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disposed within an elongated, substantially rigid enclo-
sure, the enclosure mounting a plurality of power con-
nectors at spaced-apart locations; and a trigger for vari-
ably controlling the average power supplied to the lamp
load, the trigger responsive to at least a first input con-
dition corresponding to a desired average power to be
supplied to the lamp load and having at least one output
coupled to the semiconductor power controller so as to
determine the power condition of the semiconductor
power controller, wherein a plurality of the dimmer
enclosures are adapted to detachably mechanically en-
gage the elongated enclosure, to provide a power inlet
connector coupling with at least one of the power con-
nectors of the elongated enclosure upon proper me-
chanical engagement of the elongated enclosure by the
dimmer enclosure, and providing a power outlet con-
nector suitable for coupling the power output to the
lamp load.

10 Claims, 19 Drawing Sheets
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INDUCTORLESS CONTROLLED TRANSITION
AND OTHER LIGHT DIMMERS

This application relates to lighting control, and more
specifically to controlled transition light dimming appa-
ratus and to dimmers designed to be distributed in prox-
imity to the fixtures they control. It represents a con-
tinuation-in-part of U.S. patent application 943,381,
filed Dec. 17, 1986, now U.S. Pat. No. 4,823,069, a
continuation-in-part of application 640,978, filed Aug.
15, 1984, now U.S. Pat. No. 4,633,161, included in their
entirety by reference, and contains additional material
in Disclosure Documents Nos. 213965, 213971, 215867
and 215941.

The production of stage shows, concerts, and televi-
sion broadcasts is a major industry. These entertainment
products demand dramatic and effective lighting, and
with it, the control of fixture intensity, which has long
been afforded by varying the average power supplied to
the lamp using thyristor-based phase control dimmers as
described in U.S. Pat. No. 3,397,344, _

Lighting such productions also requires distributing
the fixtures to a variety of spaced-apart locations in a
theater, studio, or auditorium

In permanent installations, fixtures may be used at
fixed and moveable positions over and on either side of
the stage; at stage level; and at various positions in the
auditorium including the ceiling, the balcony fronts,
and along the side walls. Enough electrical outlets must
be provided at each of these positions to accomodate
the maximum number and wattage of fixtures which a
given production might wish to use. This requires the
construction of semi-custom electrical connector strips
and outlet boxes that provide connectors of the appro-
priate type and number; their mounting at the fixture
positions; and their connection to a centralized dimmer
bank using large numbers of discrete conductor pairs
encased in wireways or conduit.

While no one production will connect fixtures to
every outlet at every position, a permanent facility must
provide dimming capability at every one. There are two
methods of achieving this object.

One method is to install a number of higher wattage
dimmers at least equal to the largest anticipated require-
ment for any single production (although less than the
total wattage of all installed outlets/circuits), and to
provide a means to selectively connect or “load-patch”
to the appropriate dimmers only those outlets/circuits
actually required. Such patch panels are large; expen-
sive both to build and install; and complicate the opera-
tion of the system. This method has therefore fallen into
disuse.

The presently preferred method, “dimmer per cir-
cuit”, installs a number of dimmers equal to the number
of circuits; permanently connects each circuit to an
associated dimmer; and performs all “patching” at the
low-voitage control signal level. This method has the
benefit of eliminating the requirement for a load patch
panel, but has the disadvantage of requiring very large
numbers of dimmers. This presents interrelated mechan-
ical and thermal problems, as reducing both the size and
the cost of the dimmer banks requires limiting the size of
the dimmer rack, which is at odds with the requirement
of dissipating the thermal losses of thyristors and
chokes. As a result, high-volume forced air cooling of
the racks is employed, with the audible noise that re-
sults. The audible noise of both the dimmer chokes and
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of the cooling fans requires isolating the racks, fre-
quently in a room distant from the point of use, increas-
ing the total installed cost of the lighting system.

Both methods are particularly inefficient in television
studios where many hundreds of outlets may be in-
stalled although only a fraction may be in use at any one
time.

Further, while such systems provide large numbers of
outlets at the fixture mounting positions that are suitable
for the control of conventional fixtures in intensity only,
in practice, they seldom provide for the direct supply of
power to fixtures that need not—or should not—be
connected to the output of a phase-control dimmer,
such as ballasted fixtures employing gas discharge light
sources.

Nor do such systems provide for the distribution of
either undimmed electrical power or of control signals
to motorized fixtures or fixture accessories (such as
known color changers) or to “automated fixtures” such
as disclosed in U.S Pat. No. 3,845,351. As a result, use of
such equipment has required the stringing of additional
temporary cables from a source of suitable electrical
power and a distribution point for control signals to
each fixture or accessory; complicating the setup of the
lighting system; increasing the potential points of fail-
ure; and requiring additional manpower and time,
which offset the purported time and labor-saving ad-
vantages of the use of such equipment. As no standard-
ization of such portable cables currently exists, even
were a facility to festoon its system with such cables to
provide for the use of such equipment, there is no guar-
antee they would suit the products actually used.

For temporary installations, portable cables have
been used to connect the lighting fixtures with the dim-
mers. Traditionally, two- and three-conductor rubber
jacketed cables have been employed, one cable for each
circuit (and frequently for each fixture) Groups of six to
twelve cables are taped together in “bundles” to sim-
plify handling. This approach has the benefit of econ-
omy and flexibility as the number of cables and their
lengths and connector spacings can be altered to suit,
but it has the disadvantage of producing very large and
heavy bundles which are time-consuming to prepare
and to handle. As a result, professional touring systems
have increasingly employed cables having eighteen to
thirty-seven conductors, allowing a single cable of mod-
erate size to carry six to twelve circuits, the cables
frequently terminated with multi-pole connectors to
further reduce system setup time, but such “multi-
cables” produce a dramatic increase in the capital cost
of the lighting system. :

Further, when the temporary lighting installation
provides the supporting structure from which the fix-
tures hang (such as a “truss”), the limitations on the
number of fixtures which can be accomodated by the
structure itself tend to stabilize the number of fixtures
employed, allowing the design of a muiti-cable system
whose circuits are fully utilized by most productions.
By contrast, in more theatrical applications where the
number of fixtures per position and their spacing varies
markedly from production to production and within a
production itself, only a portion of the circuits in a
multi-cable may be employed, representing wasted cap-
ital and setup labor.

Similarly, the use of motorized and automated fix-
tures and fixture accessories in portable systems has
typically required a variety of cable and connector
types incompatible with each other and with the cabling
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and connectors used for the dimming of conventional
fixtures.

It has long been apparent that many advantages
would follow if the dimmers themselves could be dis-
tributed in proximity to the fixtures they control. In
permanent installations, no elaborate system of discrete
conductor pairs need be installed between the lighting
positions and a dimmer room, indeed the dimmer room
itself would no longer be required. In temporary instal-
lations, the number of conductors between the lighting
position and the centralized portions of the system
could be dramatically reduced, and with it the size and
cost of the cabling system.

Many methods of achieving this object have been
proposed: mounting a dimmer within the fixture hous-
ing or on the fixture yoke; to the mounting position; in
small groups in a common enclosure at the mounting
position with jumpers to the fixtures; in the distribution
raceway; or in a distribution raceway which also serves
as the mounting position Yet, despite the long-felt need
for distributed dimming, none of these methods has
come into significant professional use, in no small mea-
sure due to relevant disadvantages of the thryistor-
based phase control dimmer.

In such dimmers, the thyristor turns on in approxi-
mately one microsecond, producing a step voltage.
transition equal to the instantaneous line voltage This
voltage step produces a large current step in the at-
tached load. The combined effect is a burst of electro-
magnetic energy rich in harmonics from audio frequen-
cies all the way into the commercial radio frequencies.
Both high and low frequency components of the EMI
noise spectrum propagate through the power wiring,
while the high frequency components also radiate from
the conductors themselves. The resulting electromag-
netic interference has a variety of undesirable effects on
other electronic equipment, notably sound amplifica-
tion, radio, and video equipment, the precise nature and
severity of those effects determined by a complex mix of
variables.

This pulse also produces a magnetostrictive contrac-
tion of the connected lamp filament inducing vibration
which causes audible noise and decreases lamp life.

For this reason, the power stages of prior art elec-
tronic dimmers incorporate a magnetic inductor or
“choke” to reduce the rate of current change, increas-
ing the voltage rise time. Increasing rise time decreases
both the total EMI power generated and attenuates the
higher frequencies.

For any given choke design it is axiomatic that the
longer the rise time and the better the EMI suppression
the larger and heavier (and hence more expensive) the
choke. However, as a choke controls only the rate of
current change, the voltage rise and hence noise spec-
trum is highly load dependent.

Further, as the choke does not affect the rate of thy-
ristor turn on, there is still a step voltage transition
present in the conductor between the thyristor and
choke. Although this transition does not reach the load,
it results in radiated interference, particularly if the
choke has been mounted remotely from the thyristor to
ease mechanical design problems.

Finally, an ideal choke would provide increasing
attenuation with frequency. However, the chokes em-
ployed in most prior art dimmer designs have, due to
cost considerations, had fairly high shunt capacitance
and/or types of core materials which result in signifi-
cantly less than ideal high frequency attenuation.
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In sum, because the addition of a choke to prior art
dimmer power stages has no effect on the step voltage
transition of the power device, an EMI noise spectrum
far greater than that predicted from the circuit’s rise
time will result.

In a professional dimmer, the weight of the choke
may exceed that of all the electronic components com-
bined. Choke weight is therefore a significant impedi-
ment to the distributed dimmer due to the undesirable
increase in weight at the fixture position. This weight
also requires substantial mounting provisions, increas-
ing both the cost and complexity of the dimmer’s me-
chanical design.

The choke also represents the largest single compo-
nent in a professional dimmer, and, in distributed dim-
mer applications, dramatically increases the size of the
enclosure, with a variety of practical disadvantages,
including obstructing access to the fixture and/or the
full horizontal or vertical travel of a standard fixture on
normal mounting centers; and/or incompatibility with
existing support structures and shipping cases.

Chokes waste electrical energy in the form of heat as
a result of both I?R and core losses. This heat genera-
tion restricts the density of dimmer packaging; affects
associated wiring and components; and requires airflow
for cooling. However, unlike semiconductor packages,
the efficiency of choke heat transfer to the ambient
cannot be significantly improved with techniques like
heatsinking in order to increase packaging density and-
/or reduce operating temperatures. Choke heat loss
therefore complicates the design of a distributed dim-
mer, particularly given the elevated ambient tempera-
tures which may be found in proximity to the fixtures
and the inability to use forced-air cooling for reasons of
both cost and audible noise.

Chokes so frequently suffer from magnetically-
induced vibration at certain phase angles, which, with-
out careful isolation, produces audible noise which can
distract the audience or be detected by sound recording
equipment. This isolation, of course, is often at odds
with the requirement for proper cooling.

Certain choke designs can also generate strong mag-
netic fields which have undesirable effects on nearby
electronic equipment.

Thyristor-based phase control dimmers also suffer
from other disadvantages in dimmer-at-lamp applica-
tions.

The specialized bulbs employed in performance light-
ing fixtures do not incorporate internal fusing and, on
failure, can draw hundreds of amperes through the
dimmer. Similarly, shorts in fixtures, wiring, or connec-
tors can draw equally large amounts of current through
the dimmer before a supply circuit breaker can open.
The semiconductors employed in any professional elec-
tronic dimmer must be inherently capable of withstand-
ing such inrush currents or be provided with the addi-
tional means to do so. The employment of high-speed
fuses to protect devices has the additional disadvantages
in distributed applications of increasing the size, weight,
and cost of the dimmer enclosure; adding the nuisance
and expense of fuse replacement for the user; and of
producing a service point requiring access to the fix-
ture.

SUMMARY OF THE INVENTION

The instant application relates co controlled transi-
tion dimmers, as disclosed in the parent application,
now U.S. Pat. No. 4,633,161. The operation of such
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dimmers may be better understood by reference to FIG.
1A, a block diagram.

Like prior art phase-control dimmer power stages,
the controlled transition power stage employs a semi-
conductor power controller means 419 series-con-
nected between an input 401 from the AC mains supply
and a lamp load 499.

Unlike most prior art dimmers, a controlled transition
power stage employs semiconductor devices capable of
modulating the voltage or current supplied to load 499
under the active control of their gate voltage or current.

The employment of such devices per se is neither
novel nor does it lead directly to significant benefits.
The active gate control afforded by such devices does
allow electronic current-limiting and FIG. 1A accord-
ingly illustrates the combination of a current sensor 451,
current limiting circuit 453, and clamp 455.

A practical controlled transition power stage
achieves such benefits with the addition of a third ele-
ment in combination with the power devices 419 and a
triggering circuit 404. This third element is illustrated as
a transition control means 406 interposed between the
output 403 of drive circuit 404 and the gate input 420 of
devices 419.

When the output of drive circuit 404 turns on, it does
so instantly. At the output of transition control means
406 it slews from off to on at a slower rate, established
by the circuit’s design as 300-700 microseconds. Ac-
cordingly, the output devices 419, which accept the
output 408 of transition control means 406 as their gate
input 420, do not turn on instantly, but slew from zero
load voltage or current to full conduction over a period
on the order of 300-700 microseconds. The power stage
thus controls the transition between conduction and
non-conduction to produce an output waveform similar
to a properly filtered prior art phase control dimmer
without the use of any passive inductor.

The use of such a power stage affords unique advan-
tages in distributed dimming applications:

The elimination of the filter inductor, a prior art dim-
mer’s largest single component permit the construction
of distributed dimmer enclosures whose envelopes may
be adapted to the application. Such.improved dimmer
enclosures obviate one important disadvantage of many
prior art distributed dimmers; their obstruction of ac-
cess to the fixture and/or the full horizontal or vertical
travel of a standard fixture on normal mounting centers,
as well as the difficulties of retrofitting them to present
fixtures, fixture supports, and shipping cases. This re-
duction in volume also results in improved handling
ease, and reduced shipping costs.

The elimination of the filter inductor, a prior art dim-
mer’s heaviest single component, produces a drastic
decrease in dimmer weight. The disclosed controlled
transition dimmer therefore achieves the benefits of
distributed dimming with a minimal increase in weight
at the fixture position, as well as continuing benefits in
reduced shipping costs.

Unlike prior art dimmer designs, this weight reduc-
tion comes at no increase in EMI product or audible
lamp noise.

The elimination of the filter inductor also eliminates a
source of I2R and core losses as a source of voltage drop
at the fixture and of generated heat. While the improved
dimmer of the present invention does produce heat, it is
restricted to the power control devices themselves,
whose transfer efficiency can be improved by known
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6

means, considerably simplifying the dimmer’s thermal
design.

The elimination of the filter inductor also eliminates
the electronic dimmer’s sole source of significant me-
chanical noise and strong magnetic fields, a key consid-
eration in distributed dimmer applications due to the
presense of the dimmer in the performing area.

The elimination of the filter inductor, one of a prior
art dimmer’s most expensive components, effects a sig-
nificant economy in parts cost which is accompanied by
savings in the dimmer’s mechanical costs which follow
from the reduction in complexity, size and weight.

These benefits come without the offsetting disadvan-
tages which have characterized previous alternatives to
the phase control dimmer. The thermal losses of dis-
closed power stage are not significantly greater than
those of an equivalent phase control dimmer and, being
concentrated in the semiconductor devices, may be
more readily dissipated. The power stage is simple both
in design and operation and may be employed with any
known phase control drive circuit with little or no mod-
ification. Further, its rise time is easily selectable or
adjustable over a wide range to suit the requirements of
the specific application.

However, in contradistinction to prior art thyristor-
based designs, the disclosed power stage controls rise
time by directly controlling the turn-on rate of the de-
vices themselves. No step voltage or current transition
is produced, and hence the EMI noise spectrum of the
dimmer is the ideal for a rise time of that duration.

Various mechanical packages for the power stage
will be disclosed, with unique and substantial practical
advantages in distributed applications.

Various improvements to controlled transition dim-
mers will be disclosed, including waveforms and other
features designed to reduce device dissipation.

An improved connector system which allows the
simultaneous connection of power and signal while
maintaining compatibility with prior art power connec-
tors will be disclosed.

Distribution systems for both permanent installations
and portable systems, using a common system to distrib-
ute power and control signals to both dimmers and to
other equipment (including motorized and automated
fixtures and accessories) will be disclosed.

DESCRIPTION OF THE DRAWINGS

FIG. 1A is a block diagram of a controlled transition
dimmer.

FIG. 1B is a block diagram of a controlled transition
dimmer adapted for the use of power devices with an
input voltage/output current relationship.

FIG. 1C is a block diagram of a controlled transition
dimmer with several improvements.

FIG. 1E is an output waveform typical of a conven-
tional phase-control dimmer.

FIG. IF is an output waveform of a phase-control
dimmer with a transition in every other half-cycle.

FIG. 1G is an output waveform of a phase-control
dimmer producing desired average power by averaging
different firing angles in two half-cycles.

FIG. 1H is an output waveform of a phase-control
dimmer producing desired average power by the use of
the techniques of the previous Figures.

FIG. 1I is a symmetrical output waveform with a
transition in every other haif-cycle.

FIG. 1J is another symmetrical output waveform
with a transition in every other half-cycle.
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FIG. 2A is schematic of a controlled transition power
stage reproduced from the prior related applications.

FIG. 2B is a block diagram illustrating an improved
triggering circuit and typical details of a distributable
dimmer system.

FIG. 2C is.a block diagram of one embodiment of a
control signal distribution system.

FIG. 3A is a front elevation of a mechanical embodi-
ment adapted for mounting within the yoke of a fixture.

FIG. 3B is a side elevation of the embodiment of
FIG. 3A.

FIG. 4A is a side elevation of an embodiment adapted
for use as a lamp-supporting clamp.

FIG. 4B is a rear elevation of the embodiment of
FIG. 4A FIG. 5A is a side elevation of a typical prior
art power connector.

FIG. 5B is a front elevation of the power connector
of FIG. 5A.

FIG. 5C is a front elevation of a prior art power
receptacle.

FIG. 5D is a side elevation of the power receptacle of
FIG. 5C.

FIG. 5E is a side elevation of a combined power and
signal connector.

FIG. 5F is a front elevation of the combined power
and signal connector of FIG. 5E.

FIG. 5G is a front elevation of a combined power and
signal receptacle.

FIG. 5H is a side elevation of the combined power
and signal receptacle of FIG. 5G.

FIG. 51 is a side elevation of a signal connector.

FIG. 5] is a front view of an improved power and
signal receptacle.

FIG. 5K is a front view of an improved power and
signal connector.

FIG. 5L is a side elevation of the connector of FIG.
5K.

FIG. 6A is a side elevation of a mechanical embodi-
ment adapted for raceway use.

FIG. 6B is a reverse plan view of the dimmer of FIG.
6A.

FIG. 6C is a sectional view of FIG. 6A.

FIG. 6D is a side elevation of a second variation of a
dimmer adapted for raceway use.

FIG. 6D(a) is a section through a possible embodi-
ment of dimmer enclosure 6-9B of FIG. 6D.

FIG. 6D() is a side elevation of the dimmer enclosure
609B of FIG. 6D.

FIG. 6E is a sectional view of FIG. 6F.

FIG. 6F is a side elevation of a third variation of a
dimmer adapted for raceway use.

FIG. 6G is reverse elevation of the interior of one
side casting of the embodiment of FIG. 6F.

FIG. 6H is a reverse plan view of FIG. 6F.

FIG. 6l is a section through FIG. 6G.

FIG. 6] is a plan view of the casting of FIG. 6F.

FIG. 6K is a section through the casting of FIG. 6F
showing the compartment for electronics.

FIG. 6L is a section through the casting of FIG. 6F
showing the surface for mounting semiconductor
power devices.

FIG. 7A is a front elevation of a fourth mechanical
embodiment.

FIG. 7B is a front elevation of the backbox of the
dimmer of FIG. 7A.

FIG. 8A is a plan view of a mechanical embodiment
adapted for portable theatrical use.
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FIG. 8B is a front elevation of the embodiment of
FIG. 8A.

FIG. 8C is a plan view illustrating one application of
the embodiment of FIG. 8A.

FIG. 8D is a front elevation of FIG. 8C.

FIG. 8E is a section through a second variation of a
dimmer enclosure adapted for portable theatrical use.

FIG. 8F is a section through a third variation of a
dimmer enclosure adapted for portable theatrical use.

FIG. 8F(a) is a detail illustrating an alternate design
for the area of the enclosure 809E of FIG. 8F to which
semiconductor power device 519F is attached.

DETAILED DESCRIPTION

Referring again to FIG. 1A, the drive or triggering
circuit 404 may be analog open loop; or, with the appro-
priate sense input analog fed-back (as disclosed in U.S.
Pat. No. 3,397,344); or digital (as disclosed in U.S. Pat.
No. 4,241,295).

The means to control the tramsition, illustrated as
transition control means 406, may comprise a separate
hardware circuit, whether analog, digital, or a software
function; or it may be partially or fully integrated into
the triggering circuitry or the device drivers.

Similarly, the output devices, illustrated as power
controller means 419, may be of any known type suit-
able for the purpose. ’

Such devices must satisfy certain basic requirements
Foremost is the ability to withstand the high instanta-
neous power dissipation which is characteristic of the
power stage’s operation, for while the thermal load is
relatively modest if averaged across the half-cycle, it is
concentrated in the transition period.

Given both suitable instantaneous and average power
ratings, devices are then selected on the basis of drive
characteristics, protection characteristics, and conduc-
tion losses.

Over the longer term, the use of devices fabricated on
silicon carbide or diamond film will be attractive, in that
they permit far higher operating temperatures, permit-
ting the use of substantially smaller heat sinks.

Refer now to FIG. 1B, a block diagram of the im-
proved dimmer of the present invention adapted for the
use of devices having an input voltage/output current
relationship, such as field effect devices. Parts with the
same function in FIG. 1A are identified with the same
reference number.

The input voltage at the gate of a field effect device
controls its output current. Therefore, for a given input
voltage in the device’s linear region, the actual voltage
at load 499 is a factor of the impedance it presents,
which varies with the number of filaments connected
and their temperature. This mechanism has no effect on
the dimmer when off or in full conduction, but during
the transition period it results in variations in the dura-
tion of the transition with variations in the load imped-
ance—and as such, undesirable variations in average
power, audible lamp noise, and thermal losses in the
devices.

Although dimmers with overall feedback in the trig-
gering circuit (such as disclosed in U.S. Pat. No.
3,397,344) compensate for the effect on average power,
they do not correct for the variation in the duration of
the transition, and with it, variations in audible noise
and thermal losses.

Preferably a controlled transition power stage cor-
rects this variation by controlling the rate at which
voltage rises (or falls) during the transition. This object
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may be achieved by the use of a semiconductor power
controlling means with an input voltage/output voltage
relationship (such as a power transistor in an emitter-
follower relationship). Where devices having an input
voltage/output current relationship are employed,
means for this correction is required, illustrated in FIG.
1B as a transition feedback circuit comprising differen-
tial amplifier 421 interposed between transition control
means 406 and the gate input 420 of the power devices
419, accepting as its second input, the dimmer output
voltage via conductor 412 and feedback network 414.
Feedback network 414 shapes, rectifies, or attenuates
~ the load voltage derived from load 499, as may be re-
quired Some embodiments will provide two means
analagous to amplifier 421 and network 414, one pro-
vided for each half-cycle. The actual output voltage
produced by the interaction of the current resulting
from a given gate input voltage with the impedance of
load 499 is compared with the desired value, and the
gate input voltage corrected accordingly. Such a power
stage is therefore capable of maintaining the same dura-
tion of transition at each phase angle and as such, consis-
tent curve, audible noise, thermal losses and EMI sup-
pression despite variations in load impedance.

The gate voltage/output current relationship of field
effect devices also permits limiting output current by
limiting maximum gate input voltage. Accordingly,
FIG. 1B illustrates zener diode 423 as clamping maxi-
mum gate voltage.

The parent applications U.S. patent application No.
943,381 and grandparent application U.S. patent appli-
cation No. 640,978, now U.S. Pat. No. 4,633,161, in-
cluded in their entirety by reference, disclose suitable
circuits in detail.

Long Time Current Limit

The dissipation limiting circuit and gate clamp illus-
trated in FIG. 2A of the grandparent application, now
U.S. Pat. No. 4,633,161, serves to protect the power
devices from fault conditions caused by abnormally low
impedance, but steady state overloads such as may be
produced by plugging a 2000 watt lamp into a 1000 watt
rated dimmer may not cause them to trip. While a cir-
cuit breaker or conventional fuse may be employed,
they serve to increase the size, complexity, and cost of
the dimmer Nor are they remotely or automatically
resettable. Accordingly, it is desirable to employ are
long-term current limiting method for such eventuali-
ties. Because the dissipation of a controlled transition
dimmer is greatest near a 90 degree conduction angle,
limiting the RMS or average current will not necessar-
ily limit dissipation to a safe value. Therefore, this
“long-term current limit” should provide due weight to
the peak current, or to a current measurement taken in
the second half of each half-cycle (or the first half, in
the case of a “turn-off’” dimmer).

Improved Triggering Circuits

Refer now to FIG. 2B, where an improved triggering
circuit particularly suited to distributed dimming appli-
cations is illustrated.

All phase control dimmers require a triggering circuit
that functions as a timer whose delay between zero-
crossing and triggering the change in state of the power
device is determined by the desired average power
setting (as represented by a corresponding value present
at its control input).
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Most prior art dimmers have employed analog cir-
cuitry for this function, but the performance of such
circuits is frequently dependent upon not just circuit
design but component variations and temperature.

Many dimmers (such as that disclosed in U.S. Pat.
No. 3,397,344) have employed negative feedback to
reduce such variations, but classical feedback triggering
circuits have an inherent “curve” or family of control
input value/output power relationships that is less than
ideal. There has therefore been a tendency to modify
such circuits to produce a more desirable curve, at the
cost of stability.

Prior art analog triggering circuits, whether open-
loop or feedback, have proven difficult to design well
and require regular adjustment if consistent response is
to be maintained, both from month-to-month and from
dimmer-to-dimmer. Such consistency has become more
important with the transition to dimmer-per-circuit,
because the lamps on a common control channel are on
separate dimmers, which emphasizes any discrepancies
between them in response.

The “digital” dimmer, as generally disclosed in U.S.
Pat. No. 4,241,295, is theoretically simple to design,
immune to component variations, and capable of repro-
ducing any “curve” with total consistency. Several
drawbacks have, however, become apparent. One is the
difficulty of providing a line regulation scheme which
compensates for real-world distortions in the AC wave-
form, and hence total power. Overall negative feedback
compensates for such variations, but while relatively
simple to provide in analog circuits, such feedback (or
an equivalent feedforward function) is far more com-
plex to implement in digital ones.

Digital triggering circuits also have higher parts costs
than analog schemes, and therefore have generally been
restricted to applications where a single triggering cir-
cuit can be shared by as many as twenty-four power
stages.

A distributed dimmer system places a premium on
triggering circuits which are simple in design, cost-effi-
cient in single dimmer applications, are fully line-
regulated, require little or no adjustment, and are highly
consistent in response. FIG. 2B illustrates a “precision
analog” triggering circuit meeting these objectives.

FIG. 2B illustrates a dimmer enclosure 199, contain-
ing one or more power stages comprising a power con-
troller 419 with an associated transition control means
406.

The transition control means 406 accepts a phase
control input via 403 from triggering means 404, which
is illustrated as accepting an input via 4041, correspond-
ing to a desired average power to be supplied to lamp
load 499, and as responsive to the zero-crossing of the
alternating current waveform detected via 404E

Improved triggering means 404 is illustrated as com-
prising a phase angle converter 404A which determines
the relationship between the desired average power
condition at input 4041 and the firing angle supplied to
the power stage In a known manner, negative feedback
(here illustrated as a differential amplifier 404B) is used
to minimize the effects of variations in both input power
and dimmer performance by comparing the desired
value with actual dimmer output as sensed via 412, and
by advancing or retarding the phase angle as required.

Unlike prior art dimmers, the dimmer of the present
invention maintains a closed loop gain of greater than
10 over its entire range of adjustment. This has the
effect of greatly increasing the stability of dimmer per-
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formance over prior art, although it produces a less
desirable “curve”. This is corrected by deliberately
distorting the control signal to the dimmer input 404,
such that the characteristic response of the feedback
network restores the input value/output voltage rela-
tionships to the desired “curve”.Many methods of per-
forming this correction are possible. Here a curve cor-
rection means 404F, comprising an EPROM lookup
table, is inserted in the input at the digital level, al-
though such correction can be performed, less desir-
ably, at the analog level.

In contrast to prior art designs, which limit closed
loop gain and modify feedback network operation to
maintain an acceptable “curve” at the cost of stability,
the improved triggering means of the present invention
uses unusually high closed loop gain to produce stabil-
ity, and achieves the previously contradictory object of
an acceptable curve by compensation outside the feed-
back network.

Further, prior art triggering stages have employed a
network 414B which produces a DC voltage approxi-
mately related to (and therefore stabilizing) average
voltage at the lamp. Lamp brightness is, however, de-
termined by RMS voltage The relationship between
average and RMS voltage varies with changes in wave-
form shape produced by changes in firing angle, and
therefore such dimmers cannot maintain stable lamp
brightness with changes in line voltage. The use of a
network whose output is related to RMS voltage pro-
vides the basis for more accurate regulation, but the
characteristic output of such circuits would produce an
unacceptable “curve”. The use of such an RMS net-
work 414B in combination with the disclosed precom-
pensation technique permits the significant improve-
ment in dimmer regulation produced by RMS voltage
sensing, while maintaining an acceptable curve.

FIG. 2B further illustrates a typical application of
such a dimmer in a distributable embodiment.

AC mains supply 171 is illustrated as supplying at
least one multiple-phase branch circuit distribution pan-
elboard 173, including circuit breakers 175 providing
overcurrent protection for a plurality of branch circuits.

Distribution panelboard 173, which may be perma-
nently installed in a facility or designed for portable use,
provides for the connection of branch circuits, whether
by permanently-installed raceways and conduits or by
means of portable cables (such as 180) and connectors
(such as panelboard receptacle 176, and cable connec-
tors 177 and 178). Such cables and connectors may be
single circuit or, as illustrated, multiple circuit. Branch
circuits are provided for a plurality of dimmer enclo-
sures 199 at spaced apart locations, each in proximity to
at least one controlled fixture. The design of such enclo-
sures may allow for plugs or inlets for power (such as
179, 621 of FIG. 6A, and 753 of FIG. 8C); outlets for
lamp loads (such as 181, 211 of FIG. 6B, and 211A-C of
FIG. 8B); and feed-thru outlets (such as 180, and 752 of
FIG. 8A) to permit parallelling additional dimmers/en-
closures to the same branch circuits.

It will be understood that many applications will
involve multiple levels of branch circuit distribution. It
will also be understood that a distributed dimmer enclo-
sure may incorporate some level of branch circuit distri-
bution itself, for example, from a 20 or 30 Ampere sup-
ply conductor to two or three 1000-watt rated dimmers.

Local potentiometers can be mounted on or located
near the dimmer enclosure, but typically the system
provides at least one known lighting control console
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150 to specify the desired average power to be supplied
to each of a plurality of controlled fixtures, and hence
their intensity, together with a means to couple the
output condition of the console 150 representing the
desired average power for a dimmer with the input 4041
of its triggering circuit 404.

This means to couple may take one of several forms,
each well known in the art.

A discrete parallel output 151P of lighting console
150, typically an analog voltage varying between 0 and
10vDC, may be supplied to each dimmer or group of
dimmers responsive to that given output.

A serial output 151S of lighting console 150, either
analog or digital (e.g conforming to the serial standards
of the United States Institute of Theater Technology,
New York, New York), may be supplied to all dimmers,
each dimmer or group of dimmers employing a multi-
plex decoder 160 which is set for its own address to
recognize the appropriate desired average power value
in the serial data stream.

Separate cables and connectors may be employed for
power and signal or common connectors and/or cables
employed.

Alternatively, a serial output of lighting console 150
may be supplied to known power line communications
transmitter 155, which impresses a coded data stream on
the AC supply 171 via outputs 156X-Z. Known detec-
tor circuitry 157 at the dimmer strips the data from the
powerline for demultiplexing. The widely-employed
“BSR” system sends commands which increment or
decrement the desired average power values held in a
register at the addressed dimmer. The actual desired
average power value may also be transmitted.

Preferably, a common integrated circuit or package,
together with switch 160S and diodes at the input 4041
to triggering circuit 404 permit the dimmer to accept
parallel, serial, or powerline signal inputs.

Inexpensive power line communications hardware
places severe limits on maximum baud rate Due to this
limited baud rate, neither system is suitable for most
professional applications because the time required for
each dimmer adjustment makes it impractical to execute
“cues” in which large numbers of dimmers transit from
old to new values in apparent simultaneity.

If, however, a short-term memory means is provided
at the dimmer, such that a plurality of desired average
power values can be stored, each referenced to an iden-
tifying “preset” or “cue” number, then the output of
that number by the lighting console 150 over the power
line communications transmitter 155 could cause an
unlimited number of dimmers to transit to new values
simultaneously, well within the limited baud rate of the
system.

Refer now to FIG. 1C, a more detailed block diagram
of a dimmer incorporating various of these improve-
ments.

At the core is a simple, known open-loop phase con-
trol triggering circuit 404A that accepts an analog volt-
age at its input and produces a change in the state of its
output at the desired firing angle.

This triggering circuit is part of a feedback loop
formed by differential amplifier 404B that compares the
input value with the dimmer’s output voltage.

This feedback loop has a high gain—in excess of 10:1,
the advantages of which have previously been de-
scribed.

A RMS-to-DC converter 414B may be placed be-
tween the input to the differential amplifier 404B and
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the dimmer’s AC output so that the feedback loop stabi-
lizes RMS voltage, the advantages of which have also
previously been described.

A byproduct of the simple triggering circuit 404A,
the unusually high network gain, and the sensing of
RMS voltage is an undesirable “curve‘.

As previously described, this can be corrected with-
out the prior undesirable compromise of the efficacy of
the feedback loop by performing a curve correction
external to that feedback loop.

In the embodiment of FIG. 2A, the digitally-
expressed desired intensity value produced by the con-
trol console may serve as an index to a lookup table that
contains a second value corrected for the effects of the
feedback network. This corrected value is supplied to
the dimmer.

It will be apparent that such a correction table,
(which requires only 256 1-byte values) can be used not
just to correct curves but, as there is no limit on the
degree of correction, to change them.

The result is a dimmer triggering stage having a very
low level of electronic complexity, and thus which can
be provided on a one power stage/one triggering stage
basis.

The dimmer’s unusually high level of feedback can
produce stability that had previously been limited to
more complex processor-based ‘“digital” dimmers,
while offering the “curve on a chip” feature tradition-
ally limited to such digital dimmers as well.

However, the disclosed dimmer has an ability to
compensate for “real world” variations in the AC sup-
ply that recent dimmers that share a single triggering
stage among multiple power stages—and particularly
“digital” dimmers—have found it difficult or impossible
to provide.

“Feedback” as to the actual state of the power output
of a dimmer has traditionally been expensive to provide,
even in analog dimmers, because of the requirement for
voltage isolation between line voltage and the low volt-
age at which the triggering stage operates. This requires
the use of a step-down transformer between the input to
the triggering circuit and the line voltage output of the
dimmer, which adds significantly to both the size and
the cost of the dimmer triggering stage.

It was the size and cost of this feedback transformer
which, grating against the “value engineering” require-
ments of high-density dimming, was one factor in the
abandonment of fully feedback operation by many re-
cent dimmers—an action that proved to have been pre-
mature. :

An interim solution to the problem of voltage isola-
tion has been the use of capacitors to provide some
measure of such isolation, but has not proved an entirely
satisfactory one. i

Another difficulty with triggering circuit design has
been the requirement for low-voltage power supply to
it. As the triggering circuit must be isolated from the
AC line and operate at low voltages, a DC power sup-
ply is required for its active electronics. This, in turn,
required another step-down transformer in traditional
dimmer design, one that further increased the size and
cost of triggering stage electronics. In some systems,
DC power supplies were shared among multiple trig-
gering circuits, and the reduction in the number of
power supply transformers was a not-inconsiderable
benefit of centralized triggering circuit designs.

FIG. 1C illustrates how a fully-fedback individual
triggering stage can be provided for each power stage
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without the previous requirement for either a feedback
transformer or a power supply transformer.

Prior art triggering stages placed the voltage isolation
barrier between the control system and the AC power
line at the interface between the triggering stage and the
power devices; first with pulse transformers and subse-
quently with optoisolators.

By moving the low-voltage/high-voltage barrier to
the input instead of the output side of the triggering
circuit, the triggering circuit’s electronics can be al-
lowed to float at or near line level. This permits the
feedback system to be coupled to the AC output of the
dimmer and the active electronics to be supplied with-
out the requirement for a transformer for either func-
tion, at a very significant decrease in the size, weight,
and cost of the triggering circuit.

There are several methods of performing that isola-
tion at the input side of the dimmer’s triggering stage.

One of the simplest is opto-isolation, which can be
readily employed as most professional dimmers can
accept a digital input.

FIG. 1C illustrates a dimmer whose input value, sent
by an LED, is received by photodetector 160I. That
value is held by register 162R, and converted to the
analog input voltage to the triggering stage by D/A
converter 162D.

FIG. 1C also illustrates that processor 400A can be
used in the overall design of the dimmer. While such a
processor can be employed, it has been seen that it is not
necessary for any of the functions previously described.
However, if provided, it can serve several functions,
one of which would be the servicing of a serial input,
and another the curve correction function.

In the latter case, the processor’s Curve Correct
Store 400X holds the value corrected to produce the
desired “curve”.

Although many of the previously-described tech-
niques can be used with inductively-filtered power
stages, the power stage illustrated in FIG. 1C is of the
“controlled transition” type.

The output of the triggering stage is provided to a
transition control section. This includes a ramp genera-
tor 406A that is responsible for producing a transition
with the desired profile. That profile or the values re-
quired to calculate it are stored in Ramp Profile Store
400Y and provided by the processor to a buffer store
406R. Upon the state change at the output of the trig-
gering stage, ramp generator 406A produces a transi-
tion of the semiconductor power devices 419 between
their non-conductive and conductive states having the
specified profile. Current sensor 451C and comparator
421 form a second feedback loop that is responsible for
compensating for variations in device performance and
load impedance. Current information will also be used
for current-limiting. )

Because the processor is provided with the desired
intensity value and specifies the transition ramp profile,
the duration of that transition can readily be varied
across the range of possible phase angles to maximize
EMI suppression.

By predetermining the maximum duration allowable
within the dissipation “budget” at each phase angle, and
by programming, for example, a duration multiplier
value indexed to each such phase angle, the processor
or ramp generator can ‘“‘stretch” the specified transition
ramp profile over the maximum allowable duration.

Clearly, these functions can be provided entirely in
hardware without a processor as well.
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It is also possible to vary the shape of the transition
ramp profile over the range of phase angles, either by
means of a correction factor and/or by storing addi-
tional profiles in Ramp Profile Store 400Y, each in-
dexed to a subset of the range of possible input values.

Clearly, the dimmer can also store different profiles
or profile sets for different lamp types. The dimmer can
be “told” which type of lamp is attached by a switch
selection. Or it can be told over its digital input from the
console, for example, by a lighting database program.

But different filaments, by virtue of their different
thermal masses and designs, have different responses to
current, and so, by providing the current sense informa-
tion developed by sensor 451C to processor 400A via
A/D converter 453A and register 453R, processor can
“stimulate” the connected load and observe its response
via current sensor 451C. By comparing its observations
with stored data for different lamp types, the processor
can determine which lamp type is connected and so
choose the appropriate transition ramp profile automati-
cally. :

With the presense of a microprocessor and the cur-
rent sensing feature as well as other status information,
the dimmer can make many determinations about the
status of both itself and the connected load useful for the
controller and user to know. For this purpose, an inex-
pensive power line carrier chip 157 is provided for
low-speed status queries and reports over the AC sup-
ply wiring Other means may be employed.

Preheat is employed to reduce the range of variations
in the impedance of the connected filament(s), and with
it, in the current demands on the semiconductors. This
preheat function can be provided with a time-out to
conserve power and/or turned off when serial transmis-
sions to the dimmer cease.

Use of Asymmetric Waveforms

Controlled transition dimmers impose significant dis-
sipation requirements on the semiconductor power de-
vices they employ The use of unconventional wave-
forms to reduce thermal losses was first suggested in the
grandparent application, now U.S. Pat. No. 4,633,161.
In some cases, the use of asymmetrical waveforms may
permit a reduction in device dissipation.

AC dimmers and other power control apparatus with
asymmetric waveforms from half-cycle to half-cycle
are known. The simplest such dimmer is the skipped
half-cycle design, which has the advantage of switching
only at the zero-crossing. Unfortunately, it also has the
disadvantage of insufficient resolution for professional
use, given the relatively low frequency of the AC sup-
ply. It is, for example, easy to achieve half-power by
skipping alternate half-cycles, but hard to produce 52%
power.

The strategy of dropping entire half-cycles may,
however, be combined with one of attenuating selected
half-cycles as well.

Refer now to FIG. 1E, that of a conventional “turn-
on” phase control dimmer at slightly more than half-
power, and to FIG. 1F, the output of a dimmer produc-
ing slightly more than half-power by permitting the
passage of one entire half-cycle and a small portion of a
second one. The result, when averaged out by the ther-
mal mass of the lamp filament, is equivalent to the more
conventional output of FIG. 1E, but involves only half
the number of transitions, and they at a lower voltage
across the device.
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Achieving such operation is relatively simple, proces-
sor 400A, for example, can consult a lookup table. The
result of the asymmetry of the waveform is a high DC
component in the output and the possibility of flickering
of lamps with low thermal mass.

Another approach to minimizing voltage across the
devices during transitions is to alternate two different
phase angles that average out to the desired value.

The same average voltage produced by the conven-
tional waveform of FIG. 1E could also be produced by
alternating between firing very early and very late in
the half-cycle, as is shown in FIG. 1G. While there is
one transition in each half-cycle, it takes place closer to
the zero-crossing than that of either FIG. 1E or 1F.

The two techniques can be combined, as shown in
FIG. 1H.

This combined technique would produce the desired
average voltage by first, skipping half cycles; second,
“fine-tuning” these gross adjustments by incorporating
partial half-cycles; and, third, further minimizing the
voltage potential across the devices during a transition
by substituting pairs of two partial half-cycles with
greater and lesser phase angles averaging out to the
desired average power.

It would also be possible to use the power device in a
linear mode for selected half-cycles.

However, each of the waveforms of FIG. 1F-1H, by
virtue of its asymmetry, possesses a high DC content,
which prevents its use with ballasted lamps (such as
flourescents) and with fixtures incorporating step-down
transformers (i.e. those employing low-voltage bulbs).
The asymmetrical current demands of a number of such
dimmers may also decrease the efficiency and may
overheat a stepdown transformer supplying such dim-
mers The effects of the DC component on lamp life,
contact arcing, and filament noise are also not clear.

Refer now to FIG. 1I, where a dimmer waveform is
illustrated having the advantage of the reduced dissipa-
tion of FIG. 1F, but providing a symmetrical output. It
will be seen that, for example, by inverting the polarity
of the output waveform of FIG. 1F with each succes-
sive full cycle, that a symmetrical waveform is reestab-
lished, i.e. that half-cycle “a” of FIG. 1I balances half-
cycle “d”. and that half-cycle “b” balances half-cycle
GKC”

FIG. 1J illustrates that, with the use of a reverse
phase-control “turn off” output, the waveform can be
made symmetrical across a zero-crossing, such as that
between half-cycles “b” and “c”. That is, from a setting
of “off”, transitions will advance symmetrically from
the “b/c” zero-crossing through the “b” and “c” half-
cycles. Upon reaching half power, half-cycles “b” and
“c” will be on and half-cycles “d” and “e” will be off.
Increases above half power will advance the “turn-on”
transition through half-cycle “a” and the “turn-off”
transition through half-cycle bd until all four half-cycles
are on.

The same technique of adjacent “turn-on” and “turn-
off”” half-cycles can be used for dimmers varying their
output by means of a transition in every half-cycle.

As noted in the grandparent application, now U.S.
Pat. No. 4,633,161, in some cases, the most efficient
reduction in thermal losses may be produced by a dim-
mer that changes between several different output
waveforms, depending upon the desired intensity value.

Such a dimmer can be produced by a simple exten-
sion of the Curve Correction function by simply provid-
ing a catalog of patterns, indexed to form a range from
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full conduction to none, and incrementing along that
index with a feedback function until the desired voltage
for any given control value is achieved Other, hard-
ware, designs producing the various waveforms illus-
trated will also be readily apparent.

Constant Dissipation Transitions

Prior embodiments have illustrated power stages that
stabilize rise (or fall) time despite changes in the con-
nected load A controlled transition dimmer can also be
built that increases rise time with lower wattages and at
phase angles where its dissipation “budget” permits. In
fact, as the limiting factor on rise time is device dissipa-

tion, one can sense or predict device dissipation and use °

a feedback function to maximize rise time within that
dissipation “budget. Doing so by sensing device tem-
perature has the added benefit of integrating the effects
of the local ambient temperature.

Preheat

The decreased impedance presented by a cold lamp
filament has long been known to produce current in-
rushes which may strain the semiconductor power con-
trolling means. Such semiconductors must be oversized
relative to their normal operating currents (or con-
versely, derated) and/or a current-limiting method be
provided that limits the current let-through in each
half-cycle so that the filament is warmed over a number
of half-cycles to the point at which its impedance has
risen (and current requirements fallen) to acceptable
levels.

‘Both methods have disadvantages. “Over-speccing”
or “under-rating” are cost inefficient. The use of cur-
rent-limiting (or a ramp at the drive stage as disclosed in
U.S. Pat. No. 3,898,516) to gradually warm the filament
produces a delay in response which may be unaccept-
able in some applications.

A means may be provided, however, for preheating
the lamp for the purpose of increasing the power-han-
"dling ability of a given semiconductor by decreasing the
difference between off-state and on-state load resis-
tance.

Such preheat circuits have proven to reduce the on/-
off state resistance ratio from 10:1 to 4:1.

Physical Embodiment of FIG. 3A and 3B

Refer now to FIG. 3A and 3B where a first mechani-
cal package for the disclosed dimmer is illustrated.

The use of a distributed dimmer that is functionally
integral with the fixture it controls has long been a
desirable object, in part because it presents no incre-
mental increase in handling labor. Ideally, the dimmer
would be contained within the fixture yoke, but the
volume of a dimmer filtered to professional standards
would exceed the clearances available between most
production fixtures and their yokes. This would require
the substitution of a custom, elongated yoke which is
less than desirable for a variety of reasons. More com-
monly, dimmers of this type have been attached to the
exterior of the fixture yoke. In this location, they signifi-
cantly reduce the maximum number of fixtures which
can be employed on many types of lighting position, by
increasing the minimum mounting centers. They may
reduce the number of fixtures that can be accomodated
in some types of shipping crate; may hinder access to
the fixture during focusing; and are vulnerable to dam-
age during handling.
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Referring to FIG. 3A and 3B, fixture 301, illustrated
as an ellipsoidial reflector spotlight (such as manufac-
tured by Colortran, Inc., Burbank, Calif.), includes a
formed metal yoke 303 which allows vertical adjust-
ment about an axis through handwheel 305 and bolt 306.
Yoke 303 is, in turn, attached via bolt 311 to the fixture
mounting position, here illustrated as via the stud 310 of
a standard “C-clamp”. Freed of the requirement for a
bulky filter inductor the disclosed dimmer may be ac-
comodated within a housing 309, here illustrated as an
aluminum casting, designed to conform to the interior
surface of yoke 303. Heat sink fins 317 are cast into
enclosure 309, with an interior profile that provides
adequate clearance for fixture 301 in all orientations.
High-temperature lead 321 connects the fixture with the
dimmer, lead 319 connects the dimmer with power and
signal inputs. Additional controls including an address
thumbwheel switch 315, signal indicator, neon pilot
light, and self-test button are provided Housing 309
provides a pass-hole for bolt 311, which is inserted
through both housing 309 and yoke 303 into the inter-
nally-threaded portion of stud 310, mounting fixture
and dimmer in the same operation. Alternatively, a
U-shaped slot may be provided with a well to accept
the bolt head or washer, such that the dimmer can be
removed without requiring that the bolt 311 be com-
pletely removed. Alternatively, the dimmer enclosure
may clip onto the yoke.

The embodiment of FIG. 3A and 3B thus achieves
the long-desired object of mounting a dimmer to its
fixture with none of the disadvantages of prior art units.
For the first time, professional standards of perfor-
mance are achieved with no increase in fixture bulk,
minimum mounting centers, or shipping volume.

Physical Embodiment of FIG. 4A and 4B

FIG. 4A and 4B illustrate a second mechanical em-
bodiment.

As an alternative to mounting a dimmer on the fixture
itself, some prior art distributed dimmer schemes have
employed single-dimmer enclosures which attach to the
same mounting position as the fixture rather than to the
fixture itself The resulting boxy enclosures compete
with the fixtures for location on the pipe or rail and
complicate the mounting and movement of fixtures as
well as access to them.

FIG. 4A and 4B illustrate that the disclosed dimmer
permits an embodiment uniquely capable of conforming
to the mounting position. The dimmer enclosure can be
designed as a substantially cylindrically-shaped collar
that surrounds the pipe from which fixtures are most
commonly hung. Here, the function of the dimmer
enclosure has been further combined with that of the
clamp that attaches the fixture to the mounting position.

Referring to the Figures, the disclosed dimmer has
been installed in a housing 109, here illustrated as fabri-
cated from an aluminum extrusion, which includes the
basic profile of a “C-clamp” which grips steel pipe 127
by tightening bolt 129 in the prior art manner. Stud 310
is provided for the attachment of the yoke 303 of any
lighting fixture, using bolt 311 as previously described.
The external surface of housing 109 is provided with
heat sink fins 117, and some additional sinking may
result from conduction through pipe 127. High-temper-
ature lead 321 connects the fixture with the dimmer;
lead 319 connects the dimmer with power and signal
inputs Additional controls including an address thumb-
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wheel switch 315, signal indicator, neon pilot light, and
self-test button are illustrated.

The disclosed dimmer in the embodiment of FIG. 4A
and 4B thus achieves the desirable object of attaching
the dimmer to the same mounting position as the fixture
with none of the disadvantages of previous methods.
Fixture and dimmer are mounted and moved in a com-
mon operation, with no undesirable increase in bulk at
the position.

Improved Power and Signal Connector

The use of distributed dimmers as illustrated in the
previous Figures requires providing both power and
signal, whether multiplexed or discrete, by means of
portable cables and temporary connections While sepa-
rate cables and connectors can be used for each func-
tion, in many cases it would be desirable to employ a
single connector for both While multi-pole multi-con-
nectors have been employed to distribute both power
and signal in other performance lighting applications,
such connectors are difficult to field install and have no
commonality with industry standard power connectors.

Refer now to FIG. 5A-5I, where an improved con-
nector system for simultaneously distributing power
and signal is illustrated.

FIG. 5A and 5B illustrate a 20A 125VAC grounded
“pin” connector 201 (such as the model 2P&GMC as
manufactured by Union Connector Co., Inc., Roose-
velt, N.Y. 11575) which has long been the standard of
the industry. The connector 201 provides split brass
pins 203 for hot, neutral, and ground. Flexible conduc-
tors such as cable 209 enter the connector body via a
molded-in strain relief, and the individual conductors
are terminated using uninsulated ring crimps.

FIG. 5C and 5D illustrate a mating panel-mounted
receptacle 211 (such as the Model 2 P&GF-FL by the
same manufacturer). Similar cable-mounted receptacles
(such as the model 2P&GFC) are also available.

FIG. 5E and 5F illustrate an improved connector 221
for both power and signal. The power portion of the
connector body duplicates the body of connector 201.
However, a well 225 is added to accommodate an insert
227 mounting pins 223 for the low-voltage signal con-
nection. Such pins could be installed captive to the
body of connector 221, but preferably a removable
insert 225 is employed, and accordingly a retaining
barrier 226 is illustrated. The use of a removable insert
has the benefit of allowing the use of a stock low volt-
age connector insert (such as manufactured by Hyper-
tronics Corp., Hudson, Mass. 01749), reducing the cost
of developing connector 221 to little more than enlarg-
ing the die for the body of connector 201. Further,
different termination techniques may be employed for
the power and the signal conductors, and the termina-
tion operation for the latter performed outside the con-
nector body. While a rectangular insert with three par-
allel pins is illustrated, it will be understood that it may
be desirable to employ a circular “XLR”-type insert
(such as manufactured by ITT Cannon Electric, Santa
Ana, Calif. 92702)

The body of connector 221 is provided with dual
strain reliefs to allow the use of separate power and
signal cables 228 and 229 or a common cable for both
functions.

FIG. 5G and 5H illustrate a mating panel-mounted
receptacle 231 (and, by extension, a cable-mounted
receptacle). A protruding enclosure 235 for the signal
insert 237 is cast into the receptacle body. It will be
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apparent that one benefit of this arrangement is that the
smaller male signal pins 223 can be shrouded by the
body of connector 221 for protection from damage in
handling. It will also be apparent that any improved
connector 221 can be mated with a conventional recep-
tacle 211, and that any conventional connector 201 can
be mated with an improved receptacle 231. Thus, any
cable constructed with the improved connector remains
completely . “downward-compatable” with conven-
tional dimming equipment vastly simplifying the user’s
inventory.

Alternatively, a combined signal and power connec-
tor body can be produced by attaching (either tempo-
rarily or permanently) a housing 241 for the signal insert
227 to a power connector body 201, here illustrated as
by means of dovetail joints 219 and 249 cast into the
finger grips. Similarly, the plug or receptacle may in-
corporate an adaptor to an RJ-11 or similar modular
jack, allowing a transition to prefabricated signal cables.

Multi-phase versions of the connector can also be
readily produced.

It will be apparent that the disclosed connectors with
suitable cabling provide a common, integrated means of
supplying both power and control not only to distrib-
uted dimmers, but also to motorized and automated
fixtures and accessories, again, in a manner compatible
with prior art cables and connectors.

Physical Embodiments of FIG. 6A-6M

A third mechanical embodiment is illustrated in FIG.
6A, 6B, and 6C.

As previously described, a practical distributed dim-
ming system would offer important practical advan-
tages in permanent installations. No elaborate system of
carefully identified conductor pairs would be required
between the fixture positions and distant dimmer racks,
nor need spaces be set aside for the latter which must be
ventilated and sound-isolated. Instead, the use of a fully
distributed dimming scheme would permit the installer
to connect the receptacles on the connector strips with
conventional circuit breaker panels, located in proxim-
ity to the supplied circuits in a manner calculated to
maximize both convenience and economy. In the case
of outlet boxes, the required branch circuit distribution
breakers could be made integral with the dimmer enclo-
sure, such that only power feeders and a signal conduc-
tor need be supplied to the unit. Alternatively, particu-
larly where access to the fixture position is limited, the
dimmer enclosures can be mounted at a nearby location,
such as, for example, above the catwalk or in a vertical
array on the studio or auditorium wall. The thermal
load presented by the dimmers in any of these embodi-
ments would be distributed throughout the perfor-
mance area, hence no special cooling or ventilating
provisions would be required.

In the case of connector strips, a prior art fully dis-
tributed scheme has been proposed in the form of con-
nector strip in whose elongated metal enclosure thy-
ristor dimmers are installed. Such a scheme has many
disadvantages. The use of the connector strip as the
mounting enclosure may result in an undesirable inter-
nal heat rise caused by the thyristors, and particularly
by the choke—one which is aggravated by the lack of
internal ventilation and the elevated ambient air temper-
ature produced by nearby fixtures. The bulk of the
choke reduces the crosssectional area of the enclosure
available for wiring. The internal mounting of the dim-
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mer components also makes service very difficult given
the dimmer location.

Refer now to FIG. 6A-6C, where a third mechanical
embodiment is illustrated.

Elongated raceway enclosure 641 mounts a plurality
of receptacles, spaced as desired. Unlike conventional
prior art connector strips, receptacles are provided for
both power and signal. Separate receptacles may be
provided for each function, but a common receptacle
(here illustrated as receptacle 231 of FIG. 5G and 5H)
may be employed.

While improved dimmer of the present invention
could be installed in the raceway enclosure 641, it has
been installed in a housing 609, here illustrated as an
aluminum casting, which is independent of raceway
enclosure 641. Housing 609 has been provided with an
inlet connector 621, illustrated as a panel-mounted ver-
sion of connector 221 (as illustrated in FIG. 5E and 5F),
which supplies power and signal from receptacle 231.
An outlet receptacle 211 (as illustrated in FIG. 5C and
5D) is provided for the lamp Address selector switch
315 and additional indicators and a self-test switch are
provided adjacent to connector 211. Housing 609 has
been illustrated with cast heat-sink fins 617.

Alternatively, the outlet receptacle 211 for the fixture
may be mounted to the raceway enclosure 641, and the
dimmer provided with an inlet connector 621 with two
“hot” poles, one for supply and one to return the dim-
mer output to the raceway enclosure 641 for connection
to lamp receptacle 211. It will further be understood
that separate, parallel raceway enclosures may be pro-
vided for power and signal, or alternatively, that an
internal partition may be installed in raceway enclosure
641 to separate the two conductor types. It will also be
understood that continuous busses may be employed for
power and/or signal conductors, and that in some em-
bodiments, the dimmer enclosure may be provided with
an inlet connector which attaches directly to the busses
It will further be understood that control signals signal
may be distributed in parallel rather than serial form,
and that in serial embodiments, the dimmer address may
be predetermined by the receptacle itself.

Many designs for housing 609 are possible, and
should not be understood as limited except by the
claims. It is here illustrated as having a profile, visible in
FIG. 6C, including a recessed portion having a shape
complementary to that of raceway enclosure 641, such
that when connector 621 is mated with receptacle 231,
the dimmer produces only a modest increase in the bulk
of raceway enclosure 641. This arrangement has the
added benefit of assisting in aligning connector 621 with
receptacle 231 during mating, and of protecting both
connectors from damage caused by shear forces should
the dimmer enclosure be struck an accidental blow.

As will be seen, such a system can be designed with
the module plugging into the top of the raceway, with
the advantage that gravity keeps the module in place
and no locking means is required.

A module can plug into the raceway from the side as
well, although the top and bottom mounts offer two
large vertical surfaces for heat-sinking.

One approach to retaining the bottom mount would
include a magnet attached to the module that is at-
tracted to the raceway or a plate or second magnet on
it. Another approach is a latch or spring on the module
that snaps into a groove extruded in the raceway or
over its top edge.
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In any of these embodiments, a locking mechanism
may be provided that prevents unauthorized removal of
a module from the raceway, and electronic access code
that must be transmitted at each power-up is also possi-
ble.

The embodiment illustrated in FIGS. 6D and 6E uses
a captive pigtail such as 205B attached directly to the
raceway 641 in the prior art manner. As previously
described, a receptacle 232 is provided on the raceway
into which a dimmer module can be plugged, placing it
in series between the AC supply and the load connector
206A or 206B.

Such an approach has certain advantages, but re-
quires some connection across the receptacle 232 to
energize the pigtail 206A, for example, as a hot-patch.

Such a connection could be provided by a switch, but
that has the disadvantage of increasing the per pigtail
cost of the raceway and introducing a potential source
of failure.

A shorting plug is a simpler alternative to a switch,
but represents a loose component.

‘Refer now to FIG. 5J. Connector 232 is based upon
the known Harj-Lok flush mounted receptacle as previ-
ously described—indeed it can be produced by enlarg-
ing the die for that connector. That portion of the re-
vised connector 232 to the left of line 232L is the same
as the present Harj-Lok, including a hot contact 213H,
ground contact 213G, and neutral contact 213N. The
receptacle 232 is, however, enlarged to include provi-
sions to the right of line 232L for a fourth “return”
contact 213R.

When connector 232 is inserted in raceway 641, the
hot, neutral, and ground conductor from the AC supply
are coupled to contacts 213H, 213G, and 213N.
Contacts 213G and 213N are also parallelled with the
appropriate conductors of the pigtail 205. The hot con-
ductor of pigtail 205 is connected with contact 213R of
receptacle 232.

Dimmer module 609 includes four male pins 622 that
supply hot, neutral, and ground to the dimmer and
return its output to the load via the pigtail. By employ-
ing for connector 232 the same contacts and contact
spacings for hot, neutral, and ground as the standard
Harj-Lok receptacle, however, the user can gain a “hot
pocket” without the need for a shorting plug by plug-
ging a cable with a standard pin connector male directly
into receptacle 232. The spacing of contact 213R rela-
tive to 213N assures that the male connector cannot be
misplugged into the wrong set of contacts.

Receptacle 232 can be further enlarged to include a
well 2328 for a signal connector and/or LED as indi-
cated by dashed outline 232D.

FIGS. 6D and 6E illustrate one possible physical
embodiment of the dimmer module, which is shown as
assembled from two identical casings split along the
plane 609L. When assembled, the castings captivate the
illustrated circuit card and connector in the lower
chamber created by them as well as the connector 622.
The design of the castings provides heat sinks with pin
fins 617P on both the inner and outer surfaces of each
side panel. The pin fins on the interior surface of the side
panels, combined with openings at the bottom, allow
the vertical passage of air between the sides of raceway
641 and the side panel casting of the dimmer module,
increasing the useable heat sink area. The fins or pins on
the interior of the side panels also space the panel itself
away from the raceway, allowing clearance for the
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mounting of devices on the side panel itself (rather than
below it as is illustrated).

Refer now to FIG. 6F-6L, where such a mechanical
embodiment is illustrated in further detail.

Like the mechanical embodiment of FIG. 6D and 6E,
the embodiment of FIG. 6F-6L is designed as two
symmetrical half sections joined along a central plane.
Unlike the embodiments of the previous Figures, the
instant embodiment, as shown in FIG. 6L, is designed to
sit atop the raceway, with the advantage of requiring no
mechanical means to retain it in place. It employs an
inlet connector 622 plugging into a receptacle atop
raceway 641F, and provides a pigtail 205C, which may
be of any required length and may be terminated with
any connector desired.

Referring to the various FIGS. 6F-6L, it will be seen
that the enclosure consists of two identical castings
609C and 609CC The design of this casting, in the illus-
trated embodiment, may provide a chamber in the
upper portion (as shown in FIG. 6K, a section) for the
electronics, which may be mounted on a printed circuit
card retained in slot 609T. Openings 609N are provided
for LEDs indicating status, including the presense of
input power and signal, output power, and current-
limiting, as well as pushbuttons for self-test and current-
limit reset.

The male power inlet connector 622 may comprise
male pins mounted to an electrically-insulating plate
retained in slot 622S. Male bosses 609U and 609V of one
casting interlock with spaces 609UU and 609VV of a
second to assemble a complete housing, which may be
held closed by bolts passing through holes 609G and
609H.

The lower portion of casting 609C provides a large
“ear” that has several functions.

One function is to provide a mounting surface 609M
for one or more semiconductor power devices, along
with a heat-spreading area and heat sink fins 609F for
dissipation. The profile of this portion, illustrated in
FIG. 6L, is of a gull-wing shape, providing clearance
for the semiconductor package or packages, which may
be held in place by bolts through holes 609R.

A second function is to provide for power pigtail
205C, and for the conductors connecting it with the
power devices and inlet connector 622. Accordingly,
FIG. 6G-6I illustrate a U-shaped recess 609K that
serves as the “backrest” of a cable clamp, similar to that
of the well-known “2-screw” or “Romex” connector.
Holes 609S are allowed for passage of bolts engaging
the tapped holes in the floating portion of the cable
clamp. Recess 609K is used for the power pigtail on
only one of the two castings that make up an enclosure,
and the second such recess can be used for a Cannon
“XLR” or Switchcraft “D” receptacle fastened to bulk-
head 609H. The function of such a receptacle will be
described below.

The illustrated casting also provides standoff bosses
609QQ with bolts holes 609Q for a printed circuit card
and/or insulator covering the area bounded by the
lower bulkhead 909H and the electronics chamber.

Preferably, in volume applications of this and other
mechanical embodiments, a cast or extruded heat sink
will be used in combination with FET die bonded to it
(via an appropriate substrate, for example, a solder/-
moly drain pad and a BeO insulator) to obviate the need
for a separate package for each device. One method is
to use a composite circuit card such as the Thermal-
Clad manufactured by Bergquist Co., Minneapolis,
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Minn. 55435 as the die mounting surface, electrical
interconnect, and heat-spreader, with additional fins or
pins bonded to the back of the baseplate layer.

It will also be seen that it may desirable to isolate the
active electronics from the heat produced by the power
devices While ventilation of the electronics chamber is
possible, another approach is to locate the electronics in
a thermally-isolated section of the case. For example, a
three-piece enclosure can be fabricated that consists of
aluminum or other thermally-conductive side panels
(like those illustrated) mounting the power devices. The
two may be separated by a spacer section fabricated of
a thermally insulating or transparent material (such as a
thermoset, thermoplastic, or ceramic) or a metal section
simply mounted to the side panels by means of thermal
insulators. This spacer section may contain the electron-
ics and male inlet connector. The use of a material that
is also an electrical insulator permits mounting the pins
of the male inlet connector directly to the spacer sec-
tion.

A related approach would employ an enclosure with
side panels of different sizes; one, wide side panel would
provide heat sinks for all power devices, and the other,
much more narrow, would house the electronics. The
two would be separated by a thermal barrier as de-
scribed, or the spacer/male inlet section and electronics
section could be fabricated as a single casting of ther-
mally-insulating or transparent material. Such an ar-
rangement would have the benefit of separating the
electronics from the heat produced by the power de-
vices with the raceway, as well as placing virtually ail
the power wiring on a single assembly.

The mechanical embodiment of disclosed dimmer
illustrated in FIG. 6A-6L offers a number of unique
advantages. The unit can provide EMI and audible
lamp noise suppression meeting or exceeding the high-
est current professional standards yet is totally silent
under all loads and at all phase angles. The thermal
design of the raceway enclosure 609 is also simplified.

Because the dimmer is mounted in an external, de-
tachable enclosure, there is no significant reduction in
the crosssectional area of the raceway enclosure 641,
and hence in the space available for power and signal
conductors 643, nor are such conductors exposed to the
increase in temperature produced by mounting dimmer
components within the raceway enclosure 641 itself.

Further, service is simplified, as a failed dimmer is
simply unplugged and replaced with a spare. However,
unlike dimmers employing bulky chokes, the profile of
the dimmer can be minimized, and with it, the increase
in total connector strip/dimmer profile.

The illustrated embodiment has an additional impor-
tant advantage.

The prior art distributed dimmer scheme described,
whose dimmers are mounted permanently internal to
the raceway, if installed in a facility, would offer the
savings in installation costs previously described. How-
ever, it requires the installation of a dimmer for every
outlet, which is hardly ideal in installations, like televi-
sion studios, which may use only a fraction of their
outlets at any one time.

The embodiment of FIG. 6A-6L offers a uniquely
flexible alternative. Those installations which use a high
proportion of their outlets can plug a dimmer enclosure
into each one. Those installations with lower utilization
can maintain an inventory of dimmers slightly larger
than their fixture inventory, and employ them on an
as-needed basis. Indeed, both strategies can be used
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within a single installation, with a “dimmer-per-outlet”
approach at some positions, and “dimmer-per-fixture”
at others.

Further, as illustrated by connector 231 in FIG. 6A,
the use of standardized power and signal connectors for
the dimmer enclosure 609 allows plugging “dimmer-on-
lamp” units (as illustrated in FIG. 3A—4B) into the con-
nector strip as well.

It will also be appreciated that the same outlets can be
used to provide AC power directly to equipment like
ballasted gas-discharge sources that do not need—or
should not be connected to—dimmers, as well as both
power and signal to motorized or automated fixtures or
devices that incorporate their own mechanical or elec-
tronic dimming means.

Finally, in the case of fixtures dimmed by any of the
disclosed embodiments, a receptacle can be provided
for control signals and/or line- or low-voltage power
required by the accessory used by the dimmed fixture,
most commonly a color changer. As previously noted,
such accessories require a constant source of power as
well as their own control signals, which prior art cen-
tralized dimming and distribution systems have not
provided. The disclosed dimmer enclosures can be pro-
vided with one or more receptacles providing means for
supplying either line- or low-voltage power to the ac-
cessory and control signals, by means of a jumper be-
tween the receptacle and accessory. By integrating the
low-voltage power supply in the dimmer enclosure, the
size, weight, and cost of the accessory can be reduced.
Further, the dimmer can decode not only its own con-
trol signal from the serial data stream, but a separate
control signal for the accessory, at a minimal incremen-
tal increase in cost. Ideally, the same serial address can
be used for both the dimmer and its accessory with a
different serial start code.

It will also be apparent that other types of dimimer
power stage, including inductively-filtered thyristor-
based designs, could be used, less desirably.

Control Signal Distribution

Supplying desired intensity values to the dimmers
requires a2 method of reliably distributing the data to the
various dimmer locations.

There is also the issue of how the dimmers (or other
users) determine their serial addresses. Because dim-
mers are readily removeable and interchangeable, while
address switches could be provided on them, this would
require that the user match the address switch settings
to the outlet number every time a dimmer is installed or
moved (if the user wishes the dimmer address to be the
same as the outlet) As users cannot be counted upon to
do so, errors and the resulting confusion can be pro-
duced.

In some applications (and in dimmer-on-lamp em-
bodiments), a fixed address for each dimmer may be
desirable, such that when the dimmer is moved to an-
other outlet it still retains the same address.

In these and other applications, it may be desirable to
permit the user to remotely change the nominal address
of a dimmer—or to add or substitute another value.
Such other value could constitute the channel number,
such that a “distributed signal patch” scheme results in
which the data supplied to the dimmers represents the
desired channel values rather than discrete dimmer
values.

In those embodiments in which the dimmer is pro-
vided with its own address, a means for indicating that
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address from a distance, such as LED displays or a large
LCD or similar display.

In other applications, ideally, the address of the dim-
mer is automatically set to that of the outlet when the
dimmer is plugged into it.

One method of doing so is to provide a means at each
outlet uniquely identifying the outlet address, one
which cooperates with a detecting means on the dim-
mer module. For example: an additional miniature con-
nector wired with the binary-coded address; a bar code
label sensed by photodetectors on the module; a binary-
coded row of cams that selectively actuate a DIP
switch on the module.

All of these methods have some tradeoffs in cost,
complexity, and reliability.

FIG. 2C illustrates a signal distribution scheme that
addresses these issues.

Each raceway section (e.g. section 641A and section
641B) mounts standard pin connector (or other) recep-
tacles 231A-231P. These are wired directly to supply
circuit breaker panels.

Adjacent to or inset in each of receptacles
231A-231P is an LED, aligned with a photodetector
1601 in the dimmer module 609A. Desired intensity
values and other data are coupled between the raceway
and the dimmer module by this means, which is simple,
rugged, and reliable. It provides the voltage isolation
required to float all of the dimmer electronics at line
voltage, and protects all other dimmers and the console
from electrical faults.

The LED of each such receptacle is connected to a
raceway “blob” module 154A. Each raceway “blob” is
connected to one output of a routing unit 152 via a
twisted pair cable carrying both RS-422 (or 20mA cur-
rent-loop) data and power supply for the “blob” elec-
tronics. A single such cable can be “daisy-chained”
among multiple “blobs”, or a discrete cable run be pro-
vided between each “blob” and the routing unit 152 (as
is illustrated) for greater fault-isolation.

The routing unit 152 accepts a standard DMX-512
serial input. In a known manner, its hardware consults a
lookup table that contains the lowest dimmer number
addressed by the raceway “blob” on each of its outputs
153A-153G Each of these outlets will remain quiet until
the incoming DMX-512 packet reaches the level for the
first dimmer number on the raceway section whose
“blob” is coupled to that outlet. The routing unit then
passes on only those levels for outlets on that raceway
section and then reroutes the transmission to the next
raceway section.

The first byte that raceway “blob” 154A will see
from the routing unit on 153A will be the desired inten-
sity byte for the dimmer plugged into outlet 231A. The
raceway “blob” will automatically switch each succes-
sive intensity byte to the next outlet/LED.

Thus, the dimmer plugged into an outlet sees only the
intensity byte for that outlet and no address decoding
function is required at the dimmer.

The components at each raceway receptacle are lim-
ited to one LED, which is wired back to a simple, plug-
in “blob”.

One multi-pair cable connects a raceway with the
centralized routing unit. There is no high-speed multi-’
drop serial communications and a high degree of fault
and electrical isolation is possible.

The routing unit can also suppress transmissions to
the modules to turn off preheat when the console is
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active (producing DMX out) but no dimmer has re-
ceived a level for some defined period.

Variations employing fewer conductors are also pos-
sible.

One method is to matrix the light-emitting diodes at
the raceway outlets. For example, one side of each
LED is connected to one of eight driver lines #1-8 and
the other to one of eight return lines #9-16. Each such
LED is connected across a unique pair of such lines.

While such an arrangement can be used to drive a
single LED at a time, throughput can be increased or
the data rate decreased if the distribution “blob” drives
all LEDs on the same return line at the same time. For
example, the first bit is loaded into drivers #1-8 for the
LEDs on return line #9, which is then be enabled to
simultaneously light all those LEDs on the return line
having data “1” This process is repeated through all the
data bits for those dimmers/outlets on return line #9,
and then advance to those LEDs on return line #10.

This approach effectively decreases the baud rate
between the input and output side of the “blob” by a
factor of eight, which may have advantages in terms of
the response time of relatively inexpensive cable used to
connect the blob with the LEDs, as well as the response
time of less expensive LEDs and photodetectors.

The technique of driving multiple LEDs simulta-
neously can also be employed with the “discrete pair
per LED” approach, but the “matrix” approach re-
duces the number of signal conductors in the raceway
itself, provided that the driver and return lines are run
through the raceway and the LEDs are tapped into
them at or near their outlets. This can be accomplished
with known insulation-displacement tap connectors
such as the Scotchlok Brand “UB” connector by the
TelComm Products Division of 3M Corporation.

The “matrixed” approach to wiring has several tra-
deoffs. Installing the taps (by whatever means) requires
access to (and produces service points) across the length
of the raceway. Failure of one driver or return line will
affect a number of outlets/dimmers and may do so (par-
ticularly if intermittent) while producing symptoms that
may be difficult for an end user to interpret correctly.
Such conductors extending long distances parallel to
the line voltage conductors of the raceway might be
subject to EMI. Shielding such signal conductors is
made more difficult by the requirement for regular taps.
Providing a separate compartment in the raceway for
shielding the low-voltage wiring increases the cost and
complexity of raceway construction and presents the
problem of routing the tap pigtails for the LED through
the line-voltage section on the way to the LED mount
on or near the power connector. The taps may also
increase the cross-sectional area requirements of such a
compartment, which decreases the useable cross-sec-
tional area in the line voltage portion of the raceway,
reducing the maximum number of line voltage circuits
for a given overall raceway envelope under electrical
code percentage “fill” restrictions.

Despite these potential tradeoffs, the use of such
approaches will be suitable for many applications. The
electrical isolation by any known means of driver lines
from the connection between the raceway “blob” and
the routing unit permits the presense of both power
wiring and the driver lines in the same compartment,
without the requirement for a divider or partition to
satisfy electrical code requirements. Shielding can be
made integral with the driver lines or provided by foil
or similar tape over them, which may also serve to dress
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and protect them. Flexible printed circuit material may
be used in lieu of discrete conductors.

A generally similar scheme can be used to distribute
the undivided serial data stream to each outlet for dim-
mers and other users with individual address decoders.

In any of the embodiments disclosed herein, dimmers
or other users can be adapted to recognize either dis-
crete values in a serial data stream on the basis of a local
address decoder; a supplementary or temporary value; a
“presorted” value; a value for a connected accessory; or
an “all users” transmission by the use of different start
codes to the serial data stream.

It will further be understood that, either in the con-
text of individually-driven or matrixed LEDs, that the
“blob” and/or the routing unit, can serve to convert
from higher to lower baud rates, and/or to alter the
manner in which the desired intensity or other value is
expressed. For example, the “blob” can accept a serial
digital input, and convert the information to either
pulse-width or frequency-modulated form. This can
permit a marked reduction in the complexity of the
receiving circuitry required in the dimmer. Further, the
routing unit and/or “blob” can selectively distribute
non-dimmer information to outlets identified as coupled
to, for example, motorized fixtures instead of just dim-
mers, and further permits the distribution of unequal
quantities of data to different outlets/addresses in the
same system, based on the needs of each connected
device.

Signal Distribution by Radiant Energy

Another means of serial data transmission a raceway
system would place one or more high-powered emitters
such as LEDs or laser diodes so as to direct their output
into the interior to the raceway. The emitter would then
pump serial data in visible or IR light form into the
interior volume of the raceway, where reflection from
its surfaces and/or diffusion or light pipe elements fills
the interior volume of the raceway with this data, such
that dimmer enclosures 609 (or any other *“‘user’”) can
sense it by inserting a photodetector or optical exten-
sion of it in or through a window or hole in the raceway
into its interior volume. Materials for the construction
of dedicated light guides (such as Scotch brand Optical
Lighting Film by 3M Corporation) are also available.

In some applications, desired intensity values en-
coded as infrared light can be broadcast through free
air, or similar wireless means employed.

Another approach is the use of a “fiber optic bus”
such as manufactured by Ensign-Bickford Optics Com-
pany (Avon, Conn. 06001). This consists of a main fiber
optic cable to which “taps” have been attached by cre-
ating an aperture in the fiber cladding through which a
small quantity of light can escape, and by fixing a tap
fiber (generally using a transparent epoxy) so as to col-
lect the light escaping through that opening. “Trunk”
or main fibers with 60 or more taps have been fabri-
cated. The main fiber is driven by a suitable LED trans-
mitter and a photodetector can be coupled to the free
end of each such tap.

Such a “fiber optic bus”, installed within the raceway
and providing a tap for every outlet, can distribute data
to the outlets at a data rate far exceeding the require-
ments of the application. The arrangement is function-
ally inert, immune to the effects of EMI, requires no
separate compartment or shielding, and, if properly
fabricated, offers essentially unlimited life.
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A single fiber provides a single bus with no provision
for selectively-addressing each outlet/dimmer. There-
fore the user would have to manually enter the address
on each dimmer/interface module—or a separate means
of automatically addressing the dimmer or interface
module would be required. Examples of such means
include the use of the previously described retro-reflec-
tive photosensor array reading a binary-coded bar code
label on the outlet or raceway; or miniature bar magnets
inset in the outlet housing activating Hall Effect sensors
in the dimmer or interface moduie.

An alternative is to use multiple fiber optic busses
with a modified addressing scheme. In one example, six
main fibers are provided, each with its own LED
driver.

Each raceway outlet provides for two tap fibers and
each dimmer/interface module has two photodetectors,
one aligned with each tap fiber.

Taps are installed along, for example, six main fibers
to produce a pair of taps at each of 30 outlet locations.
Thiese pairs might be: §, 3, 1, 1/5, 1/6,2/1,2/3,2/4,2/5,
2/6,3/1,3/2,3/4,3/5,3/6,4/1,4/2,4/3,4/5,4/6, 5/1,
572, 5/3, 5/4, 5/6, 6/1, 6/2, 6/3, 6/4, and 6/5. (Each
combination/pair of main fiber numbers is repeated
twice, once with that pair in each possible left/right
relationship.)

The two photodetectors in the dimmer or interface
module are coupled to logic such that, for example, the
left tap is treated as the “enable” input. When that tap is
energized “steady on”, the module wiil accept any data
on its right tap as data addressed to it. In the manner
generally described earlier, the raceway “blob” ener-
gizes the driver for main fiber #1 and then transmits the
data for the first five addresses using drivers/cables
#2-6. It then proceeds to sequentially “enable” fibers
#2-6 and repeat the process with the other five fibers
for each “enabled” one.

Alternatively, the system can omit the “enable” func-
tion and simply Exclusive-AND the output of the two
photodetectors such that a dimmer/module will only
accept data sent on both of the lines to which it has been
tapped. This, however, reduces both the number of
outlets that can be addressed by a given number of main
cables, and makes it impractical to address multiple
outlets simultaneously. While the Exclusive-OR ap-
proach permits transmitting to all addresses simulta-
neously by simply sending on all lines, a similar function
can be produced on the modified system by sending a
number of messages equal to the number of lines (and
not outlets).

The number of main fibers can be increased or de-
creased depending upon the number of outlets to be
addressed. The tap system can also be used in reverse
such that multiple nodes can drive a common main
fiber. This might take the form of a single main fiber
with taps for each outlet.

The disclosed selective addressing scheme can also be
used with a wired distribution scheme.

The LEDs or fiber optic taps used by any of these
schemes can be inset directly into the power connector
as a method of reducing the fabrication cost of the race-
way and of assuring physical registration of the emitter
and detector.

Refer now to FIGS. 5K and 5J. A combined power
and signal connector 232 has been produced by enlarg-
ing the die for a standard “pop-in” pin connector recep-
tacle such as the previously-described Harj-Lok recep-
tacle made by Union Pin Connector Company, Inc.
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The enlarged connector provides not only contacts
213H for “hot”, 213N for neutral, and 213G for ground,
but a fourth contact 213R that permits the plug-in dim-
mer module to return its output to the raceway for
supply to a pigtail or receptacle mounted on the race-
way rather than on the dimmer module itself, as has
been previously described. The enlarged connector also
provides two wells for the insertion of suitable light-
emitting diodes. A standard solderless LED connector
232R such as the Conxrite ® unit by Visual Communi-
cations Company, Inc. (San Diego, Calif. 92126) (which
also incorporates an internal resistor) may be inserted in
each of two wells 232W provided in the connector
body 232B. The LED connector 232R has contacts to
which wire leads 2321 can be soldered. These contacts
can aiso accept known quick-connect terminals 232T,
which are plugged in place. A reduction in the size of
the pass hole through the bottom cap 232C of the con-
nector 232C prevents strain on the flying leads 232L
from unplugging terminals 232T from the contacts of
LED connector 232R. :

A suitable visible or IR LED is plugged into each of
the LED receptacles. An LED 2328 is shown plugged
into the LED receptacle adjacent, power contact 213N.

The two LED:s in each dimmer receptacle 232 there-
fore result in four flying leads, and such LEDs may be
wired in any of the previously described methods.

It will be understood that in cases where the power
connector is mounted atop the raceway, that an LED or
fiber optic port may be mounted on the side of the
raceway to prevent the natural accumulation of dust
from attenuating output.

It will further be understood that other contact and
non-contact methods (for example, inductive coupling)
may be used to couple control information between the
raceway and the dimmer or other user.

It will be understood that, in addition to

enclosures such as illustrated in FIG. 6A-6L, that the
use of non-contact coupling of the control signal may
employ an adaptor, plugging into the raceway, and
serving the function of converting the encoded control
signal into an electrical signal that can be coupled via a
suitable connector and cable (or amplified to drive a
fiber-optic link) to a remotely located fixture.

While the various schemes for distributing control
information are described in the context of a raceway
system employing the distributed dimmer disclosed, it
will be apparent that the above techniques can be ap-
plied individually or in combination to other distribut-
able packages and to dimmer racks and dimmers of
conventional construction.

Physical Embodiment of FIG. 7A and 7B

In some cases, an elongated raceway or portable
enclosure may not be practical, such as at some exposed
locations in the auditorium itself.

Refer to FIG. 7A and 7B, where a fourth mechanical
embodiment is illustrated.

The illustrated embodiment employs cast or extruded
modules such as 760C, that incorporate at least the
semiconductor power devices. In a manner generally
analogous to the embodiment of FIG. 6D and 6E, the
module is provided with a male inlet connector and an
additional connector or pole for returning the dimmed
output. In the case of the instant embodiment, such
connectors are mounted to the metal cover plate 780
mounted on a flush or surface mounted backbox by
means of mounting holes 781. The panel is further illus-
trated as mounting circuit breakers 775, such that the
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panel may be supplied with a single, relatively large
service (e.g. 60A) and itself provide the branch circuit
protection required by electrical code for a plurality of
smaller capacity dimmers. The illustrated module pro-
vides a well that protects and encloses the handle of
circuit breaker 775, that well further provided with a
web 765 that extends under the breaker handle in the
“on” position, such that the module cannot be inserted
or removed without the breaker handle being turned
off. Panel 780 mounts power outlets 211 that permit the
user to plug directly into the panel for “hot-pockets”, as
well as return receptacle 211R that is connected to a
remotely located lamp load. Control signals are coupled
to the electronics on the module via a contact or LED
at 232S. The module is aligned with the plate 780 by
means of a latch 772 and pin engaging holes 773 and 774
respectively. Other means may be provided, and the
functions of the power inlet, power return, and control
signal connectors may be combined as previously de-
scribed and illustrated. The power outlet connector
may also be mounted on the module. Similarly, the use
of a standard Edison parallel-blade connector 769 for
module 760B is shown, illustrating that such Edison
connectors (or corresponding English or European
power connectors) can also be employed for this or the
previous embodiments.

Physical Embodiment of FIG. 8A-8F

Finally, while distributed dimmer systems packaging
dimmers for use with a lamp support and on regular
mounting centers are practical for certain types of tour-
ing systems, they are not as practical for many touring
theatrical productions, that vary the number and
mounting centers of fixtures per mounting position as
well as the arrangement of fixtures at the mounting
position itself.

A theatrical production may, for example hang fix-
tures on 18“centers on one pipe and on 24” centers on
another, while requiring clumps of three circuits at
borderlight pigtails. The production may pack one pipe
with fixtures, while using less than a half-dozen on an-
other; sidearm a single vertical row of fixtures on the
downstage boom and a double row in the boxes.

It will be apparent that, on one hand, a system of
dimmers on fixed mounting centers and/or in an elon-
gated housing is impractical for many of these varia-
tions, while a system of single dimmer enclosures as
illustrated in FIG. 3A-4C requires an undesirably large
number of discrete supply cables and connections.

Refer now to FIG. 8A-8D where a fifth mechanical
embodiment is illustrated that provides a single enclo-
sure design equally suited to each such variation.

FIG. 8A is a plan view of the embodiment. FIG. 8B
is a front elevation. FIG. 8C is a plan view illustrating
one application of the embodiment. FIG. 8D is a front
elevation of FIG. 8C.

Enclosure 809 contains three discrete power stages,
supplying receptacles 211A, 211B, and 211C respec-
tively. Male multi-pole multi-connector 753 supplies
both signal and three-phase 120/208 volt power, to
which both the dimmers and a female multi-pole recep-
tacle 752 are parallelled, the latter so that additional
enclosures may be “daisy-chained” to the same cable
(e.g enclosures 809 and 809A both supplied by cable
755). One power stage is connected to each of the three
phases.

Many designs for enclosure 809 are possible, and
should not be understood as limited except by the
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claims. Heat sink fins 817 or “pin fins” 818 may be
provided, and a common chassis used for all three
power stages, or each power stage packaged on a re-
movable submodule (e.g. 819).

The embodiment illustrated employs a single mem-
brane switch panel 820, as manufactured by the Xymox
Division of W. H. Brady Co., Milwaukee, Wis. 53201,
which provides test buttons such as 320 and transparent
portions for signal and power indicators such as 318 and
320, which may mount to a printed circuit card beneath
it. The function of address thumbwheel switch 315 in
the previous Figures is performed by the combination
of an up/down counter responsive to up/down buttons
816 and display 815, a two-digit 7-segment LED array.
To prevent accidental changes in address, a “set” but-
ton 817 is provided which must be depressed to enable
up/down buttons 816.

Referring now to FIG. 8C and 8D, enclosure 809
may be mounted to a pipe (or any similar support) using
a clamp 859. In contrast to the boxy enclosures which
have previously been disclosed, the improved dimmer
of the present invention can be installed in an enclosure
of ‘minimal size, whose elongated shape minimizes ob-
structions and locates receptacles 211A-211C such that
all three fixtures supplied by the enclosure (e.g., 301A,
301B, and 301C) may be plugged into the receptacles
without the requirement for an extension cable. Fur-
ther, adjusting the distance between two enclosures
(e.g., 809 and 809A), allows adapting to a variety of
fixture mounting centers.

While inlet multi-connector 753 could be panel-
mounted, it is preferably installed at the end of a pigtail
comprising a length of flexible conduit 863 containing
the required power and signal conductors 861, attached
to enclosure 809 via hub 865. Plugging the male inlet
connector 753 of one enclosure (e.g., 809A) into the
female receptacle 752 of a second enclosure (e.g., 809)
connects the two without the requirement for a separate
jumper and automatically spaces the two enclosures by
the distance required to accommodate the regular
mounting centers of fixtures 301A-301E. It will be
apparent that the combination of the enclosures of FIG.
8A-8D with multi-conductor and conventional stage
pin connector equipped cables, provides a uniquely
efficient method of dimming fixtures on pipes and simi-
lar elongated supports, whether packed together on
regular centers or widely and irregularly spaced apart.

It will further be apparent that a single such enclosure
can be located on the ground or in the air wherever a
borderstrip or cyclorama light requires three circuits,
and that the same enclosure, oriented vertically, singly
or in pairs, is equally applicable to booms and similar
vertical positions.

The use of a plug-through design permits most effi-
cient use of a cable, as any number of enclosures can be
“daisy-chained” to the maximum capacity of the supply
cable 755. Thus, given a supply cable rated at 20 Am-
peres, one enclosure can control three 20A loads, two
enclosures can control six 1000-watt fixtures, and a
third enclosure can be added when 750-watt fixtures are
employed. o

The use of three-phase power makes most efficient
use of the cable by minimizing the number of conduc-
tors required, while employing three power stages per
enclosure evenly distributes the load—and provides the
maximum number of outputs which a single enclosure
can supply to almost any arrangement of fixtures with-
out the requirement for extension cables.
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The illustrated embodiment offers a heretofore unat-
tained combination of benefits. In contrast to present
professional practice which requires the time consum-
ing preparation of single or multiple circuit cables of the
correct length, carefully identified with the required
circuit number, and the use of large, heavy, and expen-
sive dimmer racks in a central location; a user of a dim-
ming system of the illustrated embodiment present in-
vention need do little more than circle triplets of fix-
tures on the light plot and order a corresponding num-
ber of enclosures, along with an assortment of cables.
At the load-in, enclosures are simply clamped to the
mounting positions and their addresses set, then con-
nected with one or more portable circuit breaker panels
located for maximum convenience, using multi-conduc-
tor cables which need not even be identified. The result-
ing system not only requires less labor to prepare and
install, but less capital to build, due to the dramatically
less expensive cable and multi-connectors which can be
employed as well as the savings produced by the re-
placement of the large and mechanically complex racks.

The same cables can be used to supply motorized and
automated fixtures, which may be “daisy-chained” in
series with dimmer enclosures. By rotating the phase
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conductors between the inlet and outlet connectors of 25

such a fixture, the load presented by multiple such fix-
tures on a common multicable can be equalized.

FIG. 8E and 8F illustrate variations designed to nest
over the pipe 127 from which the fixtures are hung.
Because such enclosures must fit between the clamps
used for the fixtures, the length of the enclosures should
be reduced below the minimum fixture mounting cen-
ters expected. Both variations also employ forced-air
cooling, by means of miniature fan 817D, which draws
air through opening 817D and pressurizes the interior
volume of the enclosure. The enclosure further includes
heat sink fins 817F thermally-coupled to the surface
mounting semiconductor power device 519E or 519F.
Thermal losses from the devices are radiated to free air
from the external surfaces of the enclosure, while the
passage of air through the interior volume of the enclo-
sure and through the heat sink 817F and out outlet 817G
improves heat transfer.

Enclosures 809B and 809C may be retained on pipe
127 by a mechanical clamp and/or a magnet.

The preferred embodiments disclosed are intended
for purposes of illustration, and it will be apparent to
those of skill in the art that other variations, combina-
tions, and embodiments are possible within the spirit
and scope of the inventions.

The triggering circuits may be located remotely from
the power stage.

Parallel, serial, or wireless transmission (including
power line, infrared, or ultrasonic) of control signals
may be employed.

Signal and power conductors for any of the embodi-
ments may be combined in common cable and/or con-
nector assemblies, or separate cables/and or connector
assemblies may be employed.

The power stage, triggering, and/or transition con-
trol means may be integrated in a single semiconductor
package.

While the preferred embodiment illustrated is for a
power stage having an AC output, it will be understood
in the context of U.S. Pat. No. 4,438,356 that rectifica-
tion could be employed such that the output of the
power stage would be DC. Such an arrangement would
further reduce audible lamp noise, while its use in a
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distributed application eliminates the requirement for
DC rated connectors and two-wire operation except at
the fixture, while simplifying the operation of arc-detec-
tion circuitry, if employed.

The combination of rectification with a filter capaci-
tor and voltage feedback would offer the further pros-
pect of compensating for voltage drop to maintain full
RMS voltage at the lamp.

Other variations may be made without departing
from the spirit of the invention, which should not be
understood as limited except by the claims.

What is claimed is:

1. Electronic dimming apparatus adapted for use in a
distributed dimmer system, said distributed dimmer
system comprising at least one alternating current sup-
ply; a plurality of lamp loads at spaced apart locations;
a plurality of dimmer enclosures, said dimmer enclo-
sures adapted to h=Ilocated at spaced-apart locations in
proximity to said lamp loads, each of said dimmer enclo-
sures containing at least one semiconductor power con-
trolling means coupled.between a power input and a
power output, said power output coupled to at least one
of said lamp loads by means of at least one power con-
nector; elongated power conductors coupling said
power input of each of a plurality of said dimmer enclo-
sures to said alternating current supply, at least a por-
tion of said elongated conductors disposed within an
elongated, substantially rigid enclosure, said enclosure
mounting a plurality of power connectors at spaced-
apart locations; and means for triggering for variably
controlling the average power supplied to said lamp
load said means for triggering responsive to at least a
first input condition corresponding to a desired average
power to be supplied to said lamp load and having at
least one output coupled to said semiconductor power
controlling means so as to determine the power condi-
tion of said semiconductor power controlling means,
wherein a plurality of said dimmer enclosures are
adapted to detachably mechanically engage said elon-
gated enclosure, to provide a power inlet connector
coupling with at least one of said power connectors of
said elongated enclosure upon proper mechanical en-
gagement of said elongated enclosure by said dimmer
enclosure, and providing a power outlet connector
suitable for coupling said power output to said lamp
load.

2. Apparatus . according to claim 1, wherein said
power connector coupled to said lamp load is inter-
mateable with either said power connector on said elon-
gated enclosure or said power outlet connector coupled
to said dimmer enclosure.

3. Apparatus according to claim 2, wherein said
power outlet connector is mounted to said elongated
enclosure, and said power output is coupled to said
power outlet connector via said elongated enclosure.

4. Apparatus according to claim 3, wherein said
power inlet to and power outlet from said dimmer en-
closure are via a common connector assembly.

5. Apparatus according to claim 2, wherein said
power output connector is mounted to said dimmer
enclosure.

6. Apparatus according to claim 5, wherein said
power output connector terminates a flexible cable
mounted to said dimmer enclosure.

7. Apparatus according to claim , wherein values
corresponding to desired intensity values are further
distributed through said elongated enclosure.
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8. Apparatus according to claim 1, wherein said val-
ues are coupled between said elongated enclosure and
said dimmer enclosure by means of light.

9. The apparatus according to claim 1, wherein said
means for triggering is responsive to the zero-crossing
of the AC waveform and adjusts the relative proportion
of time in which said semiconductor power controlling
means is in a substantially conductive versus a substan-
tially non-conductive power condition, and produces a
change in condition at said output substantially corre-
sponding to the phase angle of said alternating current
waveform at which said semiconductor power control-
ling means must change from one of said power condi-
tions to the other of said power conditions to supply
said desired average power to said lamp load.

10. Apparatus according to claim 9, wherein said
semiconductor power controlling means has a control
input and is adapted to modulate the instantaneous am-
plitude of the voltage or current supplied to said lamp
load under the active control of said control input, said
semiconductor power controlling means further has an
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inherent minimum duration required for a transition
between one and the other of its substantially conduc-
tive and substantially non-conductive power conditions
in response to a stepped change between a value at its
control input producing the one and a value producing
the other of said power conditions, and wherein means
is provided for transition control, said means for transi-
tion control responsive to said output of said means for
triggering and having an output coupled to said control
input of said power controlling means, for controiling
the duration of the change between said value at said
control input of said power controlling means produc-
ing the one and said value producing the other of said
power conditions, such that the power condition of said
semiconductor power controlling means is gradually
changed between one and the other of said power con-
ditions over a period greater than said inherent mini-
mum duration and less than the remaining portion of
said half-cycle, whereby the electro-magnetic interfer-

ence product of said transition is decreased,
* * * * *
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