteristics. The
resi stance of a thick filmresistor can 4e theoretically 25 det er m ned by
the foll ow ng equati on: Resi stance (W = Rerr] x
L/ W where Rl err] is the sheet resistivity of the ink conposition in

ohnms/ squar e (\Mrtuit 8Rd prdmdté higher plodaétidncates) ength of the resistor, and Wis
the electrical width of the
3 Another aspect of thick film resistor design is the desire to
maximize the packing density of a resistor circuit or network, where the term
“network” is taken to include the actual resistors as well as the conductive
5  traces, probe pads, wirebond pads, interlayer conductor vias, surface mounted
devices, etc., required for the circuit and which need to be placed in
immediate proximity to the resistors. Although current resistor printing
techniques achieve what are considered to be dense resistor networks, a large
fraction of bare substrate is practically always present in the vicinity of the
10 resistors. Notable reasons for the presence of these vacant surface regions
include limitations of print definition, the practice of providing an open area
along the edge of a resistor at which a trim cut is to be initiated, the wide
range of resistor widths and lengths often required for resistors within a given
network, and resistor balancing requirements. The latter is involved when it
15 is desired to reduce the length of a trim cut for a resistor, necessitating a
change in the resistor’s length and/or width. To allow for such changes to
occur after the circuit layout has been determined, sufficient substrate surface
area in the vicinity of each resistor must be provided in order to permit the
size of a resistor to be changed without affecting the layout of the remaining
20 circuitry. Accordingly, optimum packing of a thick film circuit is rarely
attainable due to the inevitable use of resistors having a wide variety of shapes
and sizes, and the necessity to accommodate additional changes in resistor size
as dictated by balancing.
From the above, those skilled in the art can appreciate the need
25 for an improved thick film resistor configuration that enables the use of nearly
identically-sized resistor portions (i.e., resistor portions having identical
footprints) to promote denser resistor packing. In addition, it would be
desirable if such a resistor configuration could completely eliminate the
requirement for trimming under some circumstances, and promote the

30  precision of the trimming operation under circumstances where trimming is



‘resistor. Aresistor's length and wi dth dinmensions determ ne the surface

_area, or "footprint," required to accomodate the resistor on the
surface of a circuit. The above equation is conventionally used to
design thick film resistors for hybrid circuits, with the length (L)
of the resistor often being the 5 final design characteristic
mani pul ated to obtain the targeted resisfance for a resistor in a

circuit. In practice, the behavior defined by the above equation is
non-ideal, with as-fired thick filmresistors having resistances that can
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resistor to be achieved while simultaneously promoting denser resistor

packing of a thick film hybrid circuit.
It is another object of this invention to provide a method for
15 fabricating thick film resistors having such a configuration.

It is still another object of this invention that such a resistor
configuration and method reduce and potentially eliminate the requirement for
trimming.

"It is a further object of this invention that such a resistor
20 configuration enables thick film resistors of a given circuit to be produced
from the same ink composition.

It is yet a further object of this invention that such a resistor
configuration enables the use of shorter trim cuts and yields a more linear
relationship between trim cut length and resistance.

25 In accordance with a preferred embodiment of this invention,
these and other objects and advantages are accomplished as follows.

According to the present invention, there are provided a novel
thick film resistor configuration and a method for fabricating thick film
resistors, by which such resistors can be processed to achieve targeted

30 electrical resistances. More particularly, the configuration and method of this



+ speci fied range may be inadvertently obtained, particularly if a relatively
.long 25 cut is required, resulting in scrappage of the circuit. An

addi ti onal conplication arising fromlonger trimcuts is resistor
instability during operation, which has been correlated to materi al

I nteractions that occur bet ween the resistor and the underlying
dielectric during trinmm ng. Consegiently, the ability to inprove
trimm ng precision or reduce or 30 elimnate the requirenent for trinmm ng
woul d enhance the reliability of the
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Anot her aspect of thick filmresistor design is the desire to maxi m ze
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"network" is taken to in de the, actual resistor wel.l. as the
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vias, surface BRuh&%by a ratio of 20:1 or more. The resistors are characterized by
5  differences in their resistances being achieved through appropriate
modifications to their conductor configurations. As a result, a standardized
resistor size can be adopted for a given resistor network, thereby enabling
optimal resistor packing for the network since subsequent modifications in
resistor lengths and widths for resistor balancing need not be accommodated.

10 The invention further entails a conductor configuration that
achieves a higher but more constant change in resistance relative to trim cut
length by concentrating current flow at the intended start-of-trim site. The
result is shorter and more accurate trim cuts, which significantly increase the
speed and accuracy of the trimming process. An additional result is reduced

15  scrappage due to excessively long cuts and resistor instability, both of which
are more likely to occur when relatively long trim cuts are required.
Consequently, circuits employing thick film resistors configured and
fabricated in accordance with this invention are characterized by enhanced
production throughput, repeatability, and reliability.

20 Generally, a thick film resistor configured in accordance with
this invention includes a pair of conductors having terminal portions that
overlap (e.g., overlie or underlie) a resistive portion. The resistive portion is
characterized by a footprint that can be essentially identical to that of other
thick film resistors of the same hybrid circuit. As used herein, “footprint”

25 denotes the surface area required to accommodate the resistor as dictated by
the resistor’s size and shape (e.g., its outer dimensions and geometry). The
terminal portions of the conductors are disposed at opposite edge portions of
the resistive portion so as to be electrically interconnected through the
resistive portion. As such, the terminal portions establish a current path

30 therebetween through the resistive portion, and therefore establish the



+ devices, etc., required for the circuit and which need to be placed in
imedi ate proximty to the resistors. Al though current resistor printing

t echni ques achi eve what are considered to be dense resistor netwrks, a

| ar ge fraction of bare substrate is practically always present in the
vicinity of the 10 resistors. Notable reasons for the presence of these
vacant surface regions include linftations of print definition, the
practice of providing an open area al ong the edge of a resistor at
which a trimcut is to be initiated, the w de range of resistor
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ci rcunst ances, and pronote the
and shapes. At the same time, multiple resistor networks may be present in a
single hybrid circuit, with each network employing resistor and terminal
portions that differ from those of the other resistor networks in order to

15  uniquely accommodate additional circuit components or any other particular
circuit requirements. Denser resistor packing is also promoted because
surplus substrate space is not required around each resistor to accommodate-
possible changes in resistor size after circuit layout is completed due to a
subsequent resistor balancing of the circuit.

20 According to one embodiment of the invention, the terminal
portions of a resistor are formed to have opposing tapered edges that diverge
relative to each other. As such, the resistor’s current path is established
between the tapered edges, and the lengths of the tapered edges determine the
length and flux pattern of the current path, which in turn affects the resistance

25  value of the thick film resistor. In addition, it has been determined that the
diverging tapered edges of the terminal portions create a nonuniform current
density through the resistor portion. By configurihg the terminal and resistor
portions to concentrate current flow at the intended start-of-trim site, a
significant increase is achieved for the ratio and linearity between the change

30 in resistance and the length of a trim cut made in the resistive portion. As a



30 - precision of the trinm ng operation under circunstances where trinm ng
IS 5

necessary. Availability of such a resistor configuration would allow nore
options for circuit packing of a thick filmhybrid circuit having a nunber
of thick filmresistors when other circuit conponents are al so
present. For exanpl e, any nunber of8resistor portions could be forned
havi ng essentially 5 identical footprints, the shape and size of which
being tailored for a given resistor network to allow for greater

flexibility wh | %H’él‘ﬂ T ' t er to
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trim cut which leads to greater resistor stability.

5 Other objects and advantages of this invention will be better

appreciated from the following detailed description.

Brief Descripti D
The above and other advantages of this invention will become
10 more apparent from the following description taken in conjunction with the
accompanying drawings, in which:

Figures 1a-1d show the current flux pattern of a thick film
resistor configured in accordance with the prior art;

Figures 2a-2d show the current flux pattern of a thick film

15  resistor configured in accordance with one embodiment of the present
invention;

Figure 3 contrasts the relationships between change in
resistance and length of trim cut for the prior art resistor of Figures 1a-1d and
the inventive resistor of Figures 2a-2d; and

20 Figures 4 through 5 represent thick film resistors configured in

accordance with second and third embodiments of the present invention.

Figures 2a-d, 4a-b and 5a-b represent thick film resistors
25  configured and processed in accordance with this invention. For contrast, a
thick film resistor 10 configured in accordance with prior art practices is
shown in Figures 1a-d. The prior art resistor 10 is shown as including a pair
of parallel conductors 12 that extend along opposite edges of a resistive film
.14, through which current flows between the conductors 12. In Figure 1a,

30 the current path through the resistive film 14 is represented by a number of



-configuration that enables the required electrical resistance of a thick
film resistor to be achieved while sinmultaneously pronoting denser
resi stor packing of a thick filmhybrid circuit. '

It is another object of this invention to provide a nmethod for 15
fabricating thick filmresistors having such a configuration.

It is still another object of this inven®ion that such a resistor
configuration and nmethod reduce and potentially elimnate the requirenent
for trimm ng. _ It isafurther object of this
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resistor 10 (corresponding to Figure 1a). As shown, the relationship between

resistance and trim cut length is far from linear, with the ratio being rather
10 low for the shorter trim lengths of 50 percent and less. Consequently,

relatively long cuts are often required, and the precision with which a desired

resistance value can be obtained becomes increasingly complicated by the

nonlinear relationship as longer trim cuts become necessary. Further

complicating this situation is the greater likelihood of resistor instability as a
15  result of a relatively long trim cut.

Figures 2a-d illustrate a resistor 110 configured in accordance
with a first embodiment of this invention, and by which significant
improvements in the resistance-trim cut relationship are achieved. The
resistor 110 includes a pair of conductors 112 and a resistive film 114 through

20  which current flows between the conductors 112. Though the conductors 112
are shown as extending substantially collinear to each other in a direction
transverse to the opposite edges of the resistive film 114, it is equally
foreseeable that the conductors 112 could extend parallel to each other along
the opposite edges of the resistive film 114. Notably, the opposing ends of

25  the conductors 112 are tapered to form opposing edges 120 that diverge
relative to each other, i.e., they diverge in a direction corresponding to a line
equidistant from the edges 120. Also shown is a breach in the resistive film
114 between the conductors 112. The breach forms a short slot 122 that
extends into the otherwise rectangularly-shaped perimeter of the resistive film

30 114. According to the invention, the slot 122 eliminates the requirement to



-6 . i nvention involve creating thick filmresistors for a hybrid

circuit, in which the resistors of a given resistor network can be
formed fromthe sane resistor conposition and have essentially the
sane footprint, yet may differ in resistance by a ratio of 20:1 or
nore. The resistors are characterized by 5 differences in their

resi stances bei ng achi eved through approgi ate nodi fications to their
conductor configurations. As a result, a standardi zed resi stor size
can be adopted for a given resistor network, thereby enabling optima
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required. affect on the length of the current path and therefore the resistance value of

the resistor 110. Notably, the tapered edges 120 of the conductors 112 alter
the flux field through the resistive film 114, concentrating the current flow

10  near the slot 122 where the trim cut 118 is initiated. This effect on current
flow density remains apparent regardless of the length of the cut 118.
Furthermore, as schematically depicted by Figures 2a-d, the length of the cut
118 has a significant effect on all of the flux lines 116, including those
furthest from the cut 118. An advantageous result arising from the above-

15  noted aspects can be seen in the change in resistance of the resistor 110
relative to the length of the trim cut 118, which is illustrated in Figure 3. As
is apparent, the resistance ratio for the resistor 110 of this invention is
significantly more consistent than that for the resistor 10 of the prior art.

Furthermore, Figure 3 shows that the ratio between resistance

20 and trim cut length for the resistor 110 is roughly twice that for the prior art
resistor 10 at trim lengths up to about 75 percent. Consequently, significantly
shorter cuts 118 can be employed to achieve the same change in resistance,
and the more constant resistance-cut length ratio promotes the precision with
which a desired resistance value is obtained. An important advantage

25  resulting from this aspect of the invention is that the resistor 110 of Figures
2a-d is more stable than the resistor 10 of Figures la-d, and is therefore more
tolerant of subsequent processing. Consequently, the resistor 110 is highly
suitable as a buried resistor of a multilayer thick film hybrid circuit, in which
a dielectric layer overlies the resistor 110. In this role, deposition and firing

30  of the overlying dielectric layer has minimal effect on the resistance of the



.Consequently, circuits enploying thick filmresistors configured and
fabricated in accordance with this invention are characterized by enhanced

production throughput, repeatability, and reliability.
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shape (e.qg., i tisveatiber decasmrasn mhresmeisdng&oatm of/the rédistor 10 showreinmi nal
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the resistive pesiFola-dsond besxpercted @cqhapgeaqﬂgv icatly, QB HgubEAUENr ough t he
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corrected by trimming due to the presence of the dielectric layer/

Yet another advantage of the resistor configuration shown in
Figures 2a-d is that the power handling capability of the resistor remains
relatively constant and may even increase as the length of the trim cut 118
increases. For a conventional resistor cut as shown in Figures 1a-d, the
resistive portion 14 nearest the trim cut 18 does not carry a significant amount
of current; this area is effectively lost for the purpose of heat dissipation,
resulting in a decrease in power handling capacity for the resistor 10. The
tapered edges 120 of the conductors 112 shown in Figures 2a-d significantly
reduce this effect since current flows through an increasingly larger region of
the resistive portion 114 as the length of the trim cut 118 increases. As a
result, power resistors equipped with tapered conductors in accordance with
this invention can be made smaller and more easily trimmed as compared to
prior art resistors of the type shown in Figures 1a-d.

The above advantages noted with the resistor configuration of
Figures 2a-d are largely attributable to the tapered edges 120 of the
conductors 112, the size of the conductors 112 and their orientation relative to
the resistive film 114. Notably, the resistive film 114 and a portion, herein
referred to as a terminal 112a, of each conductor 112 overlap each other, such
that the size and shape of the terminals 112a directly affect the current path
and therefore the resistance of the resistor 110. For illustrative purposes, the
terminals 112a are shown in Figures 2a-d as those portions of the conductors
112 that overlie the resistive film 114, though it is more conventional that the
resistive film 114 would be deposited after formation of the conductors 112,
such that the terminals 112a are defined as those portions of the conductors

112 that lie beneath the resistive film 114.



"resistance value for the thick filmresistor.

According to the invention, the current path of the thick film

resistor can have a different Iength than current paths of other thick film
resistors on the same circuit by sole virtue of its termnal portions
having a 5 different shape and/or size that those of the other

resistors. As a result, the resi stince value of the thick film
resistor can be significantly different from t he resi stance val ues of
the other resistors of the same circuit, though the resi stors have

resistive portions w th Wihesfetetkct Yo Fipaifdsi 4aadndf4d twi¢nillastrAS theick film
result, denser packing can be achieved with this invention because resistor

10  pl acenmentresipf@rsek oxdimgs tor asesond enbedimepielcthis ipyeniioni aleringch resi st or

are not [ | red accon etwor k, of r.esi stfr,s. hayi a wde
e 00 o o MR L PRI eI kS A, 2
networks may hfarke® 8Bt dnthé current pafi MBGUBhIIHEO Fdsihtivt FilMiN14, Whd thefFefe networ k
enpl oyi ng resi stor and term nal portions that differ fromthose of

t he ot her mesitht oesistaicoake of theoregistor 260.1 Again, rthe)resisyivapesiomidtis

additional circuit c onents or _any other ticul ar .circyit
requi rements. BENESS ng’é'gé‘tr&Fta%Hﬁ P§,JWith 53{%@#&%%88&82@& the

surpl us subst it SPRGRirkMedtTbr BHHEGCRT OHNoEIOW) BiiskleQr the accommodat e
esinr

possi bl e chan sistor size atfer circult layout 1s conpleted due to
a subseqeetahgul@spatern obthk aesistivg filln 21de The conducto0212 are shown
According to one enbodi nent of the inventign, the terpna portions

I
of a resistor AhSMERTRAEd colkrerk 1oeAsBArhes. thepeh By sqglexiondiramlidie
relative t.g e3ghy, Qe hs daNcRE I Fidul& 7258 Fildily SthE4EnBRiis B aleSnwhab! | shed

to have differing lengths in the direction along the opposite edges of the

resistive film 214, such that the resistance values of the resistors 210 of
Figures 4a and 4b will correspondingly differ.
As Figures 4a and 4b are intended to illustrate the use of
15  different conductor configurations to form otherwise identical resistors, the
material used to form the resistive films 214 would be the same. Nonetheless,
the resistance value for the resistor 210 shown in Figure 4a has been
experimentally determined to be roughly one-half that of its counterpart in
Figure 4b, an effect derived solely from the differing lengths of their
20 terminals 212a in conjunction with the presence of the opposing tapered edges
220. Again, the footprint of the resistive film 214 is identical for each
resistor 210, and therefore is not a contributing factor in the different
resistance values obtained.
Figures 5a and 5b illustrate yet another embodiment of this
25 invention, in which the size and shape of the terminals 312a are modified to
affect the current path through a resistive film 314, and therefore the
resistance value through a thick film resistor 310 formed by the resistive film
314 and the terminals 312a. As with the embodiment of Figures 4a and 4b,
the resistive film 314 is shown as having a slot 318, and a pair of conductors

30 312 forming the terminals 312a are shown as being oriented collinear to each



- between the tapered edges, and the lengths of the tapered edges determ ne
.the |l ength and flux pattern of the current path, which in turn
affects the resistance 25 value of the thick filmresistor. In addition,
it has been determ ned that the di verging tapered edges of the

term nal portions create a nonuniform current density through the
resistor portion. By configuring the terl®i nal and resistor portions
to concentrate current flow at the intended start-of-trimsite, a
significant increase is achieved for the ratio and linearity between the

change 30 i myhés ﬂﬁl@ﬂﬁgalﬁ@ﬁ’eyté?ﬁld BOSHIWIPAs Beilg paralidltto BRchEothét. t he
resistive pOI’tIOﬂ As

8 res uIItIQtablblethertmmmlsﬁl@a areonot showme toahr viei apposing taperedzadges; sori m a
cnabi s & shorisdp el féindliict et diverdoe b SpUA TRe PELER ot ati 1 ¢y
resistance values of the resistors 310. The resistive film 314 again has a
5  rectangular footprint, though notably altered by an extension 322 through
which any trim cut (not shown) would extend from the slot 318.
Advantageously, the extension 322 provides for a wide trimmable range for
the resistors 310.
As with Figures 4a and 4b, the resistor embodiment of Figures
10  5aand 5b is intended to illustrate the effect that different conductor
configurations have on otherwise identical resistors, i.e., same resistive film
material and footprint. Nonetheless, the resistance value of the resistor 310 of
Figure 5a has been experimentally determined to be roughly six-tenths that of
its counterpart in Figure 5b, an effect derived solely from the differing sizes
15  of their terminals 312a. Again, the footprint of the resistive film 314 is the
same for each .resistor 310, and therefore is not a contributing factor in the
different resistance values obtained.
According to the invention, generally conventional processing
techniques can be employed to fabricate a thick film hybrid circuit having a
20  resistor network composed of thick film resistors configured according to this
invention, such as one or more of those shown in Figures 2a-d, 4a-b and 5a-b.
The thick film materials for the resistive films and conductors may be chosen
from those commercially available. Prior to printing the resistive films and
conductors, the present invention enables the physical dimensions of the
25  resistor films to be predicated on optimizing the resistor packing density of
the circuit, in view of generally broad limitations established by the targeted
resistive values. With this invention, it is foreseeable that all resistors of a
given resistor network will employ resistive films whose shape and outer
dimensions are the same and optimized to promote the density of the network.

30 For example, each of the resistive films 114, 214 and 314 of the resistors



5 . O her objects and advantages of this invention will be

bette appreciated fromthe follow ng detail ed description.

Brief Description of the Draw ngs The above and ot her
advantages of this invention will becone 10 nore apparent fromthe

foll owi ng description taken in conjunction with the acconpanyi ng
drawi ngs, in which: fdgures la-1d show the current fl ux
pattern of a thick film resi stor configured in accordance with the
prior art; Fi gures 2a-2d show the current flux pattern
of a thick filma510 4R63 % Rive @GR AR AKobDriAt &I May heverht RadB@vertiodi ment
of the present I nventi on; Figure 3 contrasts the

rel ati onshi ps sizeythenglt Hrirgpecific shapes and sorxtuator patigrds maghftdiffest. Mostm cut f or
e e T GRaB he les e Sk A memond R B oot o o
enbod mont s of TR Br aeangie bspect rauf RERKRARGS) W el EEPIARBUME 1 1 he
| nvention s order to roughly obtainfhe desired2asistanctavainesfod edch- tesisopagieent t hi ck
ot S e L ASH cogventional, the Tesistance valie of cach thick Him Tesistor © °
required by the circuit may dictate the use of a particular resistor ink
composition to provide a suitable initial sheet resistivity.
The next step in configuring the resistors is to determine the
10  conductor configuration, or more accurately the shape and size of the
terminals of the conductors, including whether or not the terminals should be
formed to have tapered opposing edges as depicted by the embodiments of
Figures 2a-d and 4a-b. The decision to form the terminals with opposing_
tapered edges may take into consideration the extent to which trimming is
15  anticipated in order to achieve an appropriate resistor balance for the circuit.
Any suitable printing process can then be employed to deposit the thick film
materials, such as a screen printing technique. The resistive films are
preferably printed, dried and fired after printing and firing the conductors,
such that the resistive films overlay and adhere to the conductors and the
20 circuit’s substrate.
After firing, conventional resistor balancing procedures may be
followed to more precisely attain the resistances required by the circuit.
Importantly, trimming of resistors configured according to this invention can
be performed more readily in view of the more linear relationship achieved
25  between the change in resistance and trim cut length, as illustrated by Figure
3. Furthermore, the slots formed in the resistive films also facilitate the
trimming operation, since trim cuts need not be initiated outside of the
resistive film area. _
From the above, it can be appreciated that a significant

30 advantage of this invention is that a hybrid thick film circuit having thick film



“thick filmresistor 10 configured in accordance with prior art practices is
shown in Figures la-d. The prior art resistor 10-is shown as including a
pair of parallel conductors 12 that extend al ong opposite edges of a
resistive film 14, through which current flows between the conductors
12. In Figure la, 30 the current path through the resistive film14 is
represented by a nunber of 15

9 essentially parallel flux lines 16. Figures |b-d show the
progressive effect of |l onger trimcuts 18 in the resistive film 14,

and parti cul arfeyistofiecdnfigied\iftla¥cordance wafhedhisSinvaitiof @an hbldtve dﬁfhs@ ut 18 has on
those flux lines 16 nearest the cut 18. g}llj_re 3

graphi cal | y i |resistor packing theoughfageptios o%armmgnzéwnd@ndwze&sand Slhépfg trimcut
18 and the resultin Wg{:ilﬁstaneva he r.esi stor

"Rel ati ve Resi'8tI¥ SRS Tais qrd'tl i"‘&‘%ﬁn TEHISOF Bgt]wﬂ]énd@g%gf ue after the
cut (e. GiniqueB®f E&iﬂ%ﬁﬁﬁg gk dhdlittory TeabPrddistdrQo taBﬁrthhzﬁél@%btzﬁﬁ si stance

val ue of the
5 the desired resistance value for each resistor of the circuit. After firing,

trimming can be performed to more closely obtain the desired target
resistances for each resistor. Notably, a wide range of resistances, generally
on the order of about 20:1, can be attained using the same ink composition for
all resistors of a circuit, though it is within the scope of this invention that

10 different resistive inks could be used. In some circumstances, it is foreseeable
that thick film resistors could be fabricated without requiring a post-firing
trimming operation. Otherwise, it is anticipated that a significantly reduced
amount of trimming would be necessary to bring a resistor within the
tolerance range permitted by a circuit as a result of uniquely configuring the

15  conductors for each resistor, as well as the reduced amount of trimming
necessary as a result of the higher resistance change-to-cut length ratio
achieved by the use of tapered terminals. In summary, the present invention
provides a novel thick film resistor configuration and a method for fabricating
thick film resistors characterized by enhanced production throughput,

20 repeatability, and reliability.

While our invention has been described in terms of a preferred
embodiment, it is apparent that other forms could be adopted by one skilled in
the art. For example, different materials and resistor configurations could be
used other than those noted and shown, and processing techniques and

25  processing orders other than those noted could be employed. Accordingly,

the scope of our invention is to be limited only by the following claims.



"resi'stor 10 (corresponding to Figure la). As shown, the relationship

.bet ween resistance and trimcut length is far fromlinear, wth the
rati o being rather 10 | ow for the shorter trimlengths of 50 percent and
| ess. Consequently, relatively long cuts are often required,--and the
precision with which a desired resi stance val ue can be obt ai ned
becones increasingly conplicated by the 16 nonI | aan:eoquhcai as

| onger trimcuts become necessary. Further m

situation is the greater |ikelihood of resistor i nst

result of a ratlpA]ME!Yy long trimcut. Figures 2a-
illustrate a resistor 110 configured in accordance wth a first
enbodi ment of this invention, and by which significant | mprovenent s

110 el udes a pair of confuEeBh sk iR Sl G¥fors e methad, [0 gh 20
whi ch cur rent donBirdeh¥s@Ps b iRt GHcRI0? a bhik of TR A gistoanaumer s 112

are shown as extending substantially collinéar to each other in a direction
transverse to atesistypperition asd ge@riraif cohducters; eaché thid ¢andaatars havingsa equal | y

f ble that t duct 112 | d t h oth
along 1 AR éﬁagés?s&wepﬂ&l"ﬂ?’l@@f%ﬁhﬁd@?ﬁmﬁﬁn RNl y, the

opposi ng eRds WkingSpprddif ﬁ%sz fc‘mfn BloffisfbRtahi4] RRRGSH N9 edges
120 that diver ge1 ppr re ativ ﬁ g)ac 2 @(Ip oS bEey c}llpver ge ?n a
direction cor rresiptivedmatgritls; and fomeach ofthedqck ﬂlmtremtorfsr forntilethedges 120.

Al so shown is a breach.in the resistive film 4 between the

conduct ors 11ermifal partoRsANdARRESiE edes portgnsof Ilz?zreﬂque portion t V&R i nt o
1S et o A YA SRS SEOF Hhnl WU 0

the resistive portion, the terminal portions being sized and shaped to

10 determine a length for the current path and thereby affect a resistance value

for the thick film resistor, the resistance value for a first of the thick film

resistors differing from the resistance value of a second of the thick film

resistors as a result of the terminal portions of the one thick film resistor

differing in size and shape from the terminal portions of the second thick film

15  resistor.

2. The thick film resistors formed by the method recited in

claim 1.

3. The thick film resistors as recited in claim 2, wherein the
thick film resistors are buried resistors of a multilayer thick film hybrid

circuit.
4. A method as recited in claim 1, further comprising the step
of forming at least one of the thick film resistors to have a breach formed at

an edge of the resistive portion between the terminal portions.

5. A method as recited in claim 1, further comprising the step

g, ——

REPLACED |




<10 - start a trimecut, such as the trimcuts 118 shown -i.n_Fi gures

2b-2d, outside the rectangul ar perineter of the resistive film 114>
As with the prior art resistor 10 of Figures la-d, a cuthisShéepa

through the resistive film114 is represented by a nunbe tBQen blageq,
lines 5 116. Figures 2b-d show the progressive effect M I rim
€

cut 118 in the resistive film114, Wi th increasing g an
i ncreasingly greater affect on the length of the current path and
t herefore the resistance val ue of the resistor 110. Notably, the

tapered edges b2@ridnihdar AIGUE bP e thitR fm!r@Sistors by forfiing 4 timfcuelithehr ough
the resistive film 114, concentrating the current flow 10 near the slot

122 where the tredistiveiportiarsati an ¢dge thexeefcbetweanghe fereinal partions, Gadrimcut £ | ow
density remai ng apparent regardl ess of.the |ength of .the ¢ 118,
Fur t her nor e, ai’%‘%h@ﬂ_ﬁ? anqug’f/ aglgrﬂ)gtﬁtsg&xcw?ﬁ 5‘5&&6 '%ﬁ-l?ﬂgﬁf ﬂg&'FeCH&teﬂt of the
cut , 148 gﬁﬁl FhdStheeEdrk (RN fesREahEE Valf® ofdhe 2P leabthéhefl thidk fllnNRSistb2 S,
i ncl udi ng thos
6. A method as recited in claim 1, wherein the terminal
portions of at least one of the thick film resistors are formed to extend
substantially parallel to each other along the opposite edge portions of the

resistive portion.

7. A method as recited in claim 1, wherein the terminal
portions of at least one of the thick film resistors are formed to extend
substantially collinear to each other in a direction substantially transverse to

the opposite edge portions of the resistive portion.

8. A method as recited in claim 1 further comprising the step
of forming the terminal portions of at least one of the thick film resistors to
have opposing tapered edges that diverge relative to each other so as to affect
the length of the current path and the resistance value of the at least one thick

5 film resistor, the tapered edges promoting a linear relationship between the
length of the current path and the resistance value of the at least one thick film

resistor.

9. A method as recited in claim 1 further comprising the step
of forming the terminal portions of each of the thick film resistors to have
opposing tapered edges that diverge relative to each other so as to affect the
length of the current path and the resistance value of their corresponding thick

s  film resistor, the resistance value for a first of the thick film resistors differing
from the resistance value of a second of the thick film resistors as a result of

the terminal portions of the one thick film resistor having a different length

DRI TR | s s s mee
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-furthest fromthe cut 118. An advant ageous result arising fromthe-above--
15 not ed aspects can be seen in the change in resistapce of the resistor
110 relative to the length of the trimcut 118, Rpiest dlag BdenRéplagdae d
in Figure 3. As i s apparent, the resistance ratio g ,ﬁ f r
110 of this invention is significantly nore consis mgfor
the resistor 10 of the prior art. 18 Furt hernore, ure
3 shows that the ratio between resistance 20 and trimcut length for the
resistor 110 is roughly twice that for the prior art resistor 10 at
trimlengths ufoddthelspered’ iges fofihe térailAAPoetidrlsYof thd &HabAd &K film
shorter cuts 118 can be enployed to achi eve the sane change in resistance,
and the nore cmesistoant resistance-cut length ratio pronotes the precision
W th whi ch a desired resistance value is obtained. An inportant
advant age 25 resulting fromthis aspect of the invention is that the

resistor 110 of Figures 10 The Acidfiin® rdfiics Fordktlacoyt the et fegitéctnor 10 of

Figures la-d, and is therefore nore t ol erant’ of subsequent
processi ng. Coslsiag8ently, the resistor 110 is highly suitable as a
buried resistor of a nultilayer thick filmhybrid circuit, in which a

dielectric layer overlies the resistor 110. In this role, deposition and

firing 30 = of the overlyj ngpdhUERin r&idtéh G5 r&iEd T BlafRh0ShhERtn BB the

resi stance of the
thick film resistors are buried resistors of a multilayer thick film hybrid

circuit.

12. A method for forming a thick film resistor, the method
comprising the steps of: forming a resistive portion and a pair of conductors,
each of the conductors having a terminal portion, the terminal portions and
opposite edge portions of the resistive portion overlapping such that the

5  terminal portions establish a current path therebetween through the resistive
portion; and forming the terminal portions to have opposing tapered edges
that diverge relative to each other, the current path being established between
the tapered edges such that the tapered edges determine a length for the

current path and thereby affect a resistance value for the thick film resistor.

13. A method as recited in claim 12, wherein the terminal
portions are formed to extend substantially parallel to each other along the

opposite edge portions of the resistive portion.

14. A method as recited in claim 12, wherein the terminal
portions are formed to extend substantially collinear to each other in a
direction substantially transverse to the opposite edge portions of the resistive

portion.

15. A method as recited in claim 12, further comprising the




resistor 110 due to the enhanced stability of the resistor .configuration.of
this invention. In contrast, the resi stance value of the resistor 10

shown in Figures la-d could be expected to changen,ggggtﬁgsq;%g{ﬂ laceg
I e

during subsequent processing of a nultilayer circu
result that could not be 5 corrected by trinm ng due mm’ﬁ :" ﬁ[llE
the dielectric |ayer. 19 Yet another a

resi stor configuration shown in Figures 2a-d is that the power

handl i ng capability of the resistor remains rel atively constant and
may even incrgRBfIsrmilg albeeth in &le debiBtivd portiontht ﬂnlgdge thereof &kl €ases. For a
conventional resistor cut as shown in Figures |a-d, the 10 resistive
portion 14 nehbeweentlweterminal pertiod8 does not carry a significant anmount

of current; this area is effectively lost for the purpose of heat

di ssi pation, resulting In a decrease in power handling capacity for
the resistor 10. The fﬂﬁﬂﬁkEQH §§oﬁ§gnquZ & ih12 shown in
Fi gures 2a-d srgnrfrcant uce this eff si nce current flows

t hrough an i nclagasi2ngl y Iarger regron of 15 the resistive portion 114 as
the length of the trimcut 118 increases. As a resul t, power

resi stors equi pped with tapered conductors in accordance with this

i nvention can be nade srﬁl I.ﬁ{ tﬁﬂ:ﬂ ﬂf&rﬁs@@ﬁ%ﬁ%@é& FH;_&Q@%PQH&%{IFQJ 0

prior art resistors of the pe Sshown T n _ _
The above advgiitiogigs rBSiétOﬂlsVd Edhe!‘dh@smt@ﬁ bf & afuliaydri tHidk MY bRId circuit.

18. A method as recited in claim 12, further comprising the
step of trimming the thick film resistor by forming a trim cut in the resistive
pdrtion at an edge thereof between the terminal portions, the trim cut being
formed to have a length sufficient to increase the length of the current path

5 and therefore the resistance value of the thick film resistor, the tapered edges
of the terminal portions promoting a linear relationship between the length of

the breach and the resistance value of the thick film resistor.

19. A method as recited in claim 18 wherein the forming steps
entail forming a plurality of resistive portions and a corresponding plurality of
pairs of conductors to form a corresponding plurality of thick film resistors,
the resistive portions being formed from substantially identical resistive

5 materials to have approximately equal footprints, and wherein the trimming
step yields at least one of the thick film resistors having a different resistance
value than another of the thick film resistors as a result of the trim cut of the
at least one thick film resistor having a different length than the other thick

film resistor.

20. The thick film resistor formed by the method recited in

claim 18.

O -




.20 " . Figures 2a-d are largely attributable to the tapéréd edges 120 of the
conductors 112, the size of the conductors 112 and their or.i enﬁi on

relative to the resistive film114. Notably, t © °h 114
and a portion, herein referred to as a term nal ﬂ M
conductor 112 overlap each other, such that the of the

termnals 112a directly affect the currenp path 25 and therefore the
resi stance of the resistor 110. For illustrative purposes, the

terminals 112a are shown,in 'eQchESt‘Hglafegist?)? al Pé&?t?cli F}?na%iln?lﬁét ﬁhelfeﬂﬁlhte < more

conductors 112 that "overlie the resistive oug

convent i onal t lgikk Fil@ resistor isrEbur§sdi résistor bfra hidtitaper tlickefilohetpdeidt edrbuitf t er
formation of the conductors 112, such that the termnals 112a are
defined as those portions of the conductors 30 112 that lie beneath the
resistive film 114. 12

Wth reference to Figur e$24;ﬁ é‘?ﬁh%jba}s %%te(f]hinicllz}i{?s{zr vavp %re%nntlhg Igo?'xlnp%step
entails forming the terminal portions to have lengths in a direction along the
téi)ered edges so as to substantially achieve the resistance value for the thick

film resistor.

23. A method as recited in claim 22 wherein the thick film

resistor is a first thick film resistor and the forming steps entail forming a
second resistive portion and a second pair of conductors to form a second
thick film resistor, the second resistive portion being formed from a

5  substantially identical resistive material and to have an approximately equal
footprint as that of the first thick film resistor, the terminal portions of the
second thick film resistor being formed to have opposing tapered edges that
diverge relative to each other, the second thick film resistors having a
different resistance value than the first thick film resistors as a result of the

10 terminal portions of the second thick film resistor being longer than the

terminal portions of the first thick film resistor.

24. The thick film resistor formed by the method recited in

claim 22.

25. The thick film resistor as recited in claim 24, wherein the

thick film resistor is a buried resistor of a multilayer thick film hybrid circuit.

26. A thick film hybrid circuit comprising a resistor network
that comprises a pair of thick film resistors, each of the thick film resistors
comprising: a pair of conductors spaced apart on a substrate; and a resistive
portion overlying terminal portions of the pair of conductors, the resistive

5  portion characterized by a footprint, the terminal portions being disposed

WA [
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‘resi stors 210 according to a second enbodi ment of this inventi eny—-altering
only the size of the termnals 212a of the resistor's conductors 212 can
have a mar ked effect on the current path throudhisShet Ha BeaRiepled i | M
214, and therefore 5 the resistance value of the re ain,
the resistive portion 214 is shown as having a r H’ﬂpe,
wth a slot 218 fornmed to elimnate the 21 prior art requ for
initiating a trimcut (not shown) outside of the rectangul ar pattern
of the resistive film 214. The conductors 212 are shown as being
oriented col | i bemdath 6pposiid e@icWrtiods TUBE rdsiibive poMioH s 20 Be RRcAldaR) to 10
each other as depicted in Figures 2a-d. Finally, the termnals 212a are
shown t o intergenutictedghiough Ithenrgsistivé portion, the terotina postionsgstabbshipposi t e
edges of the resistive filmg21l4, such that the resistance val ues of
the resistors QfBrrSPtpatﬁtther ehvrendhopyeh e esistiys PorgePWﬁE‘HbﬁE’Rﬁ?THBP‘}F Hiffer.
A Figures 43 ansbuloe Yatel bt FRUAHK iinikbitiSh! ickeihf: tRprt bPrme O fFerent
conductor configurations to formotherw se’i entrcal 1 |s§ors, t he

materi al used tesistive pottioms rof shesthickefilid tesitord drevupptakitstelyheuabarel the

Nonet hel ess, . . the resistance value for the resistor 210 shown in

Fi gure 4a has BE&ive portions aEiqried {rom § sipglediepistivematsriple yebihghenningle- hal f

that of its co ' L Ok ' solely from
the differing F’Q‘tﬁg’t"ﬁ?f the fitst and sfﬁgﬁ&@éc%rrt?lﬁmafegﬁ?%g&fe% ch{n}héﬁg'ﬁ on with the

presence of theesigtgesivatuetofijiey it edgeflm resistords @reaft@ahdh the Residtolepr i nt - of
the resistive film?214 is identical for each resi stor 210, and

therefore i s nd¥glugof the seronst thick filgrresistorn t he different resi st ance
val ues obt ai ned. Figures 5a and 5b illustrate yet
anot her enbodi nent of this 25 i nvention, in which the size and shape of

the termnals 312a are nd] fA @fick flm hybrid circuit as recited in claim 26, wherein
each of the first and second thick film resistors further comprises a trim cut
between the terminal portions thereof and extending into the resistive portion
thereof from an edge thereof, the resistance value of the first thick film
5  resistor being increased relative to the resistance value of the second thick
film resistor as a result of the trim cut of the first thick film resistor being

longer than the trim cut of the second thick film resistor.

28. A thick film hybrid circuit as recited in claim 26, wherein
the terminal portions of each thick film resistor extend along the opposite
edges of their respective resistive portions, the resistance value of the first
thick film resistor being greater that the resistance value of the second thick

s  film resistor as a result of the terminal portions of the first thick film resistor

being shorter than the terminal portions of the second thick film resistor.

29. A thick film hybrid circuit as recited in claim 26, wherein
the pair of terminals of at least one of the thick film resistors has opposing
edges, the edges diverging from each other so as to increase a distance
between the edges and thereby affect the resistance value of the at least one

A

5  thick film resistor.
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affect the current path through a resistive film 314, and therefore the .
.resistance value through a thick filmresistor 310 forned by the resistive

film 314 and the termnals 312a. As with the enbodi b QLI 4a
and 4b, the resistive film314 is shown as havi ng%sgﬁg oS epi Rl a
pair of conductors 30 312 formng the termnals 312a aﬂ“ﬂ |‘WI ng
oriented collinear to each 22

13 ot her, though again they could be shown as being parallel to
each ot her. Not ably, the term nals 312a are not shown to have

opposi ng tapered edges, so as to elimnate the influence that
diverging termnals woul d have on the resi stance val ues of the

resistors 310. The resi s30 vA thick filmhwbrid girguin as regited in clpise 2nyhergin

footprint, th h notably. alt t ' 322.1h h whi ch
o k"SRR B bE B B ARG 9 -
Advant ageous| Ysubithistiadhyti@dtiticalNinIRepeldrdsizes for a wide trimmble range for

31. A thick film hybrid circuit as recited in claim 26, wherein
at least one of the thick film resistors has a breach formed at an edge of the

resistive portion between the terminal portions.

32. A thick film hybrid circuit as recited in claim 26, wherein
the terminal portions of at least one of the thick film resistors are formed to
extend substantially parallel to each other along the opposite edge portions of

the resistive portion.

33. A thick film hybrid circuit as recited in claim 26, wherein
the terminal portions of at least one of the thick film resistors are formed to
extend substantially collinear to each other in a direction substantially

transverse to the opposite edge portions of the resistive portion.

34. A thick film hybrid circuit as recited in claim 26, wherein
the thick film hybrid circuit is a multilayer circuit and the thick film resistors

are buried resistors.

L

s
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"the resistors 310. As with Figures 4a and 4b, the

_resistor enbodi nent of Figures 10 5a and 5b is intended to illustrate the
effect that different conductor configurations have on ot herw se
identical resistors, i.e., sane resistive film mat eri al and

footprint. Nonetheless, the resistance value of the resistor 310 of
Fi gure 5a has been experinmentally deteri#ned to be roughly six-tenths that

of its counterpart in Figure 5b, an effect derived solely fromthe
differing sizes 15 of their tqHIORSETMBIESISTOR the footprint of the
resistive film314 is the resistor 310, and therefore
is not a contrhgﬁﬁgng factor in the different resistance val ues

obt ai ned. ‘ According to the invention, generally
conventional processing t echni ques can be enployed to fabricate a

thick filmhybrid circuid thigkfilia resister configusasion andaimgshad fos fpyicating t hi ck
filmresistor %h%fe%l‘lﬁ'égigt%sg(rbggﬁg%}?glcrh%ggigt'ogsnc&n§g_p5'99e\§§&itfooa%ie&% ch as one or

nore of those shown i n Fi : hick film
nmaterials for thigeted@fdchiiday Eesistdnd®s. 2TRe LU idhIndhyethe 6fB&SAvention from
those comercially available. Prior to printing the resistive filns and

conduct ors, t Havglveerwsating thicknfilmoresistoab farsa gitven hybrid cis¢uitdiimahédhothe of t he 25
resistor filnms t.o be predi cated on optimzing the resist acking density

of { e GPTSar caBith Ttk BpRgaf Sreaf rosiit sabor o 308 BB a1 bl | shed by
the targeted essentiaﬂﬁﬁigssrahl\éepeﬁghéfﬁﬁsha bW Ehtbrfor diMRALLA) yet fna}' Qiffgr eseeabl e

that all resistors of iven resistor network wl'l" enploy resistive
films whose shapesistantedytaeratio of 20: ldommozs. ofilse wsistars ereschamctenitedpyi m zed to

pronote the depgity of the nefwork. 30 . For exanpl e, each of the
resistive fil dﬁéiffﬁ?eszﬂh%ﬁ%ﬁ?&cﬁbem%eaqh&gfp flgpggrﬁ) appropriate

modifications to their conductor configurations. As a result, a standardized

10 resistor size can be adopted for a given resistor network, thereby enabling
optimal resistor packing for the network since subsequent modifications in

resistor lengths and widths for resistor balancing need not be accommodated.

This Sheet Has Been Replaced
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14 110, 210 and 310 have a rectangutar footprint and may have the

~same overall si ze, tho h thelr speC|f|c shapes and conduct or
patterns mght differ. Mbst Sheet latdde present invention avoids the
conventional requirenent to uﬂu a uni que aspect ratio
(length/wi dth) for each indivi in 5 order to roughly obtain

the desired resistance value for each resistor after firing. As is
conventional, the resistance value of each thick filmresistor
required by the circuit may dictate the use of parti cul resistor ink

conposition to provide a SUItab| tial sheetfw‘ @2 110
The next step in con é?& tors is to dgrpL
conduct or conflgurat re acculately the shgpe 2 iz¢ of/ the
terminals of th qvl |ng whet hef 2Qr ot tHE iflal s shoul d
be f ormed t@~have péred opposi ng edges as\de
enbodi ment s of N |guqe$ 2a-d and 4a-b. The de
termnals with oppoqlng~ l i —
a.’ 12
14
g |1~ 10
==) N e
| |—+_\
162 1 ,"-16
b.( \——/12
C 12
__1\ 1\ ‘t
16‘~~-\\:1 10

L—14

-o- Resistor 110
—— Resistor 10

Fig.3.
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t apered edges may take into consideration the extent to which trimmng is
.15 anticipated in order to achieve an appropriate-resistor bal ance for

the circuit. Any suitable pri nt| rocess can then be enployed to
deposit the thick film rraterlals Beplaessin pri nti ng

techni que. The resistive filns are [' Hﬁ inted, dried and
fired after printing and firing the con such that t he
resistive filns overlay and adhere to the conductors and the 20 circuit's
substrate. After firing, conventional resistor

bal anci ng procedures may be followed to nore precisely attain the
resi stances required by the circuit. | nportantl y21t2'| nm ng of

resi stors configured accordin
nore readily2ii) vi ew of the

teé) this invention can be perforned
l'inear rePdtg onshig achieved 25  between
the change in{resi tri mcidtl dength, | ust r gtiezlg by Figure

3. Furthernore, the sIpts fornmedgAn the resiistilve i 1§ also facilitate the
trinmm ng operalion] since trim/cuts need not\be ini A ated outsli de of the
resistive film¥rea. ve, it can be
appreci ated that ajfsi is invention is {hat a
hybrid thick film¢gircuit

218

g

30 advijant age
aving thick ffilm

220 218

N

214

212/”'/"‘”l \\\2120 ”~€\\\211; ‘\\214
212 D.

220

Fig.4.

310 3124 310

\\ - %/;120 '/}14 :2{:////313 /

r__,_—————*—'J 322 _,__,_—————*‘J

322 — L
318 P

“---_§~‘j ‘---_‘-~] 318
312a I\ :K;\K\~312 \\‘314
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15 resistors conflgured I n accordance with this invention can
achi eve dense Thlsslestlﬂasmfen étdcédng t hr ough adopti on of {aj,
standard size and the resistive film of Y LP @ TREG
gi ven resistor net unlquely confi gur{ n§g T he-comduetoey s
of each resistor to approxwra y obta I n the desire eqirst | pe
for each resmg@@f the circuit. Aft r.ofi r| ng, tr anﬁfc%Fggy?
performed to | osely obtain the “desi red t ar get { .resistances—f
each resistor. Notably, a w de_range of resistances, gerg 'aIIy on thle
order of about 20:1, can be atmam i nk Conposi t1on Tor=—"
all resistors of a circuit, though it is within the scope of this invention
t hat 10 di Held efitherlas¢mionve i nks coul d be used. In sone circunstances, it
is foreseeabl e that thick filmresistors coul d be fabrjcated without
requiring a post-firindbe present; inyveRtion gepgrallnrelaas tacthick Gl eesistars j 5
anti ci pat ed tug in y%kﬁ@léck@ﬂ{ctél%ﬂ]? dN/ﬁ:EQ partlcularl?gﬁﬂmnv&tm&x{ feﬂ@sntg woul'd be

necessary to DFing~a resl erance range pernmtted by

a circuit as afl uhPﬁdﬂea thitk Gilth GekRdtyr Schifighiioh gy Whethldiffereaorgiseinos s for each
resi stor, as the reduced anount of trinmm ng necessary as a

result of 5t herahrregf@rremetgrsSﬁoamctbOf:tharsg@ﬂtr@ﬂ%m cqumgttwnrcamb@ readily achi eved

by th f , .
oY ol des- 5, nasUPIEL e FRMRELE rebfid SRR or M ROGRE L od BYBHT,
IﬁPLLSﬁL Ltng ldenucaltlhlsﬁkpefmidmlieem&mﬁtspaeiaagaehﬁfy Fadle Bsisesoaneed production

-\-v- >

.-4

increased.

10  Background of the Invention
Thick film resistors are employed in hybrid electronic circuits

to provide a wide range of resistor values, generally between about 0.1 W and
about 10 MW. Such resistors are printed on a ceramic substrate using thick
film pastes, or inks, which are typically composed of an organic vehicle, a

15  glass frit composition, an electrically conductive material, and various
additives used to favorably affect the final electrical properties of the resistor.
Thick film conductors are employed to terminate the resistors of a hybrid
circuit, and are typically formed prior to printing the resistor ink such that
portions of the resistor ink overlie portions of the conductors. After printing,

20 the resistor ink is dried and then sintered, or fired, to convert the ink into a
suitable resistive film that adheres to the ceramic substrate and the underlying
terminal portions of its conductors. After firing, part-L)-part variations in
resistance occur as a result of the difficulty in achieving consistent and
uniform film thicknesses during printing of the resistor ink. Therefore, thick

25 film resistors are typically printed to achieve a conservatively low resistance,
and then trimmed to increase their resistance values to that required by their
circuits. Trimming often entails using abrasive or laser techniques to form a
cut into the thick film resistor, thereby increasing the resistor’s effective

electrical length, resulting in a corresponding increase in electrical resistance.
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REPLACED J




20 repeatability, and reliability. Wil e our
I nvention has been described in terns of a preferred enbodi nent, it
i s apparent that other forns could be adopted by one skil} ' t he
art. For exanple, different materials and resistor confi ;’“ﬁlﬂﬂ?mg@?
used other than those noted and shown, and processing teghnigues”
processi ng orders other than those not coul d be enpl oyqd.} A cordiﬁaTy,
the scope of our invention is to be limted only by the fiolj o n@C&'I 097s.
REPLACEMENT SHEET _ :
CLAI B 1 THICK EHM REIISTQR: ng t hi &
t he nmet hod conprising the steps of: form ng each of
“

filmresistorAbstrachave

Efilmresistors,
' | ck

A thick film resistor configuration and a method for fabricating
thick film resistors, by which such resistors can be processed to achieve
targeted electrical resistances. The configuration and method of this invention
involve creating thick film resistors for a given hybrid circuit, in which the

5  resistors can be formed from the same resistor composition and have
essentially the same peripheral shape and exterior dimensions, yet may differ
in resistance by a ratio of 20:1 or more. The resistors are characterized by
differences in their resistances being achieved through appropriate
modifications to their conductor configurations. As a result, a standardized

10  resistor size can be adopted for a given resistor network, thereby enabling
optimal resistor packing for the network since subsequent modifications in

resistor lengths and widths for resistor balancing need not be accommodated.

Figure 1




a re5|st|ve portion and a pair of conductors, each of the co Log. ..
a termnal portion, the resistive portions of each of t @EHMGEMENWBHEET
fTTﬁﬁ"-~

resistors 5 havi ng approxi mately equal footprints and for
substantially identical resistive materials; and for e h gtgﬁzt? ’
filmresistors, formng the term nal portions and oppogi tp edg h
portions of the resistive portion to overllap such that jt hé Termnsd ‘
portions establish a current path therebetween through the resistive
portion, the term nal portions being sized and shaped to 10 determne =
| engt h for the current path and thereby affect lal Zesi st ancgoval ue for
the thick filmresistar the restsiiance value for|a f|r ? theﬁmck film
resistors differing Tromn Ine nesi stahQe val ue of a\spetn :’e/hlck film
K11 m
rtions of

resistors as a resulg hé fer portion f thg

resistor d ife JDL-ﬁ zémgggﬂ shape frﬁ%& he{rsT-

t he second thick fI\T ? Il‘eslstor; further conpPrJ+ step of formng
the term nal portions i\t 1 —1lagast one of the {HHek—iA0n [ esi-$tiars to
have opposi ng japer *dledqesH hat di vergt2ael afiywve to each other so as
to affect the 2 path and 'hie resi staphce val ue of
the at | east one thick filmresistor, thetaper@g pronoting a
l'inear relationship betvveen ;J:lesl\q th of the current patf?and the 20
resi stance val ue —ofytire ml hst o% thick fil lBesj st ot 12 116r

2. A nmethod as tecite
g‘n‘:’ﬂebﬁst;r!S/(o have
ehipter so to affect

rther conpris

lia] m
formng the ter al ortlors‘ of eat@ of the 52
d

opposi ng tapered e thq1+ rge relative
t he | engt hi gk|t he jcyr et gpat h and the. {?gl val ue| of their
correspondi ng ,t hi ck[~ L’ /1 14

ok ‘ 12

12
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5 filn1resistor,

the resistance value for a first of the thick film

fromthe resistance value of a segee

resistors differing
the term na

thick filmresistors as a result of

el £
UTTu Ul

o Y
U TIC

por t} GEELAEEMENT GHEET |

thick filmresistor having a different |ength

17 al ong the tapered edges fromthe term nal portionsjo ﬁ

thick film resistor. 2 3. The thick fi|m'resistors
formed by the nmethod recited in claim1. T TNe
thick filmresistors as recited in claim3, wherein the thick film

resistors are buried resistors of a nmultilayer thick filmhybrid
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circuit. 5. Anmethod for formng a thick film
resistor, the nethod conprising the steps of: formng a resistive
portion and a pair of conductors, each of the conductors_having a

terminal portion, the terminal portions and opposi te eddeppsyid
the resistive portion overl apping such that the 5 term nal Pﬂtédrﬁ@ToéHEET

establish a current path therebetween thr,qugh the resistivef portion;
and formng the termnal portions to have "opposi ng tapered ¢d e@@ mﬁwhﬁgg
diverge relative to each other, the current path being estapliished petween
t he tapered edass ﬁugh that the tapered edges deternmne a |egngth for the
current path a eby affect a resistance value for the Hhek-film

resistor. 6. A method as recited in claimb, wherein
t he term nal portions are forned to extend substantially parallel to
each other along the lopaaséthed fordernmiag thick Silmfredifiors; dri methué porti on.
7. A nethod as recited in claim5, wherein the term nal portions are

formed to exterR@mpEisEEAhe FapY 9f: cformingeeach ofa pais of Hiieke film sesistors todmyect i on
substantially tfansxer sewhe a}u?gpgﬂ-p? 2hidhcklY %al bF ANl ctdiGal i3!St Ve

porti on.
terminal portion, the resistive portions of each of the thick film resistors

5 having approximately equal footprints and formed from substantially identical
resistive materials; and for each of the thick film resistors, forming the
terminal portions and opposite edge portions of the resistive portion to overlap .
such that the terminal portions establish a current path therebetween through
the resistive portion, the terminal portions being sized and shaped to

10  determine a length for the current path and thereby affect a resistance value
for the thick film resistor, the resistance value for a first of the thick film
resistors differing from the resistance value of a second of the thick film
resistors as a result of the terminal portions of the one thick film resistor
differing in size and shape from the terminal portions of the second thick film

15  resistor; further comprising the step of forming the terminal portions of at
least one of the thick film resistors to have opposing tapered edges that
diverge relative to each other so as to affect the length of the current path and
the resistance value of the at least one thick film resistor, the tapered edges
promoting a linear relationship between the length of the current path and the

20 resistance value of the at least one thick film resistor.

2. A method as recited in claim 1 further comprising the step
of forming the terminal portions of each of the thick film resistors to have
opposing tapered edges that diverge relative to each other so as to affect the
length of the current path and the resistance value of their corresponding thick

5 film resistor, the resistance value for a first of the thick film resistors dlffermg
from the resistance value of a second of the thick film resistors as a result of

- -the terminal portions of the one thick film resistor having a dlfferent length

1] ) IIIIl |II|I \I I|II



8. Anethod as recited in claim5b, further conprising the step
18 of formng a breach in the resistive portion at an _edge thereof

and between the term nal portions. REFQLAC-EWEWEﬁEET

filmresistor forned by the nethod recited in cl aim§j
10.. The thick filmresistor as recited in claim9, whereinithe thi ck

filmresistor
circuit.

| @ ByNBY 998

Is a buried resistor of a rwltilayer t hi ckif

along the tapered edges from the terminal portions of the second thick film

resistor.

3. The thick film resistors formed by the method recited in

claim 1.’

4. The thick film resistors as recited in claim 3, wherein the
thick film resistors are buried resistors of a multilayer thick film hybrid

circuit.

5. A method for forming a thick film resistor, the method
comprising the steps of: forming a resistive portion and a pair of conductors,
each of the conductors having a terminal portion, the terminal portions and
opposite edge portions of the resistive portion overlapping such that the
terminal portions establish a current path therebetween through the resistive
portion; and forming the terminal portions to have opposing tapered edges
that diverge relative to each other, the current path being established between
the tapered edges such that the tapered edges determine a length for the
current path and thereby affect a résistance value for the thick film resistor.

6. A method as recited in claim 5, wherein the terminal
portions are formed to extend substantially parallel to each other along the

opposite edge portions of the resistive portion.

7. A method as recited in claim 5, wherein the terminal
portions are formed to extend substantially collinear to each other in a
direction substantially transverse to the opposite edge portions of the resistive

portion.

8. A method as recited in claim 5, further comprising the step

TS




11. A method as recited in claim5, further conprising the > step of
trimmng the thick filmresistor by formng a trim cut |n Te TesrstHve
portion at.an edge thereof between the term nal portions, #@WEWNMSHEET
bei ng formed to have a length sufficient to increase F IengLn of—th
current path 5 and therefore the resistance value of th r{?
resistor, the tapered edges of the t m nal portions grom)tl ng a E?Sne
rel ati onshi p between the | ength of breach and the; resi stance vat
of the thick filmresistor. 12. AmaLhod as recited in
claim 11 V\/nerelntheformng st eps entail formng fpIurallty of

resi stive port ioffiermingla yreach iretheoesistivg portiomati anyedge thereo paadrhetweendbdiduct or s
to forma Corr?}'ﬁgﬂiﬂm lurality of thick filmresistors, t he
resistive porti EE;‘P ormed from substantially identi cal resistive 5
materials to have approxi mately equal footprints, and wherein the trinmm ng
step yields at least one of the thick filmresistors having a different

resi stance val ue t ha®9. dftwet thizk fiifn tebistor fiormiedfbyl tire mesthaxt recitediin a resul t

of the trimcut of ihe at least one thick filmresistor having a

di fferent Iengtci?' n the other thick filmresistor.

13. The thick filmresistor fornmed by the nethod recited in claim1 1.

ar

10. The thick film resistor as recited in claim 9, wherein the

thick film resistor is a buried resistor of a multilayer thick film hybrid circuit.

11. A method as recited in claim 5, further comprising the step
of trimming the thick film resistor by forming a trim cut in the resistive
portion at an edge thereof between the terminal portions, the trim cut being
formed to have a length sufficient to increase the length of the current path

5 and therefore the resistance value of the thick film resistor, the tapered edges
of the terminal portions promoting a linear relationship between the length of
the breach and the resistance value of the thick film resistor.

— 12. A method as recited in claim 11 wherein the forming steps
entail forming a plurality of resistive portions and a corresponding plurality of
pairs of conductors to form a corresponding plurality of thick film resistors,
the resistive portions being formed from substantially identical resistive

5  materials to have approximately equal footprints, and wherein the trimming
step yields at least one of the thick film resistors having a different resistance
value than another of the thick film resistors as a result of the trim cut of the
at least one thick film resistor having a different length than the other thick
film resistor.

13. The thick film resistor formed by the method recited in

claim 11..

* [ L M s *




19 14. The thick filmresistor as regited in claim

13, wherein the thick filmresistor is a buried resisto

mul ti | ayer. t.hiek filmhybrid circuit. RE%EA%MUEHThgﬂEET '
as recited in claim5 wherein the formng step entail g fordn the
termnal portions to have lengths in a direction along the ﬂa%@ﬁfefﬁ%
edges so as to substantially achieve t resi stance val ue florbthe-thick __ |
filmresistor. . A nethod as recifed in claim 15
wherein the thick film resistor is a first thick filft t
the formng steps ent ai | lﬂorThengiCbiﬁlmreSlstse@-‘bmltﬁ‘bmSlﬂimré3p‘6h02ﬂel§hthand a

' rm.a
second pair of Q% Ctrgsrxsstoxt Ba bunngd Tesistor op a multilayer thick film hybrid circuit.

15. A method as recited in claim 5 wherein the forming step
entails forming the terminal portions to have lengths in a direction along the
tapered edges so as to substantially achieve the resistance value for the thick

film resistor.

16. A method as recited in claim 15 wherein the thick film

resistor is a first thick film resistor and the forming steps entail forming a
second resistive portion and a second pair of conductors to form a second
thick film resistor, the second resistive portion being formed from a

5 substantially identical resistive material and to have an approximately equal
footprint as that of the first thick film resistor, the terminal portions of the
second thick film resistor being formed to have opposing tapered edges that
diverge relative to each other, the second thick film resistors having a
different resistance value than the first thick film resistors as a result of the

10 terminal portions of the second thick film resistor being longer than the

terminal portions of the first thick film resistor.

17. The thick film resistor formed by the method recited in

claim 15. . -

18. The thick film resistor as recited in claim 17, wherein the

thick film resistor is a buried resistor of a multilayer thick film hybrid circuit.

T




thick filmresistor, the second resistive portion being forned froma 5
substantially identical resistive material and to have an approxi mately

equal footprint as that of the first thick film.resistor, the
term nal portions of the second thick filmresistor_heing-+o+
have opposi ng tapered edges that diverge relative qqgeaAbEMEN’ErSH
second thick filmresistors having a di fferent res|stanrece—vaue [h?

e

the first thick filmresistors as a résult of the 10 e mn@l g9rapn
of the second thick filmresistor being |onger than the i'%m nal
portions of the first thick flmkﬁm I7. The
thick filmresistor forned by I n cIa|m15. ‘
18. The thick filmresistor as recited in claim17, wherée+the t hi ck

fil mresi st oFicldsofsthbiInventionesi stor of a nultilayer thick filmhybrid
circuit.

The present invention generally relates to thick film resistors
used in hybrid electronic circuits. More particularly, this invention relates to
an improved thick film resistor configuration, by which different resistance

5  values for resistors formed of the same resistor composition can be readily
achieved while forming the resistive portions of the resistors to be essentially
identical in shape and size, such that packing density of the resistors can be

increased.

10  Background of the Invention
Thick film resistors are employed in hybrid electronic circuits
to provide a wide range of resistor values, generally between about 0.1 W and
about 10 MW. Such resistors are printed on a ceramic substrate using thick
film pastes, or inks, which are typically composed of an organic vehicle, a . |
15  glass frit composition, an electrically conductive material, and various
additives used to favorably affect the final electrical properties of the resistor.
Thick film conductors are employed to terminate the resistors of a hybrid
circuit, and are typically formed prior to printing the resistor ink such that
portions of the resistor ink overlie portions of the conductors. After printing,
20 the resistor ink is dried and then sintered, or fired, to convert the ink into a
suitable resistive film that adheres to the ceramic substrate and the underlying
terminal portions of its conductors. After firing, part-to-part variations in
resistance occur as a result of the difficulty in achieving consistent and
uniform film thicknesses during printing of the resistor ink. Therefore, thick
25  film resistors are typically printed to achieve a conservatively low resistance,
* and then trimmed to increase their resistance values to that required by their
circuits. Trimming often entails using abrasive or laser techniques to form a
cut into the thick film resistor, thereby increasing the resistor’s effective

electrical length, resulting in a corresponding increase in electrical resistance.



