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[57] ABSTRACT

A laminated resistor structure for low ohmic valued, high
frequency and high power applications and a method for
fabricating such a resistor structure. In the disclosed method,
part of the resistive layer is removed from the laminated struc-
ture to form a plural branch pattern having a pair of spaced
apart portions and a plurality of spaced apart elongated strips
extending between the portions. The resistive layer pattern
forms a parallel electrical connection of the resistive strips to
provide not only low ohmic value but also a relatively large
area of the laminated structure for power dissipation. By form-
ing the resistive strips with straight line geometries, the in-
ductance is minimal, thereby providing a high frequency capa-
bility.
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1
RESISTOR STRUCTURE

BACKGROUND OF THE INVENTION

This invention relates to new and improved electrical re-
sistors and to a method for making such resistors, In particu-
lar, the resistors of the present invention have low ohmic
value, low inductance, and a capability of dissipating con-
siderable power. A typical application for resistors of this type
includes the sensing of relatively large current such as occur,
for example, in the deflection circuits of cathode ray tubes.

Electrical resistors are known which have low ohmic value
(on the order of a fraction of an ohm to a few ohms or so) and
relatively low inductance. However, such known resistors
have generally been incapable of dissipating considerable
power (for example, 20 watts) in that the heat dissipated by
the resistor element could not be rapidly transferred to a suita-
ble heat sink. The lack of rapid heat transfer has been due to
inadequate design of the resistor housing structure both as to
geometry and as to rapid transfer of the heat dissipated by the
resistor. Known resistors which are capable of dissipating high
power have had either too high an ohmic value or too high an
inductance for high frequency current sensing applications.

BRIEF SUMMARY OF THE INVENTION

An object of the invention is to provide a new and improved
resistor structure which has low ohmic value, low inductance
and a capability for high power dissipation.

Another object is to provide a new and improved method of
fabricating resistors having low ohmic value, low inductance
and a capability for high power dissipation.

Resistor structures embodying the invention are in the form
of a sandwich type structure which includes a carrier body of
relatively high thermal conductivity and a layer of resistive
material disposed on one surface of the carrier body in a plural
branch pattern. The pattern has a pair of spaced apart por-
tions; a plurality of elongated strips or branches extends
between the portions to provide a parallel electrical connec-
tion of the resistive strips. First and second electrical conduc-
tive members, for example, terminals are provided in electri-
cal contact with different ones of the spaced apart portions.

In a preferred embodiment of the invention, the carrier
body includes a layer of high thermal conductivity material
and a layer of insulation overlying at least a portion of one sur-
face of the metallic layer. The plural branch resistive pattern is
then disposed on the insulating layer.

The parallel connection of the resistive strips and the
spaced apart topology of the strips cooperate to provide both
low ohmic value and high power dissipation. Preferably, the
resistive strip geometry is that of a straight conductor in order
to provide a low inductance.

In the method embodiment of the invention, a laminated
structure having an insulating layer sandwiched between a
metallic plate and a resistive foil is first produced. Then a part
of the foil layer is removed to form a plural branch foil pattern
having a pair of spaced apart portions and a plurality of spaced
apart elongated strips extending between the portions.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings like reference characters
denote like structural elements, and:

FIG. 1is a cross sectional view of a laminated resistor struc-
ture at an early stage of fabrication;

FIG. 2 is a plan view of a resistor structure at a further stage.
of fabrication showing a plural branch resistive pattern em-
bodying the invention;

FIGS. 3A and 3B are cross sectional views of the resistor
structure at still further stages of fabrication, the cross section
being taken along the line 33 in FIG. 2

FIG. 4 is a plan view of a completed resistive structure em-
bodying the invention; and

FIG. 5 is a cross section view
FIG. 4.

taken along the line 5—5 of
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2
DESCRIPTION OF PREFERRED EMBODIMENTS

Although resistive structures embodying the invention can
be fabricated by any suitable process, they are preferably
fabricated in accordance with a method embodiment of the
present invention which employs a laminating process.
Laminating processes are well-known and reference is made
to U.S. Pat. No. 3,374,129, issued to Gerald Boucher, for a
brief description of one such laminating process. Referring
first to FIG. 1, the starting materials consist of a resistive layer
11 and insulating layer 13 and metallic plate 12. In the first
step, the starting materials are laminated to form a sandwich
type structure in which the insulating layer 13 is sandwiched
between the metallic plate 12 and the resistive layer 11. The
insulating layer 13 and metallic plate 12 can be considered as
a carrier body for the resistive layer 11.

The resistive layer 11 may be any suitable resistive alloy
which has a relatively high resistivity and a relatively low ther-
mal coefficient (i.e. the resistance does not change signifi-
cantly with change in temperature). For example, the resistive
layer 11 may suitably be a 1 mil thick foil of a copper and
nickel alloy, such as Constantan. The metallic plate 12 may be
any suitable high thermal conductive material, for example
brass. The insulating layer 13 is preferably a sheet of €poxy
glass. Epoxy glass is a transparent material and is so illustrated
in the various views in the drawing. In order to enhance the
rapid transfer of heat dissipated by the resistive layer 11 in
response to current flow therethrough, the epoxy layer 13 is
made relatively thin on the order of 0.004 inch. The brass
plate 12 may suitably have a thickness on the order of 0.062
inch.

In the next step, the resistive foil 11 is formed into a plural
branch topology in order to provide low ohmic value, low in-
ductance and a high power dissipating capability. The plural
branch topology is shown in the plan view of FIG. 2 to consist
of a pair of spaced apart portions 15 and 16 with a plurality of
elongated strips 17 in spaced apart parallel relation extending
between portions 15 and 16. It is to be understood that the
number of strips employed is a matter of design for a particu-
lar application and that only three strips have been shown for
ease of illustration.

The plural branch foil topology is formed according to any
suitable technique for forming patterns on a metallic surface.
One such technique is described in some detail in the above-
identified Boucher patent. Briefly, the technique there
described is as follows. A photosensitive coating is first ap-
plied to the free (upper) surface of the foil 11. A film mask of
the plural branch pattern is then aligned with the coated foil
surface and exposed to produce on the photosensitive coating
an irage of the plural branch pattern. After the image has
been developed, the unrequired portions of the photosensitive
material are removed, as by rinsing. Those portions of the foil
surface not coated by the developed pattern of photosensitive
material are then etched away in a suitable etching bath. The
developed pattern of photosensitive material is then removed
such that the foil layer 11 now consists only of the plural
branch pattern of spaced apart portions 15 and 16 and strips
17 as shown in the plan view of FIG, 2.

In the next step, a protective insulating layer 22, which may
also be epoxy, is laminated to the patterned foil surface 11 to
form the sandwich structure shown inFIG. 3A. The protective
layer 22 covers enough of the foil containing surface of the
structure to protect the resistive strips 17. However, the layer
21 does not cover all of the spaced apart portions 15 and 16,

Referring now to FIG. 3B, the plural branch foil pattern is
adapted to receive electrical current by attaching (as by sol-
dering) a pair of electrically conductive members illustrated
as terminals 18 and 19 to the spaced apart portions 15 and 16,
respectively. The resistor structure so formed is shown in the
plan view of FIG. 4 and the sectional view of FIG. 5 as at-
tached to a heat sink means, illustrated as a relatively thick
plate 14 of suitable material, such as metal. To this end,
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screws 20 are shown to extend through the laminated resistor
structure and into the heat sink plate 14. Also shown in FIGS.
4 and § are insulated screws 21 which extend through ter-
minals 18 and 19 to facilitate the connection of electrical
leads thereto. It is to be understood that the heat sink 14 may
take other suitable forms. For example, the heat sink 14 could
employ a cooling fluid, such as water or oil.

A desired low ohmic value is achieved by virtue of the paral-
lel electrical connection of the strips 17 and by selecting ap-
propriate lengths and widths for the resistive strips. Although
it is unnecessary to provide equal lengths and widths (i.c.,
equal resistance values) for the strips 17, it is convenient to do
so since the circuit equation for the ohmic value calculation is
simplified. As illustrated, the resistive strips have a straight
line geometry such that the inductance of each strip is essen-
tially that of a straight line conductor. In addition, the elon-
gated strips are arranged parallel to one another such that
there is magnetic field cancellation between adjacent strips in
the plane of the strips such that the total inductance of the re-
sistor structure is further reduced.

The topological arrangement of parallel spaced apart re-
sistive strips 17 results in a division of the total power dissipa-
tion among the several strips. As compared to an equivalent
valued resistor of a single solid sheet of resistive material, the
total area of the carrier body (insulating layer 13 and metallic
plate 12) which is effective to transfer heat is increased by an
amount equal to the spaces between the strips 17. In addition,
the thinness of the epoxy layer 13 and the high thermal con-
ductivity of the brass plate 12 enable a rapid transfer of the
heat dissipated by the resistive strips 17 to the heat sink 14.

There has been described a low ohmic value, low in-
ductance and high power resistive structure embodying the in-
vention and a method, also embodying the invention, for
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4

fabricating such resistive structures. One resistor structure ac-

tually constructed in accordance with the invention, has an

ohmic value of 0.2 ohm = 5 percent, a power dissipation of 20

watts and a frequency response in excess of 20 megacycles,

This resistor employed six strips of length 1.3 inches and width

0.035 inch. It is to be understood that other resistor structures

of different ohmic value, power capability and frequency

response can also be constructed in accordance with the in-
vention.

What is claimed is:

1. The combination comprising;

a layer of resistive material disposed on a carrier body in a
plural branch pattern having a pair of spaced apart por-
tions and a plurality of separate branch strips spaced
apart from one another and extending between the por-
tions so as to form separate resistive elements electrically
connected across one another; N

first and second electrically conductive members in electri-
cal contact with different ones of the spaced apart por-
tions; and

said carrier body including a high thermal conductivity
metallic plate and a relatively thin layer of insulating
material, the insulating layer being disposed between the
metallic plate and the resistive layer in a sandwich type
structure.

2. The invention as set forth in claim 1 wherein the elon-

gated strips have straight line geometries and are disposed

parallel to one another.

3. The invention as set forth in claim 2 wherein a further
layer insulating material overlies the resistive foil pattern in a
protective relationship. '

* # * * *



