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(57) Dans une lampe (2) sans électrodes alimentée par
micro-ondes, un seul moteur rotatif (16) sert 4 (a) faire
tourner I’ampoule et (b) conférer un mouvement rotatif,
soit & un moyen de ventilation (18) ou un moyen de
pompage (60), afin de transmettre un fluide de
refroidissement au magnétron (4), soit & un moyen de
refroidissement a gaz forcé, afin de transmettre un gaz de
refroidissement a4 1’ampoule. Le moyen de ventilation
peut seulement consister en une hélice sans le boitier
classique de ventilateur. Le moteur, la tige d’ampoule et
I’ampoule ou le moteur, la tige d’ampoule, 1’ampoule et
le ventilateur peuvent faire partie d’un seul ensemble, de
maniere a faciliter le remplacement.

I*I Industrie Canada  Industry Canada

(57) In a microwave powered electrodeless lamp (2), a
single rotary motor (16) is used to a) rotate the bulb and
b) provide rotary motion to a blower means (18) or pump
means (60) for providing cooling fluid to the magnetron
(4) and/or to a forced gas cooling means for providing
cooling gas to the bulb. The blower means may only
consist of an impeller without the usual blower housing.
The motor, bulb stem and bulb, or motor, bulb stem, bulb
and blower may be formed as an integral unit so as to
facilitate replacement.
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(57) Abstract

In a microwave powered electrodeless lamp (2), a single rotary motor (16) is used to a) rotate the bulb and b) provide rotary motion
to a blower means (18) or pump means (60) for providing cooling fluid to the magnetron (4) and/or to a forced gas cooling means for
providing cooling gas to the bulb. The blower means may only consist of an impeller without the usual blower housing. The motor, bulb
stem and bulb, or motor, bulb stem, bulb and blower may be formed as an integral unit so as to facilitate replacement.
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MICROWAVE LAMP WITH MULTI-PURPOSE ROTARY MOTOR
The present invention is directed to an improved microwave
lamp, and particularly to such a lamp which is compact and has

improved reliability.

Microwave lamps are well known, and typically include a
means for providing microwave power, such as a magnetron, a

bulb containing a discharge forming £ill, and a means for

coupling the microwave power to the bulb. Additionally, in
many microwave lamps, the bulb is rotated. This is because
bulb rotation affords numerous advantages, including

temperature equalization around the bulb surface, improved
spatial emission properties, discharge stabilization,
elimination of visual "wobble", increased efficiency, and
better cooling in those lamps where forced air cooling is
applied to the bulb. For example, see U.S. Patent Nos.

4,485,332, 4,695,757, 4,954,756, and co-pending U.S.

Application Nos. 08/176,273 and 08/046,671.

It is also a reguirement in microwave lamps to provide
cooling of the magnetron, and this is usually done by using a
blower to provide forced air cooling. In the microwave lamps

of the prior art, separate motors are used to rotate the bulb

and to operate the blower.

As mentioned above, in some microwave lamps, notably those
which operate at high power density, the bulb is also cooled by

forced air. In such lamps, a separate motor may also be used
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to operate a compressor which provides the forced air for bulb

cooling.

In accordance with the present invention, a single rotary
motor is used to rotate the bulb and to provide rotary motion
to the blower for magnetron cooling and/or to provide rotary
motion to a forced gas cooling means for bulb cooling. In
accordance with a variation, the magnetron may be 1liquid
cooled, in which case, the rotary motor would provide rotary

motion to a pump for flowing cooling liquid over the magnetron.

The present invention affords many advantages including
reduced cost and parts count, reduced wiring complexity, and
increased reliability because motofs are the weak link in a
microwave lamp and tend to fail. By combining two or more
motors into one, a higher quality design is provided which has

less risk of failure.

Another advantage is that the volume of the lamp is
reduced, and it is therefore more compact. This is
particularly important for microwave lamps for providing
visible light, since such illuminators may be retrofitted into
existing fixtures. Thus, the invention is particularly
applicable to visible illuminators including those using the

sulfur and selenium based fills such as disclosed in U.S.
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Patent No. 5,404,076. However, the invention is broadly
applicable to all types of microwave lamps regardless of

spectral output.

The blowers which are used in the microwave lamps of the
prior art for providing forced air cooling of the magnetron are
of standard design and include an impeller or blower wheel
which is surrounded by a housing for containing the air and
emitting it in a specific direction. In accordance with a
further aspect of the present invention, a blower is provided
which consists only of an impeller, without the usual housing.
This represents a significant cost and space saving, while

providing adequate cooling of the magnetron.

In accordance with a still further aspect of the
invention, the motor, bulb stem and bulb, are provided as an
integral unit. Both the bulb and motor are designed to provide
about the same long lifetime. However, if either should fail,
it is desirable to replace both at the same time, which is
easily accomplished if both are an integral unit. In
accordance with a further aspect, the bulb, bulb stem, motor,
and blowver are provided as an integral unit, since blowers get
dirty over time and would bear replacement at about the same

time as the bulb and/or motor.
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The invention will be better appreciated by referring to

the following figures, wherein:

Figure 1 shows an embodiment of the present invention.

Figure 2 1is a detailed view of the motor and shaft
coupling, which is partially in cross-section.

Figure 3 shows an exterior view of the lamp and reflector.

Figures 4 to 6 show further embodiments of the invention.

Figure 7 is a close-up of the motor and impeller.

Figure 8 shows a motor shaft and bulb stem which are

integrally connected.

Referring to Figure 1, an electrodeless lamp utilizing
bulb 2 1is shown. Magnetron 4 having antenna 5 provides
microwave power to rectangular waveguide 6, which couples the
power to the fill in bulb 2 via coupling slot 8. The bulb as
well as dielectric mirror 9 are located in a microwave cavity’
comprised of base 10, and cylindrical mesh 14, which is opaque
to microwave radiation but mostly transparent to visible light.
An impeller or blower wheel 18 is included for providing

cooling air for the magnetron.

In accordance with an aspect of the invention, rotary
motor 16 is provided for rotating both the bulb and the

impeller. The motor has co-linear shaft portions 19 and 20
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extending in opposite directions. The lower shaft portion 19
is coupled to stem 34 attached to bulb 2, for rotating the
bulb, while the upper shaft portion is coupled to the impeller.
Any mechanical coupling mode known to those skilled in the art
may be used for coupling the motor shaft to the bulb stem and
impeller. In the embodiment shown in Figure 2, sleeve 32 is
epoxied to the bulb sten. The sleeve has tinaman nut 28
therein and the threaded motor shaft portion is secured in the
nut. Element 38 of the motor rotates with the upper shaft
portion 20 which in turn rotates element 39. Element 53 is
glued to both element 39 and to the impeller 41, whereby the

impeller is rotated.

Referring to Figure 1, in the operation of the impeller,
air enters housing opening 40 and flows into the impeller, the
vanes of which are rotating. This accelerates the air and
pressurizes interior of the lamp housing 42. The pressurized
air flows over the magnetron fins 45 and exits the housing

through holes corresponding with the location of arrows 43.

Thus, it is seen that a compact structure is provided
which uses a single motor for both rotating the bulb and the
impeller. As mentioned above, such a structure has numerous

advantages over the prior art configuration which used two
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motors, including lower cost, fewer parts, lower volume, and

increased reliability.

Referring to Figure 3, an exterior view of a lamp
incorporating the invention is shown. Housing 42 encloses the
magnetron, blower, and associated electronics. Bulb 2 is
disposed in mesh 14 adjacent dielectric mirror 11, while
external reflector 55 is secured to the housing by bracket 56.
A cover glass 48 is secured with a holder across the mouth of
the reflector. Cooling air flows into opening 40 in the
housing and flows out at the location of arrow 43 after cooling

the magnetron.

The embodiment shown in Figures 1 and 2 employs air pulled
in from the environment to cool the magnetron, which is then
emitted back into the environment. In many cases, the
circulation of this air is a problem due to the presence of
dust, moisture, foreign particles, bugs, etc. Thus, a sealed
system is desirable. One way to achieve this is to cool the
magnetron with liquid coolaﬁt, such as water, and to eject the

heat through cooling fins which are located outside the unit.

An embodiment using liquid cooling is shown in Figure 4.
Motor 16’ has a lower shaft portion which is coupled to the

bulb stem as in the previous embodiment, but in this case the
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upper shaft portion drives a rotary pump 60. Pump 60 pumps
cooling ligquid to magnetron 4 via conduit 62, which after
cooling the magnetron is returned via conduit 66 to heat
exchanger 67 which is located outside of the lamp housing.
Ligquid is cooled in the heat exchanger by outside air, after

which it is recirculated to the magnetron.

Water cooled magnetrons are available, particularly at
higher powers. The advantages are lower magnetron anode
temperatures and the elimination of the noise, dust and power
required to push large volumes of air over the fins in a
magnetron. Various 1liquid coolants may be used, e.g. a
water/alcohol or water/glycol mixture so the lamp can operate

in an outdoor environment.

Pumps which would be suitable are available. For example,
seal-less magnetically coupled pumps are common, and small

diameter high speed pumps are well known.

A further embodiment of the invention is shown in Figure
5. As mentioned above, it is necessary to apply forced air
cooling to the bulbs of high power density electrodeless lamps.
In Figure 5, rotary motor 16’; is provided which rotates the

bulb 2 and also drives a forced gas cooling means such as a
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rotary high speed compressor 70, for example, a scroll

compressor.

Such a compressor can achieve pressures including those
from about .5 psi to several psi. The pressurized air is fed
to conduit 71 and through holes in nozzle 72, which are
directed at the bulb. Small projection lamps need to be
rotated at high speeds to achieve discharge stability and high
efficiency and to eliminate wvisual "“wobble". These are
independent effects which may come into play at different
speeds; however, inasmuch as they may all be brought in at high
enough speed, the arrangement of the invention is appealing
where small rotary compressors need to be operated at speeds
substantially exceeding synchronous motor speeds. Suitable
scroll compressors are known, and examples are described in
U.s. Patents Nos. 3,924,977 and 4,199,308, which are

incorporated herein by reference.

A further embodiment is shown in Figure 6. In this
arrangement, the motor 16’’’ rotates the bulb with one shaft
portion and simultaneously rotates blower means with the other
shaft portion for cooling both the magnetron and the bulb.
Blower wheel 80 is present for providing high pressure air for
cooling the bulb, while low pressure blower wheel 82 of smaller

diameter provides air for cooling the magnetron.
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In the implementation of the invention shown in Figure 1,
rotation speed of the impeller is selected so as to move
sufficient air through the magnetron to keep 1its anode
temperature below the manufacture’s specification. The
rotation speed of the bulb should be high enough so that
imperfections in the bulb’s surface or "wobble" of the bulb
envelope not cause noticeable spatial modulation of the light
as perceived by a human observer. To achieve this we have
selected 2700 rpm as the minimum rotation speed. The speed
should also be ample to stabilize the sulfur discharge during
starting and running conditions. The maximum speed is such
that the bulb will not deviate substantially from its axis of
rotation due to centrifugal forces. For a given bulb diameter,
mass, support stem length and strength there is a speed of
rotation which will impart a noticeable deviation from the
rotational axis. This should be avoided to prevent possible
support stem breakage as well as smearing of the optical
footprint as the bulb envelope begins to oscillate about its
axis. For the bulb shown in the preferred embodiment (35 mm

OD), this speed is about 3450 rpm at 60 Hz.

The motor selected in the preferred embodiment is the
Comair Rotron "Diplomat®, #DAF77BX. It is 200 VAC, 50/60 Hz

extended shaft, 3000 rpm nominal speed. The impeller is 5.29"
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diameter. A detailed view of the motor/blower is shown in

Figure 7.

In accordance with a further aspect of the invention, as
is depicted in Figures 1 and 2, the blower used for cooling the
magnetron consists ohly of an impeller. As is well known, a
blower typically includes a housing surrounding the impeller
for containing and the air and emitting it in a specific
direction. However, it has been discovered that by using the
impeller alone, substantial cost and space savings in the
present application for an electrodeless lamp can be realized.
The impeller accelerates the air inputted to it with rotating
blades 72. This pressurizes the lamp housing, which causes
adequate cooling air to flow over the magnetron. Thus, a major

practical advantage is gained.

In accordance with a further aspect of the invention, the
bulb and motor are manufactured as an integral unit. It is
anticipated that with certain fills, e.g., sulfur, the bulb
will last for scores of thousands of hours, as should the
motor. If, however, either fails, it would be desirable to
replace both at the same time. Thus, the bulb stem can be
cemented to the motor shaft, as by one or the other being made
hollow and the other member being inserted therein and

cemented. For example, see Figure 8 in which motor shaft 100
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is glued in hollow stem 102. Then, the entire integral unit is
replaced upon failure, obviating replacement of individual
parts and necessitating the stocking of only one part. In
similar fashion, the blower wheel can be made integral with the
bulb/motor, and the whole unit replaced upon failure. This
would be advantageous since blower wheels get very dusty and

lose efficiency over years of use.

While illustrative embodiments of the invention have been
disclosed, variations will certainly occur to those skilled in
the art. For example, while motor shaft portions extending in
opposite directions are used in the embodiments depicted
herein, other designs are possible where the rotation of more
than one element is acéomplished with a single shaft portions.
Additionally, different types of forced gas cooling means may
be rotated with the same rotary motor. It should therefore be
noted that the disclosed invention should be limited only by

the claims appended hereto and equivalents thereof.
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miexcwave powered electrodeless lamp comprising,

bulb containing a diacharge forming £ill which is

supported by a bulb stem for rotative motion about an axis of

rotaticn,

mi

Crowave power generating means for providing microwave

power which is coupled to the £ill in said ‘bulb,

rotaxy

blower means for providing cooling air to said

microwaye power generating means, said rotary blower means having

an axis
axis of

of rotation which is substantially coincident with the

rotation of said bulb, and -

rotary motor for imparting rotative motion to both gaid

bulb and said blower means about said gsubstantially coincident

axes of

rotation.

2. The lamp of claim 1 wherein said microcwave power generating

means a
housing

means.

3.
which ¢

nd said rotary blower means are located in a commen

which is pressurized by air provided by said blower

Thl lamp of claim 2 wherein said blower means is a unit

rises an impeller without a surrcunding housing.

4.

extend 1n cpposite directions,

coupled
couplaed

lamp of claim 1 wherein said rotary motor has first and

Th
second 111&1:‘: portions which are substantially co-linear but

said first shaft portion being
to said bulb stem and said second shaft portieon being

To said rotary blower means.
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5. Th

rotary motor and said bulb stem are cemented to each other, thus

forming

e lamp of claim 4 wherein said first shaft portion of said

6. T lamp of claim 5 wherein said second ghaft portion of
said r:[ary motor is cemented to said blower means.
7. A microwave powered electrodeless lamp comprising,

a | bulbk ceontaining a discharge forming £ill which is
supported by a bulb stem for rotative motion about an axis of
rotation,

microwave power generating means for Providing micrawavéi
power which is coupled to the £ill in said bulb,

rotary pump means for providing cooling ligquid to said
microwaye power generating means, said pump means having an axis

el retation which is substantially coincident with the axis of

rotatie

bulb and said pump means about said substantially coincident axes

of reotation.

8. The lamp of claim 7 wherein said rotary motor has first and

sacond

extend in oppesite directions, said first shaft portion being

coupled

coupled

CA 02244169 1998-07-24 PCT/US 97,0110 -3
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an_integral unit.

of said bulb, and
otary motor for imparting rotative motion to both said

haft portions which are substantially co-linealr but

to said bulb gtem and said second shaft portion being

to gsaid rotary pump means.

lHierowave powered electrodeless lamp comprising,

AMENDEB SHEET
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bulb containing a discharge forming £ill which im

suppcrtéd by a bulb stem for rotative motion about an axis of

rotatio

’

microwave power generating means for providing microwave

power which is coupled to the £ill in said bulb,

me

include

s for providing cooling gas directed at said bulb which

a rotary compresgor as the source of said cooling gas,

said rotary ocompreasor hnv;ng an axis of rotatien which is

substantially coincident with the axis of rotation of said bulb,

and

& rotary motor for imparting rotative motion te both gaid

bulk and

said compressor about said substantially coincident axes

of rotation.

i0. Th

second

lamp of claim 9 wherein said rotary motor has first and

haft portions which are substantially co-linear but

extend in opposite directions, said first shaft portion being

couplied

couplad

il. A m

to said bulb stem and said mecond shaft pertion being

to said compressor means.

lierowave powered electrodeless lamp comprising,

bulb containing a discharge forming £fill which is

supported Ly a bulb stem for rotative motion about an axis of

rotation
mic
Power wh

£ix

r

[ rowave power generating means for providing microwave
lich is coupled to the £ill in said bulb,

st rotary blower means for providing cooling air to said

microwa\}e PoOwer generating means, said rotary blowexr means having

- AMENDED SHEET




CA 02244169 1998-07-24 ECT/US 9 7/01 10 ?
s IPEAUS1 0 FEB 199¢
=x6

75 an axis of rotation which is substantially ceincident with the

76 axis of rotation of said bulb,

77 = cczild rotary blowex means for Providing cooling air to said

78 bulb, said second rotary blower means having an axis of rotation
/’79 which is substantially coincident with the axig of rotation of

80 said bulb, and

81 2 rotary motor for imparting rotative motion to all of said

82 bullb, aicd first rotary blower means and psaid second rotary

83 blower | means about gaid substantially coincidaﬁt axes of

84 rotatiagn.

85 12) A microwave lamp comprising, =

86 a |bulb containing a discharge forming f£ill, means for

87 providing microwave power which is coupled to said bulb to excite

88 said filll, a blower which dcgs not ineclude a blower housing but

89 which consists of an impeller means for taking in cooling air and

80 emitting said cooling air as it rotates, a lamp housing which

951 enclose said impaller means and said means for providing

32 microwave power, and means for rotating said impeller, whereby

93 as said| impeller rotates said lamp housing is pressurized and

94 said copling air flows over said means for providing microwave

85 power.

96 13) An|integral unit made of parts which are not detachable from

57 each other comprising,

98 a hulb containing a discharge forming mudiu.m,

29 2 hulb stem secured to the bulb, and

Tt T AMENDEB SHEET
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a rotary motor having a shaft which iz undetachably secured

to said| bulb stem.

1la) The unit of claim 13 wherein said bulb stem ig hollow and

said motor shaft is glued in said bulb stem.

15) The unit of claim 13 wherein said motor shaft is hollow and

said bulb stem ism glued in said moter shaft.

16) The unit of claim 13 further including & blower wherein said

shaft ig secured to the bulb stem at or near one end of the shaft

-
and is undetachably secured to said blower at or near the other

end of tthe shaft.
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