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Electronic apparatus employing components generat-
ing substantial amounts of heat to be dissipated, and
particularly solid state components, is in the form of a
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subassembly that includes a heat sink comprised of a
plate or block of metal having a high coefficient of heat
conductivity, such as aluminum, to which one or more
solid state components may be secured and which also
mounts heat radiating fins. The subassembly is slidably
supportable in a holder by means of ribs on the inner
surfaces of the walls of the holder cooperating with
notches in the sides of the heat sink plate, and the
holder may be made of dielectric material to electri-
cally isolate the heat sink from an apparatus housing
and from other heat sink plates when two or more heat
sinks are supported in a holder. A circuit board carry-
ing circuitry associated with the solid state components
may be secured directly to one or more of the heat sink
subassemblies.

An alternate form of the present invention utilizes an
extruded, thermally conductive heat radiator in ther-
mal communication with a heat sink formed as a plate
or block of metal having a high coefficient of heat
conductivity. The heat sink plate is utilized for absorb-
ing heat produced by electronic components mounted
directly thereon and additionally is used to support a
printed circuit board for carrying electronic compo-
nents which do not require special heat dissipating
radiators. This entire subassembly is mounted in an
electronic chassis including a fan which directs a flow
of air over the extruded heat radiator as well as the
remaining electronic components mounted on the
printed circuit board. The extruded heat radiator in-
cludes a flat base element and a plurality of radiating
ribs extending normal to the flat base element. This flat
base element provides an enlarged cross-sectional area
for transfer of heat from the heat sink into the extruded
radiator and mayj, in an alternate embodiment, provide
a direct mounting base for semiconductor devices.

10 Claims, 17 Drawing Figures
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ELECTRONIC COOLING CHASSIS
RELATED APPLICATION

This application is a continuation-in-part of copend-
ing application Ser. No. 544,333, filed Jan. 27, 1975
entitled ELECTRONIC COOLING CHASSIS.

BACKGROUND OF THE INVENTION

The art of solid state devices has produced diodes,
rectifiers and transistors of ever increasing current
carrying capacities. The problem generally is to pro-
vide for the conductance of heat away from the solid
state device at a sufficiently rapid rate to prevent the
impairment or destruction of the device by heat, with-
out the production of undesirable side effects, such as,
for example, the transference of electromagnetic radia-
tions to unwanted places. Many of the solid state de-
vices of high current carrying capacity are enclosed in
a metallic shell or housing including a mounting flange,
this housing being connected electrically to one of the
terminals of the solid device itself, so that this case or
shell becomes a part of the circuitry in which the solid
state device is operated. Accordingly, if radio. frequen-
cies are present in the circuitry or find their way into
the circuitry they will appear at the housing or shell
encasing the solid state device.

Most solutions of the heat dissipation problem have
involved the mounting of the solid state devices on
metal bodies called heat sinks which in many instances
are a part of or are secured directly and individually to
the chassis mounting the electronic apparatus of which
the solid state device is a component, the chassis being
provided with fins exposed exteriorly of the chassis and
its enclosing cabinet, for dissipating the heat. In some
instances, the solid state device have been mounted on
the outside of the chassis and cabinet combination, in
order to associate them with the heat radiating fins. In
the case of solid state devices having the metallic en-
closing shell as a part of the circuitry, it becomes gener-
ally necessary to provide an insulating wafer between
the shell of the solid state device and its heat sink, in
order to prevent electrical conductivity between the
solid state device and the mounting support. However,
when radio frequency currents are present, they may
pass from the shell of the solid state device to the
mounting body through a non-metallic, capacitative
coupling into unwanted places. Also, the inclusion of
an insulating wafer or sheet between the shell of the
solid state device and the heat sink body eliminates a
metal-to-metal contact, whereas a metal-to-metal
lclontact is desirable for the effective transference of

cat.

Typical approaches to the solution of these problems
are the disclosures of Trunk U.S. Pat. No. 3,261,396
granted July 19, 1966, Schneider U.S. Pat. No.
3,344,315 granted Sept. 26, 1967 and Reimer U.S. Pat.
No. 3,780,798, granted Dec. 25, 1973. The Trunk
patent shows a solid state device of the type having a
combined enclosure shell and mounting flange which is
.secur.ed in metal-to-metal contact with a plate of bare
aluminum, to which are attached fins for radiating heat
genergted in the solid state device. The bare aluminum
plate is secured to a metallic bracket, described as
fgrmed of aluminum with its surfaces anodized to pro-
vide a nonconductive film on which the heat sink body
of aluminum is supported. The bracket is provided with
punched ears for securing it on a chassis by means of
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fasteners such as screws. The Trunk patent contains no
mention of the problem of suppressing radio frequency
radiations but it will be apparent that there is a strong
possibility of capacitive coupling of the heat sink plate
to the mounting bracket through the thin layer of insu-
lation provided by anodizing the bracket, and with the
bracket provided with ears to rest upon a chassis and be
secured thereto by screws there is a strong possibility of
the transfer of such radiations to the mounting chassis
and thence to a metallic enclosure for the chassis, ei-
ther capacitively, or by direct metallic conductivity due
to scratching of the thin insulating film on the bracket
by careless use of tools.

As will be set forth more fully hereinafter, applicant’s
concept involves the mounting of solid state devices,
whether diode, rectifier, or transistor, upon and with
their enclosing metal shells directly in metallic contact
with a heat sink body, and the provision of nonconduc-
tive supports for the heat sinks so arranged that the
possibility of radiating electromagnetic energy into
unwanted places, such as, primarily, a metallic cabinet
enclosing the electronic apparatus, is negligible. The
universality of applicant’s concept to the different
types of solid state devices as named in the preceding
sentence contrasts importantly with the disclosure of
the hereinbefore identified Schieider patent which
discloses an arrangement for stacking, with intervening
insulating elements, heat sink members in which diodes
having threaded mounting studs are motinted, the heat
sinks being surmounted by heat radiating fin structure.
These heat sink members which have a configuration to
accept only one type of semiconductor are stacked in a
cabinet comprising an assemblage of a number of com-
ponents including angle irons, sheet metal plates and
tie rods. Applicant’s concept includes the stacking of
heat sinks provided with heat radiating fins but those
heat sinks are adapted to mount any type of solid state
device whereas those of Schneider are not. The signifi-
cant differences between applicant’s concept and those
of Trunk and Schneider will become apparent from the
following summary and detailed description of appli-
cant’s invention.

In addition, prior art devices do not provide efficient
thermal conduction from semiconductor devices to
heat radiating elements while still providing for the
direct mounting of heat sink elements onto printed
circuit boards. Thus, even with the use of insulating
members between semiconductor devices and the heat
sink of the present invention, the various embodiments
of this invention provide direct mounting of the printed
circuit board onto the heat sink block while still assur-
ing adequate thermal flow from the semiconductor
devices into the heat sink block and radiating member.

The requirement of most prior art devices that semi-
conductor devices requiring special heat sinks be sepa-
rately mounted greatly increases the cost of assembly
of electronic hardware. Thus, the prior art shows no
overall assembly of printed circuit boards attached to
inexpensive heat sink elements providing efficient ther-
mal conductivity for heat generating electronic ele-
ments which may be easily mounted into a chassis for
fan force air circulation over both the printed circuit
board and the heat producing elements. Thus, although
Reimer attaches a heat sink to a wiring card, his appa-
ratus must rely upon convection air currents to dissi-
pate the heat. Also, the fin arrangement provided by
Reimer is expensive to manufacture and moreover does
not provide a short heat conduction path between the
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heat susceptible components and the heat dissipating
fins. In addition, the air passages provided by Reimer’s
fins are not exposed either to the heat susceptible com-
ponents or the other electrical components attached to
the wiring card. The prior art in general provides effi-
cient cooling of semiconductor devices only at the
expense of making the overall assembly of the elec-
tronic devices complex, expensive and time consuming
and has not solved the problem of incorporating to-
gether the printed circuit board and efficient heat radi-
ating elements to provide an inexpensive, efficient as-
sembly for electronic hardware such as power supply
units, switching units and power convertor units which
must be designed to handle high electric currents while
still providing sensitive control elements which do not
handle large currents and are therefore not subjected
to heat dissipation problems.

SUMMARY OF THE INVENTION

The heat sink of applicant’s invention is a relatively
thick plate of metal having a high coefficient of con-
ductivity, such as aluminum, provided on each of two
of its edges with a groove or notch. A portion of the
heat sink plate is drilled or punched to provide mount-
ing holes for solid state devices and clearance holes for
terminal pins to extend through the heat sink plate and
out the opposite side. This portion may be considered
as one of two principal areas of the heat sink block, and
the other principal area mounts heat radiating fins. A
line from one to the other of the two notches or grooves
at opposite sides of the heat sink plate may be consid-
ered as delineating these two principal areas.

In one embodiment of applicant’s invention, a holder
is provided for supporting the heat sink plates in elec-
trical insulation relative to one another and to other
electrical components of an electronic apparatus. This
holder has preferably a unitary structure and comprises
a'base and an integral pair of parallel walls each of
which carries on the surface confronting the other wall
a rib generally matching in cross-sectional configura-
tion that of the notches or grooves in the heat sink
plate.

In utilization, the holder for the heat sink plates is
mounted on the bottom of an electronic apparatus
housing or on a chassis in the housing preferably adja-
cent to a wall which has an opening through which a
ventilating fan mounted on the outside of the wall of
the housing may force cooling air for the heat sink
plates. One or more heat sink plates with solid state
devices mounted in the areas allotted to them and with
heat dissipation fins mounted in the areas allotted to
them may be lowered into place between the upstand-
ing walls of the holder and with the notches or grooves
in the heat sink plates fitted on the ribs. The ribs in
cooperation with the notches or grooves retain the heat
sink plates in the holder and inhibit movement of those
plates in any direction except a vertical path.

. The base and integral walls of the holder for the heat
sink plates are advantageously formed of dielectric
. material, such as, for example, any of the resinous
plastics. When more than one heat sink plate is to be
contained in a holder, dielectric spacers such as blocks
may be employed to separate and insulate the heat sink
plates from one another. The spacers are preferably
.confined to that side of the grooves of the pair of walls
where the heat radiating fins are located, to leave the
" remainder of each of the heat sink plates, where the
solid state devices are located, free of any objects that
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might interfere with those components or connections
to them, above or below the faces of the heat sink
plates. The spacer blocks may be imperforate, to direct
the flow of air between the fan and the interior of the
cabinet along and in contact with the heat radiating
fins, or they may be provided with apertures to permit
the passage of air through the space between stacked
fin structures, even to the extent of being open thin-
walled frames. These choices would be dependent
upon the necessity for cooling other components in the
electronic apparatus cabinet than the fins associated
with the heat sink plates. 4

With the surfaces of the portion of the heat sink plate
that carries the solid state devices exposed and readily
accessible, because the spacers may be dimensioned to
contact only the heat radiating fin structures, printed
circuit boards containing circuitry and other electronic
components may be attached directly to the heat sink
plates, with any terminals of the solid state devices that
protrude from the lower surface of a heat sink plates
brought into conductive contact with the appropriate
printed circuit paths on the circuit board.

From the foregoing it will be apparent that this em-
bodiment of the invention comprises very simple, mod-
ular components for incorporation into electronic ap-
paratus that by virtue of the simplicity and universal
adaptability of those components are significantly com-
pact and inexpensive as compared with prior art heat
dissipation mounts. As described briefly above and
more fully hereinafter, the heat sinks are: flat metal
plates, notched for loose insertion into and retention in
a holder, mounting a heat radiating fin structure, and
drilled or punched to accommodate the terminals of
various types of solid state devices and mounting
screws, rivets or other securing means for those de-
vices. Equipped with selected solid state devices for
particular electronic products they may be stocked as
modules, alone or with printed circuit boards as attach-
ments and dropped into place, singly or in stacks, in
their dielectric holders when the products are being
assembled. These holders, because they are molded in
one piece are also simple and inexpensive modules
which may be readily secured in any electronic product
cabinet and particularly in close proximity to an air
blower carried by the cabinet.

A second embodiment of applicant’s invention uti-
lizes a heat sink plate in conjunction with an extruded
metal heat radiating element having substantial heat
capacity. This improved heat radiating element in-
cludes a fin structure formed by a plurality of extruded
ribs projecting normal to a flat plate. In one configura-
tion of this second embodiment, the surface of the flat
plate opposite the protruding fins is bonded by an
epoxy in a face-to-face relationship with the heat sink
plate which supports the semiconductor devices. In the
preferred configuration of this second embodiment, the
protruding fins are formed integral with the heat sink
plate. This assembly provides extremely efficient ther-
mal conduction between the heat sink plate and the
radiating member while still permitting the heat sink
plate to directly mount the printed circuit board for
modular construction. Both the heat sink plate and
radiating member may be conveniently produced from

- metal having a high coefficient of thermal conductivity,

such as aluminum. In the preferred embodiment, the
fins are advantageously and inexpensively formed by an
extrusion process whereby the fins and heat sink base
plate are a unitary, integral member. While this entire
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assembly may be mounted on ribs along the side of a
holder as described in the first embodiment, it has also
been found convenient to mount the assembly of the
heat sink plate, radiating element and printed circuit
board through the use of mounting brackets on the heat
sink plate and a terminal strip mounted on an edge of
the printed circuit board opposite the heat sink ele-
ments. This terminal strip may be placed in an open-
ended slot in the chassis for the electronic unit and
firmly secured, providing mounting for the printed
circuit board. The modular assembly of the terminal
strip to the printed circuit board prior to ‘assembly in
the chassis is both convenient and economical. Thus,
the printed circuit board with its terminal strip and heat
sink may be asembled outside of the electronic chassis
and the entire assembly may be inserted into the chas-
sis, with the terminal strip fitting into a slot in the wall
of the chassis, so that no additional wiring is required.
With a fan included in the chassis opposite the terminal
strip and venting apertures included in various loca-
tions of the chassis, an extremely efficient, modular,
cooled electronic assembly is achieved.

An additional alternate configuration of the present
invention utilizes a heat sink element of reduced di-
mensions having a length and width closely approxi-
mating the length and width of the flat plate portion of
the heat radiating element. This embodiment therefore
economizes on the heat sink plate size while still pro-
viding for direct mounting of electronic components,
either on the heat sink itself or the flat plate portion of
the radiating element. This latter embodiment also
provides for direct mounting of the printed circuit
board on the heat sink plate and thus provides a modu-
lar assembly.

Thus, in each of the configurations of the present
invention, a prewired subassembly includes a printed
circuit board and a heat radiating element including a
plurality of inexpensive fins which are separated by a
plurality of uninterrupted parallel air passages exposed
to the electronic components mounted on the printed
circuit board. This subassembly is easily and quickly
mounted entirely within a substantially enclosed elec-
tronic hardware package in close juxtaposition with a
fan which forces air through the uninterrupted air pas-
sages and over the components mounted on the printed
circuit board. Electrical wiring during assembly is kept
at a minimum consistent with modular construction
techniques, while the efficiency of the cooling elements
is maximized.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view, partly broken away,
showing the interior of an apparatus cabinet with heat
sink modules according to the present invention in-
stalled therein; )

FIG. 2 is an exploded perspective view of heat sink
modules and associated components shown in FIG. 1;

FIG. 3 is an elevational view of a heat sink holder
with heat sinks installed therein, all in accordance with
the present invention;

FIG. 4 is a partially exploded perspective view of a
second embodiment of the present invention showing
an alternate means for mounting the printed circuit
board of the present invention and additionally show-
ing an alternate heat radiating element;

FIG. 5 is a perspective view of the heat sink and heat
radiating elements of the embodiment shown in FIG. 4;
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FIG. 6 is an end elevation view of one of the heat
radiating elements of the embodiment shown in FIG. 4;

FIG. 7a is a sectional view taken along section line 7a
of FIG. 4 showing the terminal strip used to mount the
printed circuit board of the alternate embodiments of
FIGS. 4-6;

FIG. 7b is a sectional view taken along section line 7b
of FIG. 4 showing the manner in which the terminal
strip is secured to-a grounding clip of the printed circuit
board;

FIG. 8 is a perspective view of an additional configu-
ration of the present invention showing an electronic
chassis embodying the elements of the present inven-
tion;

FIG. 9 is a sectional view taken along lines 9—9 of
the alternate embodiment of FIG. 8 showing the partic-
ular modular construction of this alternate configura-
tion used for efficient cooling of the electronic hard-
ware enclosed therein; :

FIG. 10 is a sectional view similar to the sectional
view of FIG. 9 showing yet another manner of utilizing
the principles of the present invention in assembling a
modular construction electronic chassis;

FIG. 11 is a perspective view of an alternate heat
sink, heat radiating assembly for use with heat dissipat-
ing semiconducotr devices to be mounted in conjunc-
tion with printed circuit boards;

FIG. 12 is a perspective view showing an alternate
mounting configuration for the heat sink plate, heat
radiating element and circuit board of FIG. 11;

FIG. 13 is a sectional view taken along line 13—13 of
FIG. 12 showing the manner of mounting an electronic
component to the heat sink element of the embodiment
shown in FIG. 12;

FIG. 14 is a perspective view showing one preferred
configuration of the heat dissipating member wherein
the protruding heat radiating fins are formed integral
with the heat sink plate and the fins are mounted adja-
cent to the circuit board;

FIG. 15 is a perspective view showing another config-
uration of the preferred unitary heat dissipating mem-
ber wherein the heat sink portion thereof is mounted
adjacent to the circuit board; and

FIG. 16 is a perspective view of still another configu-
ration of the preferred-unitary heat dissipating member
wherein integral fins are located on opposite sides of
the electronic solid state components.

DETAILED DESCRIPTION

Referring now to the drawings and particularly to
FIGS. 1, 2, and 3, the reference numeral 20 designates
a plate of metal that is to serve as a heat sink for solid
state devices. Preferably, it is made of aluminum which
has a high coefficient of heat conductivity, and may be
of any appropriate size. In one embodiment of the
device, the heat sink plate 20 is 2% inches long, 2%
inches wide, and % inch thick and it will accommodate
two of the flat type, metal-encased, solid state devices
with a mounting flange and the necessary heat dissipa-
tion fins for those componenets. On each of its long
sides, the heat sink plate 20 is provided with notches or
grooves 22, (FIG. 2) the inner ends of which are shown
as having a semi-cylindrical contour. In the specific
showing, the notches or grooves 22 are slightly closer
to the rear edge of the heat sink plate 20 than the front
edge and the space between the grooves and the front
edge is provided with holes 21 to accommodate termi-
nal pins and holes 23 to receive mounting screws for
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the solid state devices. It will be understood that the
heat sink plate 20 may also be apertured or drilled for
other components, such as, for example, rectifiers hav-
ing a threaded stud at one end which may pass through

the plate 20 from top to bottom and receive a nut, and -

a soldering terminal at the top.

The space between the notches or grooves 22 and the
rear edge of the plate 20 is occupied by a heat radiating
fin structure 24. As shown, the fin structure 24 is com-
prised of a metallic strip deeply accordian pleated or
zig-zag folded. It is formed of a metal having a high
coefficient of heat conductivity, such as aluminum, and
may be secured to the surface of the heat sink plate 20
by any convenient means, such as cementing. An epoxy
cement is adequately effective to hold the heat radiat-
ing fin structure 24 securely attached to the plate 20.
As shown in FIGS. 2 and 3, heat radiating fin structures
24 may be attached to both the upper and the lower
surfaces of the heat sink plate 20 in the portion thereof
between the notches or grooves 22 and the rear edge of
the vlate. .

Turning now particularly to FIGS. 2 and 3, the refer-
ence numeral 30 designates generally a holder for re-
ceiving and retentively supporting heat sink plates 20
equipped with heat radiating fin structures 24 and
whatever solid state electronic devices are to be carried
by the plate 20. The holder 30, which outlines a U-
shape, comprises a flat base 32, and two or more verti-
cally standing walls, designated by the reference nu-
meral 34, 36, 38. The space between the walls 34 and
38 is slightly greater than the width of the heat sink
plate 20 and the same is true of the space between the
walls 36 and 38. From this it will be apparent that one
heat sink plate 20 or a stack of two or more may be
deposited between the walls 34 and 38 and between the
walls 36 and 38. It will be understood of course, that a
holder having only two vertical walls to accommodate
one stack or one having more than three to accommo-
date more than two stacks may be provided in accor-
dance with the requirements of particular pieces of
electronic apparatus.

Each of the walls 34 and 36 as on its inner surface a
rib or track, designated by the reference numerals 40
and 42 respectively on the two walls and these ribs
extend longitudinally of the walls from the base 32 or
near the base to the tops of the walls. Also, they face
each other transversely of the base 32. The wall 38
carries on its opposite surfaces the ribs 44 and 46 fac-
ing the ribs 40 and 42 respectively.

The holder 30 is of dielectric material, preferably
molded so that all components are integral, and there
are a great many compounds of which it may be
molded including but not. limited to cellulose acetate,
epoxy resins, phenol formaldehyde resins, polyesters,
polyacrylic ‘esters, polyethylene, polystyrene and vi-
nyls, all of which are examples of usable substances.
Some of them when molded in sheet form as in the case
of the base and walls of the holder 30, are quite stiff
and inflexible and others are somewhat flexible. Those
that are flexible and might bend easily are reinforced to
some extent by the ribs but, they may be additionally
reinforced by thicken ings or ribs at the vertical edges
of the walls as designated by the reference numerai 48
in FIGS. 1 and 3. ¥

A heat sink plate 20 with its attached electronic com-
ponents and heat radiating fins may be installed as a
. module in the holder 30 merely by fitting its notches or
grooves 22 over a pair of confronting ribs, such as 40
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and 44 on the walls 34 and 38 respectively of the holder

.or on the ribs 42 and 46 of the walls 36 and 38 respec-

tively, and lowering it until it comes to rest on the base

32 of the holder 30. If the plate 20 has the radiating fin

structure 24 on its lower surface, that fin structure will

- rest on the bottom 32 of the holder 30. It is contem-

plated that the heat sink plates 20 will normally have
heat radiating fin structures on upper and lower sur-
faces. However, in the event that a heat sink plate does
not have that structure on the lower surface, a spacer
block, the nature of which will be described in detail
hereinafter, may be lowered into the holder 30 before
the completely equipped heat sink plate 20 is lowered
into position, in order that any portions of solid state
components that project from the underside of the heat
sink plate 20, or-any conductors employed for making
connections to the solid state components from below,
shall be held clear of the base 32. It will be noted that
the thickenings or ribs 48 at the rear of the holder 34
overlap to some extent the rear edge of a heat sink
plate 20 that has been installed in the holder, and may
aid in aligning the heat sink plate for lowering into the
holder, although the ribs 40 and 44 or 42 and 46 are
adequate to perform this function. With the exception
of clearance between the notches or grooves in the heat
sink plate 20 and the ribs on the walls of the holder 30
to facilitate easy installation and removal of the heat
sink plates, the ribs inhibit movement of the heat sink
plates 20 in any path except vertically relative to the
base 32 of the holder 30. '

As indicated in FIGS. 2 and 3, the walls of the holder
30 may be of sufficient height to accommodate two or

- more fully equipped heat modular sink plates 20 in
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stacked relationship. In order to electrically insulate
stacked heat sink plates 20 from one another, spacers
may be provided, and in FIG. 3 two such spacers are
shown, designated by the reference numerals 52 and
54. For reasons which will be set forth hereinafter, the
spacer 52 has been shown as including an imperforate
vertical wall, which might be the rear or front wall of a
hollow, box-like spacer, it being understood that the
spacer 52 might also be a solid block of molded or cast
plastic, using plastic in the generic sense to include any
of the hereinafter mentioned dielectric materials. The
purpose in so constructing the spacer 52 would be to
prevent a flow of air through the space between the
walls 34 and 38 except through the heat radiating fin
structures 24. If instead it is desired to permit a flow of
air through the holder in addition to that which may
flow through the heat radiating fin structures 24, a
spacer of the type 54 may be employed which, as
shown, may be in the form of a rectangular open frame.
It will be understood that if the spacer 54 has a square
cross-sectional outline it may serve both as a perforate
and an imperforate spacer, merely by positioning it in
the holder 30 so that the air passage or passages there-
through are directed parallel to the base of the holder
30 or perpendicular to the base. Instead of a rectangu-
lar frame, it might be molded in the form of a letter
“X”. It may be seen in FIG. 2 that spacer 54 has upper
and lower surfaces of substantially the same length and

‘width as the outline dimensions of the heat radiating fin

structure 24. Thus, the spacer will be confined by the
thick edges 48 and 50 of a pair of walls of holder 30 and
the ribs 40 and 44 or 42 and 46 on those walls. An
imperforate spacer block 52 will be similarly dimen-
sioned.
























