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Description
BACKGROUND OF THE INVENTION

[0001] The present applications claims the benefit of
U.S. Provisional Patent Application No. 60/575,435, filed
on May 28, 2004, which is incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The presentinventionrelatestoaradiofrequen-
cy generator with a heatsink and related components
thereof.

[0003] Electronic semiconductor device technology
continues to rapidly advance, producing devices that
achieve heretofore unattainable operating speeds, pack-
ing density, and high temperature compatibility. This last
characteristic, high-temperature compatibility, is one of
more important features. High-temperature environ-
ments as well as high-power and high frequency appli-
cations are becoming increasingly important. The ability
of electronics to withstand high-temperature environ-
ments of gas-turbines, automotive engine compartments
materials handling and fabrication equipment, aircraft
subsystems and the like, makes possible many histori-
cally impractical electronic applications for these envi-
ronments.

[0004] Many such high-power, high-temperature elec-
tronics applications inherently limit the ability to dissipate
heat and power generated by the electronics. Thermal
and power management as well as environmental pro-
tection of the electronics are therefore handled entirely
by the electronics packaging. As a result, typical high-
performance packaging criteria include mechanical
strength, high thermal conductivity, close matching of de-
vice and package thermal expansion coefficients, low di-
electric constant for accommodation of high frequency
devices, and environmental protection (e.g., hermetic
sealing).

[0005] In designing such packages, thermal manage-
ment is important--especially at high power generation
levels which increase the amount of heat created. Heat
decreases the performance and operating life of the tran-
sistor. Moreover, heat generated at the collector base
junction in bipolar devices can create a temperature
buildup which may eventually cause the device to short-
circuit. MOSFET switching losses and channel conduc-
tion losses cause the device to overheat and may result
in failure.

[0006] Accordingly, the power device is generally
mounted on a thermally conductive pad which acts as a
heatsink and dissipates the heat generated by the power
device. A copper plate is commonly used as a heatsink
due to its good heat conductivity.

[0007] US 2001/0 004 312 A1 discloses a semicon-
ductor laser stack apparatus having a cooling device
comprising a plurality of heatsinks wherein each heatsink
has a planar structure. The upper planar member and
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the lower planar member each comprise a depression.
Between the upper planar member and the lower planar
member, a middle planar member is arranged. A liquid
can flow through a depression of one of the upper and
lower planar members, flow through openings of the mid-
dle planar member and into the depression of the other
ofthe upper planar member and the lower planar member
in order to cool the laser device.

[0008] Other liquid coded heat sinks are known from
DE 19514544 and US 5903583.

[0009] Itis anobject of the presentinvention to provide
a radio frequency generator with improved heat dissipa-
tion. This object is solved by the radio frequency gener-
ator according to claim 1. Preferred embodiments are
subject to the dependent subclaims.

SUMMARY OF THE INVENTION

[0010] In one embodiment, a heatsink for a power de-
vice comprises an upper plate providing a first surface;
a lower plate providing a second surface; a middle plate
provided between the upper and lower plates, the middle
plate having a hollow portion and a solid portion, the hol-
low portion defining an area to receive coolant, wherein
the power device is provided on the first or second sur-
face, so that heat generated by the power device can be
transferred to the coolant. The heatsink further comprises
an input port coupled to the hollow portion of the middle
plate to provide the coolant into the hollow portion; and
an output port coupled to the hollow portion of the middle
plate to remove the coolant from the hollow portion.
[0011] A ratio of areas defined by the hollow portion
and the solid portion is at least 2:1, so that an increased
portion of the coolant can contact the upper and lower
plates and more effectively transfer the heat generated
by the power device to the coolant. The heatsink is con-
figured to enable use of blind fasteners to mount a device
on at least one of the first and second surfaces.

[0012] In another embodiment, a heatsink for a power
device, the heatsink includes an upper conductive plate
providing a first surface; a lower conductive plate provid-
ing a second surface; a middle conductive plate provided
between the upper and lower plates, the middle plate
having a hollow portion and a solid portion, the hollow
portion defining an area to receive coolant, wherein the
power device is provided on the first or second surface,
so that heat generated by the power device can be trans-
ferred to the coolant

BRIEF DESCRIPTION OF DRAWINGS

[0013] Fig. 1illustrates an RF generator coupled to an
AC power source and a load.

[0014] Fig. 2illustrates a more detailed view of the RF
generator according to one embodiment of the present
invention.

[0015] Fig. 3 illustrates an RF generator having a full
bridge configuration according to one embodiment of the
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present invention.

[0016] Fig. 4 illustrates at least one blocking capacitor
is provided between the positive rail and the load.
[0017] Fig. 5A illustrates the waveforms when the half
bridges are controlled to output full power.

[0018] Fig. 5B illustrates the waveforms when the
MOSFETs are operated at about 90 degrees out of
phase.

[0019] Fig. 5C illustrates the waveforms when the

MOSFETSs are operated at 180 degrees out of phase.
[0020] Fig. 6 illustrates a heatsink that is attached to
an RF generator.

[0021] Fig. 7 illustrates a cross-sectional view of the
heatsink.
[0022] Fig. 8illustrates holes that do not provide a uni-

form distance between the coolant and the RF generator.
[0023] Fig. 9illustrates a heatsink having three layers
(or plates) according to one embodiment of the present
invention.

[0024] Fig. 10A illustrates an exemplary second layer
(or middle plate) according to one embodiment of the
present invention.

[0025] Fig. 10B illustrates a coolant passage that pro-
vides a uniform distance between the coolant and the
top or bottom plates.

[0026] Fig. 10C illustrates a middle plate according to
another embodiment of the present invention.

[0027] Fig. 11 illustrates a middle plate according to
yet another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The presentinvention relates to a power device
and related components thereof. One type of power de-
vices is a radio frequency (RF) generator. The RF gen-
erator generates a great deal of heat that needs to be
dissipated effectively. Accordingly, a heatsink is com-
monly attached to the RF generator to dissipate heat.
[0029] One embodiment of the present invention re-
lates to an RF generator operating at an ISM frequency,
e.g., 13.56 MHz. Fig. 1 illustrates an RF generator 102
coupled to an AC power source 104 and a load 106. The
power source is a typical AC source with a relatively low
frequency, e.g., 60 Hz. The load is a electronic device or
equipment, e.g., a plasma chamber, that is operated us-
ing the RF output generated by the RF generator.
[0030] Fig. 2 illustrates a more detailed view of the RF
generator 102 according to one embodiment of the
present invention. The RF generator includes a rectifier
202 that receives the AC current and converts it into a
DC current. The RF generator uses fixed DC voltages
rather than variable DC power supply since phase shift
technique is used.

[0031] Generally, the rectifierincludes a bridge config-
uration to convert the 60 Hz input a DC current. A phase
shift RF power section 204 receives the DC current and
sends out an RF output according to the controls of a
phase control 206. The phase control comprises four
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gate drivers, each driving a power MOSFET (see Fig. 3).
The MOSFETSs are arranged in a full-bridge configura-
tion.

[0032] Fig. 3illustrates an RF generator 502 having a
full bridge configuration according to one embodiment of
the present invention. The RF generator 502 includes
first, second, third and fourth MOSFETs 504,506,508,
and 510. In the present implementation, the MOSFETs
are "IXYS-RF MOSFET IXZ211N50," manufactured by
IXYS Corporation, but other types of power MOSFETs
may be used in other implementations. The first and third
MOSFETSs 504 and 508 define a first half bridge, and the
second and fourth MOSFETSs 506 and 510 define a sec-
ond half bridge.

[0033] First, second, third, and fourth gate drivers 512,
514,516, and 518, together comprising the phase control
206, are coupled to the control terminals of the first, sec-
ond, third, and fourth MOSFETS, respectively. An AC
power source 520 is coupled to a positive rail 522 and a
negative rail 524 via a rectifier 521, defining a given po-
tential difference V. The rectifier is provided between the
AC power source and nodes 526 and 528 to provide DC
currents to the node 526. The DC currents are supplied
to the firstand second MOSFETSs via the positive rail 522.
A first capacitor C1 is provided between the positive and
negative rails. In the present embodiment, a fixed DC
voltage is provided to the first and second MOSFETSs.
[0034] A resonant circuit 530 is provided between the
output nodes of the first and second MOSFETSs, so that
the RF generator can operate at resonate frequency and
avoid hard switching. The circuit 530 includes second
and third capacitors C2 and C3, and first, second, and
third inductors L1, L2, and L3.

[0035] In the present implementation, the second and
third capacitors have capacitance of 5.1 nF each. The
first and second inductors L1 and L2 have inductance of
400 nH each. The third inductor L3 has inductance of 40
nH. In other implementations, these components may
have different values.

[0036] The values of the inductors L1 and L2 have
been selected to facilitate the commutation of the MOS-
FETs, such that hard switching is avoided for much of
the phase shift range. Hard switching cannot be com-
pletely avoided in the present embodiment because the
currents in the inductors are not identical as phase shift
is varied. One of the half bridges would have a reduced
current as the phase is changed from zero of 180 de-
grees. The reduction in current results in only a partial
resonant commutation with the remainder being hard
switching.

[0037] Animpedance matching circuit 532 is provided
between the resonate circuit 530 and a load 534, The
load is represented as a resistor R5. The matching circuit
includes a fourth inductor L4 and fifth and sixth capacitors
C5 and C6.

[0038] Inthe presentimplementation, the fourth induc-
tor has inductance of 270 nH. The fifth and sixth capac-
itors C5 and C6 have capacitance of 180 pfand 1.1 nF,



5 EP 1 601 015 B9 6

respectively. These components may have different val-
ues in different implementations.

[0039] The RF generator 502 also includes a plurality
of blocking capacitors C2, C3, and C4 to isolate the load
534 from the power section and operate the RF generator
directly off line. The blocking capacitor or fourth capacitor
C4 has capacitance of 5.1 nF in the present implemen-
tation, but may have other values in other implementa-
tions.

[0040] To operate directly offline, at least two blocking
capacitors are used. That is, at least one blocking capac-
itor 542 is provided between the positive rail 522 and the
load 534, as shown in Fig. 4. The capacitor 542 corre-
sponds to the blocking capacitor C2 or C3. At least an-
other blocking capacitor 544 is provided between the
negative rail 544 and the load 534. The capacitor 544
corresponds to the blocking capacitor C4. The great dif-
ference in frequency between the high output frequency
(e.g., 13.56 MHz) and the low input frequency (e.g., 60
Hz) of the AC power source 520 enables the use of low
frequency blocking capacitors C2, C3, and C4 to isolate
the load from the power section. This allows the output
to be grounded without excessive current flow from the
60 Hz power.

[0041] In operation, the phase of the two half bridges
of the RF generator 502 is varied to control the power
output. The output of the two half bridges are combined
using a network to sum the outputs into a single node
537. The single node is then impedance matched to the
output using the matching circuit 532.

[0042] Figs. 5A-5C illustrate the waveforms generated
by the RF generator 502 according to the present em-
bodiment. These waveforms are illustrated as quasi-
square waves for illustrative convenience. However, they
are in reality closer to sine waves due to the filtering of
the total network.

[0043] Fig. 5A illustrates the waveforms when the half
bridges are controlled to output full power. A zero degree
phase relationship is maintained for this operation. A first
waveform 702 illustrates the output of the MOSFET 504,
and a second waveform 704 illustrates the output of the
MOSFET 508. Similarly, a third waveform 706 illustrates
the output of the MOSFET 506, and a fourth waveform
708 illustrates the output of the MOSFET 510. An output
waveform 710 illustrates the power output of the RF gen-
erator that results from combining the outputs of the
above MOSFETSs. Since the MOSFETS are operated in
phase, full power is output. The node 537 switches at full
pulse widths similar to the drive waveforms.

[0044] Fig. 5B illustrates the waveforms when the
MOSFETs are operated at about 90 degrees out of
phase. A first waveform 712 illustrates the output of the
MOSFET 504, and a second waveform 714 illustrates
the output of the MOSFET 508. Similarly, a third wave-
form 716 illustrates the output of the MOSFET 506, and
a fourth waveform 718 illustrates the output of the MOS-
FET 510. An output waveform 720 illustrates the output
of the RF generator that results from combining the out-
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puts of the above MOSFETSs. The power output is lower
since the MOSFETSs are not being operated in phase, as
shown by the smaller pulses.

[0045] Fig. 5C illustrates the waveforms when the
MOSFETSs are operated at 180 degrees out of phase. A
first waveform 722 illustrates the output of the MOSFET
504, and a second waveform 724 illustrates the output
of the MOSFET 508. Similarly, a third waveform 726 il-
lustrates the output of the MOSFET 506, and a fourth
waveform 728 illustrates the output of the MOSFET 510.
An output waveform 730 illustrates the output of the RF
generator that results from combining the outputs of the
above MOSFETSs. Since the MOSFETSs are operated 180
degrees out of phase, no power is output.

[0046] Although there is no power output when the
MOSFETSs are operated in 180 degrees out of phase,
currents continue to flow through the inductors L1 and
L2. These inductors are being charged and discharged.
The potential of the node 537, however, does not change
and remains at the same level. This is so since the in-
ductors L1 and L2 are a voltage divider, each with the
same inductance. The node 537 remains at V/2 (i.e., a
half of the potential difference between the positive and
negative rails 522 an 524) as long as the drive is sym-
metrical.

[0047] The RF generator 502 handles a great deal of
energy. As a result, it is generally attached to a large
heatsink to effectively dissipate the heat generated by
the RF generator. A heatsink comprises a conductive
substrate, e.g., copper plate. The heatsink is attached to
one side of the RF generator to dissipate the heat gen-
erated by the RF generator. Fig. 6 illustrates a heatsink
802 that is attached to an RF generator 804.

[0048] Fig. 7 illustrates a cross-sectional view of the
heatsink 802. The heatsink or heat dissipater has a length
L1 thatis 18 inches and a width WI that is 10 inches. The
heatsink uses liquid coolant, e.g., water, to dissipate heat
more effectively. The heatsink includes a plurality of ver-
tical holes (or passages) 812 and 814 and at least one
horizontal hole (or passage) 816. The horizontal hole
connects to the vertical holes to provide a path for the
coolant, so that the coolant can be input to and output
from the heatsink.

[0049] The above holes are formed by drilling into met-
al plate, which has a number of disadvantages. (1) It is
time consuming to form the holes by drilling. (2) Since it
is relatively time consuming to drill holes into the metal
plate, a limited number of holes are formed. This de-
grades the cooling efficiency of the heatsink. (3) The
holes do not provide a uniform distance between the cool-
ant and the RF generator (see Fig. 8). One point 822 of
the hole can be substantially further than another point
824 of the hole. This results in non-uniform heat dissipa-
tion. (4) A relatively thick metal plate is needed since
holes are to be drilled into it. For example, the heatsink
802 has a thickness of about 0.5 inch. This increases the
weight and material cost of the heatsink.

[0050] Another method of making a heatsink is ma-
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chining two plates and assemble them together. The
plates are sealed by soldering, brazing or using o-ring
seals. These plates are usually made out of copper for
corrosion resistance and good thermal conductivity. Ma-
chining, however, is even more time consuming and ex-
pensive approach than the drilling.

[0051] Fig. 9 illustrates a heatsink 902 having three
layers (or plates) according to one embodiment of the
presentinvention. Afirstlayer 904 is a top plate. A second
layer 906 is a middle plate. A third layer 908 is a bottom
plate. Thefirst, second, and third layers have thicknesses
of 0.125inch, 0.1875 inch, and 0.125 inch, respectively.
The middle plate is thicker than the top or bottom plates
in the present implementation. The RF generator 502 is
provided on one side of the heatsink, e.g., the top plate.
Another power device or component 503 is provided on
another side of the heat sink, e.g., the bottom plate.
[0052] When bonded together, these layers or plates
have a thickness of 0.4375 inch, which is 12.5% thinner
than the conventional heatsink 802. The plates of the
heatsink 902 are made of copper in the presentinvention.
Other types of conductive material may be used in other
applications.

[0053] Afirstport 910 (orinput port) is provided on one
side of the bottom plate to input liquid coolant into the
heatsink. A first hole 912 provided on the first port re-
ceives the coolant. A second port 914 (or output port) is
provided on another side of the bottom plate. A second
hole 916 outputs the coolant that has been input via the
first hole. These ports may be provided on the top plate
in another implementation.

[0054] In the present embodiment, the heatsink is
made by using a punched plate. This enables the heat-
sink to be made more quickly at lower cost. The middle
plate is patterned by punching out the unwanted portions,
thereby defining a hollow area that is configured to re-
ceive the coolant. The top and bottom plates are bonded
to the punched middle plate. As a result, a heatsink hav-
ing a coolant passage or area is formed. The plates may
be bonded or sealed using various techniques, e.g., by
soldering or brazing. In another implementation, the un-
wanted portions of the middle plates may removed using
techniques other than punching, e.g., a torch to cut out
the unwanted portions.

[0055] Fig. 10A illustrates an exemplary second layer
(or middle plate) 922 according to one embodiment of
the present invention. The middle plate has a length L2
of about 18 inches and a width W2 of about 10 inches.
Passage 924 for liquid coolant has been defined on the
middle plate by punching out a portion of the middle plate.
Since the passages 924 are defined by punching out the
unwanted portions of the middle plate, the middle plate
can be patterned very quickly and easily when compared
to the drilling or machining approach.

[0056] In addition, the width W3, L3 of the paths can
be made to be quite large to carry more coolant. For
example, the width W3, L3 may be 2 inches, 3 inches, 4
inches, 5 inches, 6 inches, or 7 inches or more. The cool-
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ant path 924 is defined to be provided immediately below
where the RF generator is to be attached, so that the
heat generated by the RF generator can be more effec-
tively dissipated by the coolant.

[0057] Also, the coolant passage 924 provides a uni-
form heat dissipation since the distance between the
coolant and the top or bottom plates are uniform (see
Fig. 10B).

[0058] Fig. 10C llustrates a middle plate 925 according
to another embodiment of the present invention. A cool-
ant path or area 926 is defined to be substantially equal
to or greater than the side area of the RF generator. As
a result, the coolant area 926 is placed directly under-
neath the entire part of an RF generator 502, which is
not usually possible with the drilling approach. In one
implementation, the coolant area 926 that is punched out
is greater than the solid section 928 of the middle plate.
The coolant area 926 may be 20% greater than the solid
section, or 30% greater than the solid section, or 40%
greater than the solid section, or 50% greater than the
solid section, or 100% greater than the solid section,
200% greater than the solid section, or 300% greater
than the solid section according to applications.

[0059] According to the claimed invention, however,
the hollow section is at least 100% greater than the solid
section.

[0060] Fig. 11 illustrates a middle plate 931 according
to yet another embodiment of the present invention. A
coolant area 932 that has been punched is provided. The
punched-out coolant area 932 is substantially greater
than the solid section 933 of the middle plate. One or
more strips 934 are provided within the coolant area to
provide structural reinforcement. One or more through-
holes 936 are provided to enable wiring between power
devices on the two sides of the heatsink.

[0061] The present invention has been illustrated in
terms of specific embodiments to fully disclose and en-
able the invention. The embodiments disclosed above
may be modified or varied without departing from the
scope of the presentinvention. The description and draw-
ings provided herein, therefore, should not be used to
limit the scope of the present invention.

Claims

1. A radio frequency generator (502; 804) comprising
a heatsink (802; 902), the heatsink (802; 902)
comprising :

- an upper plate (904) providing a first surface;
- alower plate (908) providing a second surface;
- a middle plate (906; 922; 925; 931) provided
between the upper and lower plates (904, 908),
the middle plate (906; 922; 925; 931) having a
hollow portion (924; 926; 932) and a solid portion
(928; 933, 934), the hollow portion (924; 926;
932) defining an area to receive a coolant,
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wherein the radio frequency generator (502; 804) is
provided on the first or second surface, so that heat
generated by the radio frequency generator (502;
804) can be transferred to the coolant,

wherein the hollow portion of the middle plate defines
an area that is greater than that of the solid portion
and

wherein the ratio of areas defined by the hollow por-
tion and the solid portion is at least 2:1.

The radio frequency generator with a heatsink of
claim 1, further comprising:

an input port coupled to the hollow portion of the
middle plate to provide the coolant into the hol-
low portion; and

an output port coupled to the hollow portion of
the middle plate to remove the coolant from the
hollow portion,

wherein the plates comprise conductive materi-
als.

The radio frequency generator with a heatsink of
claim 1 or 2, wherein the upper and lower plates com-
prise copper.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, wherein the hollow por-
tion is formed by punching out a portion of the middle
plate.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, wherein distances
from edges of the hollow portion to the upper surface
of the heatsink are substantially the same.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, wherein the area de-
fined by the hollow portion is greater than that of the
radio frequency generator.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, wherein lateral edges
of the area defined by the hollow portion are config-
ured to all extend beyond lateral edges of the radio
frequency generator.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, further comprising:

one or more strips provided within the area de-
fined by the hollow portion to provide structural
reinforcement to the heatsink.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, wherein aratio of areas
defined by the hollow portion and the solid portion is
at least 1.5:1, so that an increased portion of the
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10.

11.

12

coolant can contact the upper and lower plates and
more effectively transfer the heat generated by the
radio frequency generator to the coolant.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, further comprising:

one or more holes that extends from the first
surface to the second surface,

wherein the radio frequency generator is at-
tached to the first surface and a power device
is provided on the second surface, wherein the
one or more holes are used to provide wiring
between the radio frequency generator and the
power device.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, wherein distances be-
tween the upper surface and the coolant provided
within the area defined by the hollow portion of the
middle plate arc substantially the same.

The radio frequency generator with a heatsink of an-
yone of the preceding claims, wherein the heatsink
is configured to enable use of blind fasteners to
mount a device on at least one of the first and second
surfaces.

Patentanspriiche

1.

Hochfrequenzgenerator (502; 804) mit einem Kihl-
korper bzw. einer Warmesenke (802; 902), wobei
die Warmesenke (802; 902) umfasst:

- eine obere Platte (904), die eine erste Flache
bzw. Oberflache bereitstellt;

- eine untere Platte (908), die eine zweite Flache
bzw. Oberflache bereitstellt;

- ein mittlere Platte (906; 922; 925; 931), die zwi-
schen der oberen und der unteren Platte (904,
908) vorgesehen ist, wobei die mittlere Platte
(906; 922; 925; 931) einen hohlen Abschnitt
(924; 926; 932) und einen Festkdrperabschnitt
(928; 933, 934) aufweist, wobei der hohle Ab-
schnitt (924; 926; 932) einen Bereich zum Auf-
nehmen eines Kilhimittels definiert,

wobei der Hochfrequenzgenerator (502; 804) an
der ersten oder zweiten Oberflache vorgesehen
ist, so dass Warme, die von dem Hochfrequenz-
generator (502; 804) erzeugt wird, auf das Kiihl-
mittel Gbertragen werden kann,

wobei der hohle Abschnitt der mittleren Platte
einen Bereich definiert, der grofer ist als derje-
nige des Festkdrperabschnitts, und

wobei das Flachenverhéltnis, das durch den
hohlen Abschnitt und den Festkorperabschnitt
definiert wird, zumindest 2:1 ist.
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2. Hochfrequenzgenerator mit Warmesenke nach An-

spruch 1, ferner umfassend:

einen Eingangsport, der mit dem hohlen Ab-
schnitt der mittleren Platte gekoppelt ist, um das
Kahlmittel in dem hohlen Abschnitt bereitzustel-
len; und

einen Ausgangsport, der mit dem hohlen Ab-
schnitt der mittleren Platte gekoppelt ist, um das
KihImittel aus dem hohlen Abschnitt zu entfer-
nen,

wobei die Platten leitfahige Materialien umfas-
sen.

Hochfrequenzgenerator mit Warmesenke nach An-
spruch 1 oder 2, wobei die obere und die untere Plat-
te Kupfer umfassen.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriiche, wobei der
hohle Abschnitt durch Ausstanzen eines Abschnitts
aus der mittleren Platte gebildet wird.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriiche, wobei Abstan-
de von Kanten bzw. Randern des hohlen Abschnitts
zu der oberen Oberflache der Warmesenke im We-
sentlichen gleich sind.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriiche, wobei der Be-
reich, der durch den hohlen Abschnitt definiert ist,
groRer ist als derjenige des Hochfrequenzgenera-
tors.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriiche, wobei laterale
Kanten bzw. Rénder des Bereichs, der durch den
hohlen Abschnitt definiert ist, so konfiguriert sind,
dass sie sich jenseits der lateralen Kanten des Hoch-
frequenzgenerators bzw. Uber diese hinaus erstrek-
ken.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriiche, ferner umfas-
send:

einen oder mehrere Streifen, die innerhalb des
Bereichs vorgesehen sind, der durch den hoh-
len Abschnitt definiert ist, um eine Strukturver-
starkung fir die Warmesenke bereitzustellen.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriiche, wobei ein Fl&-
chenverhaltnis, dass durch den hohlen Abschnitt
und den Festkdrperabschnitt definiert ist, zumindest
1,5:1 ist, so dass ein groRerer Teil des Kihimittels
die obere und die untere Platte kontaktieren und die
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11.

12.

durch den Hochfrequenzgenerator erzeugte Warme
effektiver auf das Kihimittel bertragen kann.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriiche, ferner umfas-
send:

ein oder mehrere Lécher, die sich von der ersten
Oberflache zu der zweiten Oberflache erstrek-
ken, wobei der Hochfrequenzgenerator an der
ersten Oberflache angebracht ist und eine Lei-
stungsvorrichtung an der zweiten Oberflache
vorgesehen ist, wobei das eine oder die mehre-
ren Lécher verwendet werden, um eine Ver-
drahtung zwischen dem Hochfrequenzgenera-
torund der Leistungsvorrichtung bereitzustellen
bzw. zu ermdglichen.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriche, wobei Abstan-
de zwischen der oberen Oberflache und dem Kiihl-
mittel, das innerhalb des Bereichs vorgesehen ist,
der durch den hohlen Abschnitt der mittleren Platte
definiert ist, im Wesentlichen gleich sind.

Hochfrequenzgenerator mit Warmesenke nach ei-
nem der vorhergehenden Anspriche, wobei die
Warmesenke konfiguriert ist, die Verwendung von
Blindbefestigern zu ermdglichen, um eine Vorrich-
tung an zumindest einer der ersten und der zweiten
Oberflache zu montieren.

Revendications

1.

Générateur haute fréquence (502 ; 804) comprenant
un dissipateur de chaleur (802 ; 902), le dissipateur
de chaleur (802 ; 902) comprenant :

- une plaque supérieure (904) fournissant une
premiére surface ;

- une plaque inférieure (908) fournissant une se-
conde surface ;

- une plaque médiane (906 ; 922 ; 925 ; 931)
disposée entre les plaques supérieure et infé-
rieure (904, 908), la plaque médiane (906 ; 922 ;
925 ;931) ayant une portion creuse (924 ; 926 ;
932) et une portion solide (928 ; 933, 934), la
portion creuse (924 ; 926 ; 932) définissant une
aire pour recevoir un réfrigérant,

ou le générateur haute fréquence (502 ; 804)
est disposé sur la premiere ou la seconde sur-
face de sorte que la chaleur générée par le gé-
nérateur haute fréquence (502 ; 804) peut étre
transférée au réfrigérant,

ou la portion creuse de la plaque médiane définit
une aire qui est plus grande que celle de la por-
tion solide et
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ou le rapport des aires définies par la portion
creuse et la portion solide est au moins égal a
2:1.

2. Générateur haute fréquence avec un dissipateur de

chaleur selon
également :

la revendication 1, comprenant

un orifice d’entrée couplé a la portion creuse de
la plague médiane pour fournir le réfrigérant
dans la portion creuse ; et

un orifice de sortie couplé a la portion creuse de
la plague médiane pour enlever le réfrigérant de
la portion creuse,

ou les plaques comprennent des matériaux con-
ducteurs.

Générateur haute fréquence avec un dissipateur de
chaleur selon la revendication 1 ou la revendication
2, ou les plaques supérieure et inférieure compren-
nent du cuivre.

Générateur haute fréquence avec un dissipateur de
chaleur selon l'une quelconque des revendications
précédentes, ou la portion creuse est formée par
I'enlévement par poingonnage d’une portion de la
plaque médiane.

Générateur haute fréquence avec un dissipateur de
chaleur selon l'une quelconque des revendications
précédentes, ou les distances entre les bords de la
portion creuse et la surface supérieure du dissipa-
teur de chaleur sont essentiellement identiques.

Générateur haute fréquence avec un dissipateur de
chaleur selon I'une quelconque des revendications
précédentes, ou I'aire définie par la portion creuse
est plus grande que celle du générateur haute fré-
quence.

Générateur haute fréquence avec un dissipateur de
chaleur selon I'une quelconque des revendications
précédentes, ou les bords latéraux de I'aire définie
par la portion creuse sont configurés pour s’étendre
tous au-dela des bords latéraux du générateur haute
fréquence.

Générateur haute fréquence avec un dissipateur de
chaleur selon I'une quelconque des revendications
précédentes, comprenant également :

une ou plusieurs bandes disposées a l'intérieur
de l'aire définie par la portion creuse pour fournir
un renfort structurel au dissipateur de chaleur.

Générateur haute fréquence avec un dissipateur de
chaleur selon 'une quelconque des revendications
précédentes, ou un rapport des aires définies par la
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1.

12,

portion creuse et la portion solide est au moins égal
a 1,5:1, de sorte qu’une portion augmentée du réfri-
gérant peut entrer en contact avec les plaques su-
périeure et inférieure et transférer plus efficacement
la chaleur générée par le générateur haute fréquen-
ce au réfrigérant.

Générateur haute fréquence avec un dissipateur de
chaleur selon 'une quelconque des revendications
précédentes, comprenant également :

un ou plusieurs trous qui s’étendent de la pre-
miére surface a la seconde surface, ou le géné-
rateur haute fréquence est attaché a la premiére
surface et un dispositif de puissance est disposé
sur la seconde surface, ou le ou les trous sont
utilisés pour fournir le cablage entre le le géné-
rateur haute fréquence et de dispositif de puis-
sance.

Générateur haute fréquence avec un dissipateur de
chaleur selon I'une quelconque des revendications
précédentes, ou les distances entre la surface su-
périeure et le réfrigérant disposé a l'intérieur de l'aire
définie par la portion creuse de la plaqgue médiane
sont essentiellement identiques.

Générateur haute fréquence avec un dissipateur de
chaleur selon I'une quelconque des revendications
précédentes, ou le dissipateur de chaleur est confi-
guré pour permettre I'utilisation de boulons sertis
pour monter un dispositif sur au moins une des pre-
miére et seconde surfaces.
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