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| NTENSI TY GHAMYIBEST Field of the Invention 5 PCT/US98/19842 The.

present invention relates generally to electronic systens that enploy a
phase control technique to control tle ampbunt of power delivered froman AC

source/ AC line to a load, such as a lighting | oad. The present
I nvention specifically relates to a lighting control system- such as a
di mm ng panel or a wall nounted di nmer switch, that enpl oys. a phase

control technique to control the dimmng |evel of a lighting |oad by 10
altering the conduction angle of a thyristor that is in seriesr~sith the
| oad. Background of the Invention : The ,present.
I nvention is described herein in the context of a dimm ng *rTstem faor a
lighting load, but is not limted thereto. The present inventi-gg.has
PHASE CONTROLLED DIMMING SYSTEM WITH ACTIVE _ _ ..
FILTER FOR PREVENTING FLICKERING AND -

UNDESIRED INTENSITY CHANGES

Field of the Invention

5 - The present invention relates generally to electronic systems that employ a
phase control technique to control the amount of power delivered from an AC source/AC
line to a load, such as a lighting load. The present invention specifically relates to a -
lighting control system, such as a dimming panel or a wall mounted dimmer switch, that
employs a phase control technique to control the dimming level of a lighting load by - -

10 altering the conduction angle of a thyristor that is in series with the load. .
Background of the Invention

The present invention is described herein in the context of a dimming
system for a lighting load, but is not limited thereto. The present invention has
applicability in any AC phase control system where it is desired to minimize undesired

15 variations in the power delivered to a phase controlled load caused by a noisy or unstable
AC source, especially at low levels of delivered power.

Most lighting control systems that have a dimming capability employ a
thyristor in series with the AC lighting load to effect the dimming function. Dimming is
performed by altering the conduction angle of the thyristor, usually by delivering a trigger

20 signal to a gate of the thyristor such that the timing of the trigger signal varies with the
selected dimming level. In a typical forward phase control system, generation of the
trigger signal is synchronized with the AC line voltage (the fundamental frequency
waveform of which is sometimes referred to herein as "the AC fundamental") such that,
some time after a zero crossing of the AC line voltage is detected, the trigger signal is

25 generated, the gate of the thyristor is energized, and the thyristor conducts for the
remainder of the AC half cycle. During the time interval between the detection of the zero
crossing and the generation of the trigger signal, the thyristor is non-conducting (during
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between AC cycles or over periods of time, can be manifested as annoying and
unacceptable intensity changes, including visible flickering of the light source. Since the

15 conduction angle is dependent on the detection of the zero crossing, it is crucial that zero
cross detection be accurate and reliable. AC line conditions are rarely ideal, and less than

“ideal conditions can cause inaccuracy in the detection of zero crossings, with consequent

intensity variations and/or flickering, as well as other problems, especially at low levels of
delivered power.

20 The prior art has recognized that one condition that can cause intensity
variations and/or flickering is intermittent and/or periodic electrical noise on the AC line.
For example, voltage "spikes" can be imposed on the AC line by the switching on and off
of heavy equipment such as large motor loads. See Figure 1. Electrical noise on the AC
line can be incorrectly interpreted by the dimming circuitry as zero crossings of the AC

25 fundamental, and these false interpretations can lead to premature and/or erratic
conduction of the thyristor. The prior art has also recognized that another condition that
can cause intensity variations and/or flickering is distortion of the AC waveform, which
can be caused by the mere presence of other loads on the line. Distortion may be
characterized by a "bumpy" or "wavy" AC waveform, i.e., one that is not a smooth

30 sinusoid. See Figure 2, This "bumpiness” can also move relative to the AC fundamental,
1.e., it is not synchronized to it. Distortion can also cause false zero crossing detection.

One common prior art solution to the problem of detecting actual zero crossings in a noisy
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the last zero cross detection is used as the actual zero cross crossing of the AC line. The
20 window detection method can detect zero crossings in an AC line of unstable frequency
provided that the change in period is not so substantial that the actual zero crossing falls
outside of the sampling window.
The prior art, therefore, has attempted to detect zero crossings by either
operating upon a separately generated signal that is intended to replicate both the phase
25 and frequency of the fundamental of the AC line, or by operating upon the AC line itself,
Another condition that can cause intensity variations and/or flickering is
changes in the RMS voltage of the AC line. Changes in the RMS voltage of the AC line
can be caused by the presence of harmonics of the AC fundamental on the AC line; the
presence of these harmonics changes the shape of the AC line voltage waveform from a
30 pure sinusoid to, €.g., a generally sinusoidal waveform having flattened peaks, rather than

round peaks. See Figure 3. Changes in the RMS voltage of the AC line will cause
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15  line under combinations of these conditions, in part, because the prior arthasnot - -3
recognized this dynamic nature of the AC line. |
The applicants hereof have not only recognized the dynamic nature of the
AC line, but have also recognized why the prior art is incapable of addressing all of these
conditions. In particular, the applicants hereof have recognized that conventional

20 techniques for detecting zero crossings in the presence of noise/distortion are inconsistent
with conventional techniques for detecting zero crossings in an AC line of unstable
frequency, and that the prior art solutions to these problems conflict. For eiample, the
conditions of noise and distortion suggest that the AC line be integrated over a number of
cycles, and therefore over a period of time, as is done when using a phase locked Ioop.

25 The conditions of frequency changes and changes in RMS voltage, however, suggest an
instantaneous analysis of the AC line and an instantaneous response to any frequency or
RMS voltage change. Clearly, invoking a time delay and instantaneous analysis and
response are conflicting solutions.

The applicants hereof have also discovered that above described PLL and

30 window detection methods are inconsistent and conflicting solutions.

| The PLL method that is effective in a noisy environment is ineffective
when the AC line frequency is unstable, because the PLL effectively employs an
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changes in light will occur.
The window detection method that is effective to detect zero crossing in an
AC line of unstable frequency is ineffective in the presence of noise/distortion because,

15 when the sample window is open, any zero crossing that occurs, whether due to noise,
distortion or an actual zero crossing of the AC line, can be taken as the actual zero crossing
of the AC line. This type of system does not adequately distinguish noise and distortion
from actual zero crossings, and can possibly aggravate flickering/intensity variation
problems caused by false detection of zero crossings due to noise/distortion.

20 Thus, at least in the United States, where the frequency of the AC line -
delivered by U.S. electric utility companies has tended to be very stable, there has been no
substantial need and /or effort to address the issue of frequency change in the AC lineina
dimming system, and the prior art has tended to focus on the conditions of noise and
distortion.

25 Some prior art systems gate the thyristor at regular periodic intervals, based
on a selected dimming level, on the assumption that there will be no change in the timing
of the zero crossings of the AC fundamental, or in the RMS voltage of the AC line after
the thyristor has begun conducting. They are designed to deliver what is assumed will be a
fixed amount of power once conduction begins. In these systems, the problems caused by

30 frequency changes and changes in the RMS voltage of the AC line can be exaggerated.
For example, in a given cycle, both the frequency of the AC line may change (causing a '
change in the time between zero crossings), and, the RMS voltage of the AC line may
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The prior art also includes a dimming system, known as the N-Module, that

15 hasbeen made and sold by the assignee hereof. A simplified diagram of a portion of the’
N-module is shown in Figure 4. As shown, a transformer T1 steps down 120VAC {6
24VAC. A 2.2uF capacitor C1 placed dcross the output of T1, and before the full wave
bridge rectifier (FWB), combines with the inherent leakage inductance of T1 to form an*
LC filter that reduces or eliminates frequencies above about 1.6 kHz. The filtered signal is

20 supplied to the FWB, and the full wave rectified output of the FWB is analyzed for zero
crossings by a zero crossing detector ZC. The output of ZC is then used for dimming
purposes. This prior art does not address any of the above discussed problems. This type
of system will operate satisfactorily when the AC line frequency varies, but may not

operate properly when the AC line is noisy because the comer frequency is too high to cut
25 offnoise components in the frequency range 60Hz to 1.6KHz.

The applicants hereof have determined that a solution to the dynamic
problem discussed above requires a system that has both a fast response (for dealing with
frequency variations in the AC line) and a narrow bandwidth (for eliminating the effects of
noise and distortion outside the range of the fundamental frequency). The present

30 invention is directed to such a solution.

Brief Description of the Drawings
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based findamental waveform or the second harmonic frequency of the AC fundamental

waveform from the AC line waveform.. .

Figure 8B is one embodiment of a zero crossing detector that may be -
employed in the practice of the present invention. ‘

20 Figure 9 is a spectral plot of filter characteristics for three different filter
types. .

Figure 10A illustrates an AC line voltage waveform, and a recovcréd, phase
delayed, AC fundamental waveform, together with an exemplary output from the zero
crossing detector.

25 Figure 10B illustrates an AC line voltage waveform which has been full
' wave rectified, and a recovered, phase delayed, second harmonic frequency of the AC
fundamental waveform together with an exemplary output from the zero crossing detector.

Figure 11A and 11B are spectral plots illustrating the performance of the
present invention.

30 Figure 12 is a flowchart illustrating an algorithm that may be carried out by
a microprocessor, for maintaining constant duty cycle, according to one embodiment of the

present invention.
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on t he thap ef thg € ling vohage waveform The Zero crossing mdxcauons are employed by a
controller, such as a microprocessor, to calculate when a controllably conductive device
interposed between the load and the AC source should be rendered conduetive. The ]
controller is responsive to the zero crossing indications and to a desired power level set by
a user to con.trol the conduction of the controllably conductive device.

15 In a preferred embodiment of the invention, the filter is an active low pass
filter that attenuates frequency components of the AC line voltage waveform that are
substantially equal to third harmonics and greater of the AC fundamental. In one
embodiment of the invention, the filter is designed to provide a substantially linear phase
delay of less than one half of a period of the frequency of the AC fundamental and has a

20 substantially flat frequency gain characteristic up to about the frequency of the AC
fundamental when the filter receives the AC line voltage in unrectified form, or up to
about twice frequency of the AC fundamental when the filter receives the AC line voltage
in rectified form. In this embodiment, the filter is further designed such that its gain
characteristic decreases rapidly thereafter. For example, where the AC fundamental

25 frequency is in the range of 50 - 60 Hz and the filter receives the AC line voltage
waveform in unrectified form, the filter may be designed to have a corner frequency of
about 55 Hz and to provide a phase delay of about 135° at the fundamenta] frequency and
no substantial gain after about 150 Hz. By way of another example, where the AC
fundamental frequency is again in the range of 50 - 60 Hz but the filter receives the AC

30 line voltage waveform in rectified form, the filter may be designed to have a corer
frequency of about 111 Hz, and to provide a phase delay of about 135° at the fundamental
frequency and no substantial gain after about 300 Hz.
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Detailed Description of the Preferred Embodiment

The preferred embodiment of the present invention is described herein in
the context of a dimming system for a lighting load, but is not limited thereto, except as

-7 -

15 may be set forth expressly in the appended claims. The present invention has application
to any AC controller that employs a phase control technique for control of load power, i.e.,
a system where a controllably conductive device is either turned on or off based on a
length of time after detection of a zero cross of the AC line, for example, a phase control
or reverse phase control dimmer. Additionally, the present invention is described herein in

20 the context of a wall mountable dimmer switch, but has applicability to any dimming -
system, including, by way of example, dimming systems with panel mounted dimmers,
and the present invention is directed to and encompasses all such systems. The
implementation of the present invention in such applications and systems will be readily
apparent to those skilled ini the art from the following description,

25 Referring to the drawings, wherein like numerals represent like elements,
there is shown in Figures 5 - 7 three different embodiments of a dimmer switch, such as a
wall mountable dimmer switch, for a lighting load, each employing the present invention.
Figures 5 and 6 illustrate the application of the invention in a typical three wire dimmer
switch, and Figure 7 illustrates the application of the invention in a typical two wire

30 dimmer switch. Each embodiment is characterized by a pass band or low pass filter that
receives the AC line voltage either directly, in unrectified form (Figures 5 and 7), or in full
wave rectified form (Figure 6). In each embodiment, the output of the filter is supplied to
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at a zero crossing o e input sign: thereto is detected.

Microprocessor 26 is programmed in well known fashion to set the desired dimming level

15 inresponse to the zero crossing indications and the selected dimming level. A power

supply 32 supplies necessary DC power to the microprocesssor 26. A power supply:33 on

the AC side of the bridge 34 supplies necessary power to the filter 30, the

ZEro cross

detector 28, and the optocoupler 35. A full wave bridge rectifier 34 is employed to rectify

the AC line. The foregoing discussion is applicable to the three wire dimming switch 10'

20 of Figure 6, but the explanation thereof is somewhat simpler. In Figure 6,

since the filter

30 is on the DC side of the bridge 34, the power supply 32 supplies necessary DC power

to the filter 30, the zero cross detector 28, and the microprocessor 26 and a separate supply

is not necessary. In Figure 5, the circuitry shown in dashed lines (optocoupler 37 and the
"lightly filtered" circuit 41), and in Figure 6, the circuitry shown in dashed lines (the
25 "lightly filtered" circuit 41), and their connections also shown in dashed lines, are optional.

An explanation of the "lightly filtered" circuit follows hereinafter.

In the embodiment of Figure 7, the two wire dimming switch 10" is

connected to one side of the load and to one side of the AC line by wires 16, 18 in well
known fashion. Again, the load 14 is in series with a thyristor 22 that controls the RMS

30 voltage applied to the load 14 in accordance with control signals supplied

to a control

electrode 24 associated with a control device 22 by the microprocessor 26. The operation
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may be carried out by

Figure 12 is a flowhart illustrating an al gorithmthat

a mcroprocessor, for maintaining constant duty

cycle, according to one enbodi ment of the present invention.
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frequency components of the AC line above the fundamental frequency (or above twice
the fundamental frequency in certain cases), and to do so "quickly", i.e, with minimum,
phase delay. In other words, the filter has a substantially flat frequency gain characteristic
up to about the fundamental frequency (or up to about twice the findamental frequency in

certain cases) and a rapidly decreasing gain characteristic thereafter, and interposesa -

substantially linear phase delay (constant time delay) in the pass band to the fundamental . .

frequency component. The output of the filter therefore is the AC fundamental component
(or the second harmonic frequency of the AC fundamental component in certain cases),
time delayed by a constant amount relative to the AC liné, that is substantially free of -
noise and distortion. Importantly, since the output of the filter is the AC fundamental -
component {or the second harmonic frequency of the AC fundamental component) of the
AC line, any fundamental frequency variations on the AC line will appear in the AC
fundamental component (or the second harmonic frequency of the AC fundamental
component) at the filter output. Therefore, the AC fundamental component (or the second
harmonic frequency of the AC fundamental component) present at the filter output is 2
nearly ideal signal for zero crossing detection.

Figure 10A is a plot showing the AC line entering the filter 30, line 60 of
Figure 10A, and showing the output of the filter (AC fundamental), on line 62 of Figure
10A. Line 64 of Figure 10A shows the output of the zero crossing detector 28, where
rising edges are indicative of zero crosses of the AC fundamental, line 62. The plots
shown are for a 50Hz line frequency, i.e., a 10msec half period. The plot of Figure 10A is
applicable to embodiments of the invention where the filter 30 is on the AC side of the
dimming circuit, e.g., Figure 5. It will be seen that, in the example of Figure 10A, the plot
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delay at which_the
properly gate the thyristor. The microprocessor is programmed to attempt to maintain

constant duty cycle. Constant duty cycle means that even if the AC line frequency 3

15  changes (which will change the time between zero crosses), the amount of power output to
the load will be held constant. In order to maintain constant power while the AC lifie
frequency is changing, the amount of time after the zero cross that the thyristor is tobe
fired must be adjusted. If the AC line frequency increases, e.g., if the frequency changes
from 50Hz to 50.1Hz, the time between zero crosses decreases and the amount of time -

20  after the zero cross that the thyristor is to be fired must be decreased in order to keep the
output power constant. The opposite happens when the frequency decreases. Constant
duty cycle is explained in more detail below in relation to Figure 12.

Preferably, the filter 30 is designed to remove or substantially attenuate

frequency components of the AC line voltage waveform that are substantially equal to

25  third harmonics and greater of the AC fundamental. Second order harmonics are not an
issue on the AC line, and any noise and distortion components are likely to be in a
frequency range greater than the second harmonic frequency. Though an ideal filter would
provide no phase delay, practical filter implementations always interpose some phase
delay. In the preferred embodiment of the filter 30 of the present invention, the phase

30  delay should not be more than half the period of the fundamental frequency (i.e., less than
180°) to ensure proper dimming function. In a 60Hz line, conduction angles of 135° or
more, which translates to about 1 - 3 msec of conduction time of the thyristor, represents
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filter thatchange from using information a half cycle old (i.e., from the previous half cycle) to using

information from the same half cycle to fire the thyristor. Determining and programming
such a transition, however, may complicate the coding of the microprocessor. For - - !

20 simplicity, information about the length of the haif cycle ﬁt;m two prior half cycles may be
used, Another reason for waiting until the next positive half cycle to use information -
about the previous positive half cycle is that the positive half cycle and the negative half
cycle might not be symmetrical about zero volts. It is preferred to correct the dynamic
problems during the same polarity of half cycle that the problem occurred, even if it is

25 delayed by a full cycle.

Turning now to Figure 5, it will be seen that the filter 30 is coupled to
receive the AC line 12 in unrectified form. In other words, as mentioned, the filter 30 is
on the AC side of the circuit. The output of the filter 30 is supplied to zero crossing
detector 28 as above described. Since the filter receives the AC line in unrectified form,

30 i.e., the filter 30 receives the AC line at the fundamental frequency of 50/60 Hz, the

criteria of an embodiment of the present invention may require that the gain characteristic



receives the AC line voltage either directly, in unrectified form (Fi gures

5 and 7), or in full wave rectified form (Figure 6). In each

enbodi ment, the output of the filter is supplied to WO

99/ 18651-
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zero cross detector and the output of the zero cross detector 1s supplied
to a m croprocessor (or an analgpg-control circuit).
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otherwise identical to that of Figure 5.
Figure 10B is a plot showing the full wave rectified AC line 60' and the -
15 recovered AC fundamental 62, i.e., the output of filter 30", for embodiments of the -~ - ¥
invention where the filter 30' is on the DC side of the dimming circuit, e.g., such as in the
embodiment of Figure 6. Note the phase delay between the two waveforms, =
One important discovery that has been made in connection with the present
invention is that there is sufficient information in the full wave rectified AC line to -
20 essentially reconstruct the second harmonic frequency of the fundamental component
therefrom. Thus, when a filter 30" is constructed as described herein and is employed in
the dimmer switch 10' of Figure 6, the output of filter 30' will be the second harmonic
frequency of the AC fundamental component, since the input is full wave rectified. This is
illustrated in Figure 10B where the input full wave rectified AC line is designated 60' and
25 the output of the filter 30' is labeled 62. It will be noted that the output 62 is phase delayed
in respect to the input 60', as discussed above.
The phase delay of output waveform 62 from input waveform 60' is due to
two components, a 900 phase shift caused by the full wave rectification, i.e., 2.5msec for 2
50Hz supply and a 3msec phase delay through filter 30", which has a corner frequency of
30 111Hz, for a total phase delay of approximately 5.5msec.
In the dimmer switch 10" of Figure 7, the filter 30 is disposed across the
thyristor 22, and therefore receives the AC line in unrectified form, and the preceding



detector 28, and the optocoupler 35. A full wave bridge rectifier 34 is
enpl oyed to rectify the AC line. The foregoing discussion is
applicable to the three wire dimmng switch 10[err] 20 of Figure 6, but

t he expl anation thereof is sonmewhat sinpler. In Figure 6, since the filter
30" is on tHRIMBEE de of the bridge 34, the power supply PEIUSHNSE42es
necessary DC power to the filter_30, the zero cross detector 28, and
the m croprocessor 26 and a separaté %Uppl y i s not necessary. In

Figure 5, the ci.rcuit.r hq L n dash I nes (.opt.ocoupl er,.37 and { he
"Iightly fi{ferage °‘ch1’L‘F'}cl‘ﬁ?1“ ‘ﬁ%‘f“ea%aﬁ"raﬁg#bﬁﬁ@ ‘%‘féaff‘ﬁée ?BF@&‘W%‘H@% in
dashed | i nesuchiabishodn in Figh@!T, the vbitdge aerosk theihihistort224slthe oﬂ?dviii&?fb%i#ﬁﬂ.nnec'[ i ons
al so shown jn dashei\&yl %nes are optional.. An expl anation of the
“Iightly fiFereaebalicyeleef ACiHze valiage b ¥liags gogqss the thyristor 22 begins st zero | ¢ he
enbodi nent ' Al M gm%qq% ' nlfe vi nect ed
to one si deﬁg‘ﬁlﬂdgg%%‘)ﬁéﬁg to ghgmgeincdﬁé of’ tﬁ%ﬁﬁ%@wglﬁﬁﬁ%’?@ 18 in

wel | 5 kthysistor 22qellapses todhe farwardywoltageidrop af the thyristox(typécallyit Stvolis)t Bhe i st or

22 that con EPS I ﬂﬁm]'. ]| ?fqg i N, or dance
W th controf'&%%fla S ?tg@ﬁfu?g%ﬁtvgﬁ%%co trgfﬂe&?d&ﬁeec r %}é % gfc:)ci at ed
wi t h a cont awwbssdsthyrist® 22 kpavhileblefor the porobsisnitry26 intéipret aydawsafor on-

\AVC::)T? ?J/Sé 2/6 i égogomng the thyristor 22, as well as ancillary circuitry, The signal across the t&&is}or

the two wi 22 sivayeto nlﬁﬁsfﬁ&fie éc?nlslmhhﬁro!\mmﬁﬁé iitage. allﬂxe%ighzgfaﬁbb&nﬁ@f ve.
Not e optjonal |, "l i ght i ltered" .circui , _expl ai ne ereinafter.
In Fi gurks ‘BYWHW"%‘WmcﬁﬂF&BW@A FV?F@!{‘)‘E?"’HB{%P%@fpr ovi ded
over the ophirBfics SRAPRWithAahtievdl BetOrEdR velQs with dtbinihglpoweeiRuality.r A4 t 41

to the 5 mcroprocessor, 26 for purposes described hereinafter.
previously discussed, gating of a thyristor in an electronic dimmer requires a steady zero

of

cross reference; this is also true for two wire dimmers. Since the zero cross filter . . .
previously described has the characteristic of finding the fundamental in the presence of
15 distorted waveforms, it is well suited for finding the fundamental remaining in the voltage .
across the thyristor 22
A four pole Bessel filter has been found to provide the desired results
discussed above., One preferred implementation of a four pole Bessel filter is illustrated in
Figure 8A. The implementation of Figure 8A has particular application to the
20 embodiments of Figures 5, 6 and 7 since, as described below, its gain and falloff
characteristics have been designed to meet the criteria discussed above in connection with
Figure 6, namely a phase delay of no more than 135° at 120Hz. (Implementation of a
similar filter to meet the criteria of Figures 5 and 7 is straightforward.) THE ART OF
ELECTRONICS by Panl Horowitz and Winfield Hill, second edition (1991), Chapter 5
25 (Active Filters and Oscillators), pp. 272-275, fully describes active filter design and
design criteria, including design of Bessel filters, and is incorporated herein by reference in
its entirety.
Figure 8B illustrates one embodiment of a zero crossing detector that may
be employed in connection with the present invention.
30 In Figures 8A and 8B, IC1 is a LM324N, as manufactured by SGS

Thomson.



According to the invention, the AC source voltage is provided to a | ow pass
active filter 30, 30[err] and the output of the filter 30, 30" is supplied
to a zero crossing detector 28. Thus, the ACline is filtered first,
and the filter output is checked for the occurrence of zero Ccrossings.-
The functi ogogéndstye filter 3,30[err] is to substantially peprRNAEH
attenuate 10 frequency- conponents of the AC |ine above the f undanent al
frequency (or above tw ce t he fighdanmental frequency in certain cases),.
and to do so "quickly", i.e, with m ninmm phase delay. In other
words, the filter ha§1gar591ﬂsmm- 'tlmlghm chhﬁterfsﬁeqﬂﬁélBysselajlﬂSrﬁﬂEélﬂGSRVi stic

{1 cauency 1 e 50 Bl ARR Mk el ideroben s oot el o anda

char act er i sChebyshe e (bave 543 ﬂékxgdé& & ROEESatRutl35° ﬁmﬁs aasy dt@hd)Hz, L\é RAgar phase
delay (constant_ tjme del a g In_the pass band to f undanment

frequency cRsisehhwik theembo i F%Sf“etq‘]e‘\sfvr'lﬂlbéﬁef’tlﬁb? EF%?Iéﬂ‘ieE;Oﬁﬁi@m&\
fundanentsal 46 9 BRABCRquency of d3ht 11317336 &Ctréiﬁfvm gnﬁg edg@yof the AC

fundament al conponent” In"certaln cases a const ant

amount r el #¢hebpshey filters) astallowgein roleff Slilo,htha!lﬂmfﬁmhaahb yp}fteowle:gmn (less noi se
P damront o) P07y Il s tn 2LAGE: SIE QY for e crBSaiblebd Fhighte 4 31° 1O

f undament al onent (or the secon ar nmonic requ ncy %e AC
f undanent al Flgmﬁoﬂle notherdfequedney would praferdhlyies abawtysS Haruid therdlidff wowldbency

ariations AC. .l i.ne I n ntal conmponent
\(/orl t hla sec%nd&ﬁle?‘@frg‘af?w gﬁ@@ggwneh%vegﬁouﬁ@ﬁh%ﬁqmc%w?ead imt‘,iorrpon(ranrit) at
the filtior advimageousTy)éthas Weefouhhma@ﬁeimdymnbﬁkomnwého@%ym%second

har nmoni ¢ fr ency, of t C funda ntal copponent) present at the fllter
output is &ﬁ&%‘f’vﬂ%ﬁé\ﬁlﬁ idep e st peauFy @ FRYIZERI Wigh 3 esppstant

Fi gure 10A phssed emﬁ'gind%ﬂ@%méﬁenﬁﬁﬁéqﬁ&cﬁ%ﬁﬁét{bﬂ1ﬁﬁﬁ]pf)ftx"oﬁgfth§0 line 60 of

Fi gure 10A, and wing the qQutput of the filter undanmental ), on |line

62 of Fi gurféeanency spesprumof mestgmpesiangs, gw@ﬂlecﬁxstsf%hsmon@s el fhpfimdamentdhe zero

crossing de ;*\é{gﬂ. d ol o]

crosses of %%?S%\rcﬁlﬁ F} ame n?a?ut lsI x}o?]ié&%%&ye%%‘éq]%% gldﬁ% élﬁ%om%és@f?éh%% a 50Hz

| i ne frd§uesiapler to design mmls@entmﬂmmesq iblps aTﬂ%Slechnonsﬁnt Phageidelayl OA i s

applicabl e é&rﬁ@%@hﬁ%ﬁn&ﬁegﬁé}.[@y' nvention where the filter 3Q.is on the AC
i n

side of th Figure 5. It will be seen that in
t he exanpl e of Fi gurBefcﬁmthﬁglrp* lﬂAand 10B, it will be seen that the filter outpiit

(recovered AC fundamental on line 62), or second harmonic frequency of the AC- - -
fundamental on line 62') is substantially cleaner than the incoming AC line.

20 Figures 11A and 11B are spectral plots of an exemplary AC line into, and
the recovered signal out of, the filter 30, respectively. It will be seen that the frequency
content of the recovered signal above the fundamental frequency is substantially reduced
relative to that of the AC line.

' Figure 12 is a self-explanatory flow diagram for the microprocessor 26 for

25 maintaining constant duty cycle. In order to make optimum use of the stable zero cross
information, it is important to keep the thyristor conduction time a fixed duty cycle of the
fundamental AC line frequency. In order to accomplish this, the computations to find the
thyristor turn on point must first use the latest period time to find the high end and low end
limits. At 200, the microprocessor captures the most recent zero cross (Tg) and the

30 previous zero cross (T,) of the output of the filter 30, 30’ and then calculates the half cycle
period. In a system presently commercially available from the assignee of the present

application, sold under the name Grafik Eye 4000 Series Dimming Panels, the end user is
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of the output of the filter 30 is phase delayed relative to the AC |line

pl ot 60 by agproxi mately 5nmsec. When the AC Iine 60 crosses fromthe
negative hal"P%J¥Fe to the positive half cycle (i.ePGI/us9B/t984 0SsSes)
at point A this is not detected by the m croprocessor 26 until point

A" (approximtely 5nsec |ater). WieRlthe AC Iine 60 crosses fromthe 5

positive h I Q0 _the ne Y f cycle at point B, this is not

det ect ed b;a/eh %’P\%X&’ get&’ﬁi“@?‘%%ﬁ%ﬁ%‘f“@?ﬁ ’P"%’BWPVB“‘F" Byedisting theigk e del ay
time is theenklj th end uket eun cithértedudd e maximint Vdl@ge #@leMénd inBEdbs erﬁﬁm%flﬂ‘ﬁnt on
the cut off f.re%g cy selected. In the preferred enbodi nment ;” the '

cutof f fredtfélfE SRaxppp Yoltagegnd obtrinmoredight aptpuy ApiRotterat elrid Smeec
filter del %ﬁcﬁ‘dp?&ess&‘&ldﬂéﬁé’s%lﬁ%?&?% a hhcBoD iodl. "By %@é@ﬁgﬁ%g&? about
O I - s

the zero crosses 10 from point ) point C; this s nmeec.
The i nf oPmefifidothe sRsser ¢an@roperly set thegnininuins valtsgeiwhigh isiveryriimportant witkssor 26 t o

determ ne t [ f l, 62 ich.w |l used in
order to mfor%?éo%clar yﬁgﬁog"%’%g’?%‘ﬁ’??{e% g%%% tl}ﬁqg?'tfgé]ﬁscaé@g%nl"g&ﬁrogramd
to attenpt pesiogmiThe highend adjustuenttange is 6026 Yo £5% (1), with iitseutihg tiicxllyeatCl € means
that even i o Line, frequenc 5 ¢ which will change the tine
bet ween zer%oé{%ségg ﬂcaﬂ?%mgﬁ%%ﬁfx%? aB‘b‘ag&%gﬁftfb'\?fes‘feBt 16ods. thtge %B!fal will be
hel d const antandéscen ik sct a thetiigh @idron®OHE diné, tHOMRls WA Fifing fge 4C | | ne
frequen ter the zero cross that the

I s _changi,ng, .t he amount of ti a s
thyri st 336 i APPTOFHy ely%.42mpqcrz§ar &o B@%@E&%H‘.‘&Iﬁeﬂ% endcadjystipent yapgpuency
i ncreases, ig5% to 49% (M)ewitk @@ Hﬁﬁh@’tyﬁihﬂl}%@ﬁmout 5% féﬁi&dzh‘?a%&t foRdsfla 3¢z, the

time between zero crosses decreases and the anount of tine 20 after the
zero cross PAK307hor fingrescent doads. Far dhetupical incandesesnt lpad sgtad thedewdnd en or der t o

keep the  soHzQihkRHEs rRAUER aGRAS titilor aﬁ&ﬁ%ﬁ%smpﬁg RS (;}‘%he
frequency decreases. Constant
ACline. The system allows the end user to set a dimmer to a light level by selecting a-
15 value from a digital display. The display has an intensity range of 0-100, wherean .. -.
intensity 1= 100% represents the high end and an intensity I = 0% represents the low end.
At 206, the microprocessor determines the amount of time after the zero cross of the AC
line to fire the thyristor using the formula: Fire = High end + (low end -high end) * (1-I).

At 208, the microprocessor then fires the thyristor at time T, - phase delay + Fire using a

20 phase delay value retrieved from memory at 207. This phase delay value is the phase
delay, ¢ delay, shown in Figures 10A and 10B. A nominal value for the phase delay of an
ideal filter, e.g., Smsec, can be stored in microprocessor 26 when the system is -
manufactured. This nominal value can be replaced with a value which reflects the
measured actual phase delay of the specific filter 30, 30' connected to the microprocessor

25 26 as described below in connection with Figure 13, At 210, the microprocessor then
waits for the next zero cross, and the sequence begins again at 200.

It has been determined that, in mass production, the amount of phase delay
through filters 30, 30' of Figures 5, 6 and 7 will vary by as much as 200 microsec within
the same lot of components due to component tolerance. A variation of this size can cause

30 undesired results especially at low light levels where the on time of the thyristor may be as
Iittle as 900 microsec. The phase delay may also change slowly as the components age or

as the operating temperature changes. In order to compensate for this variation, the



duty cycle is explained in nore detail belowin relation to Figure 12.
Preferably, the filter 30 is designed to renove or substantially attenuate
frequency conponents of the AC line voltage waveformthat are substantially
equal to 25 third harnonics and greater of the AC fundanental. Second

or der har magd 6diiggde Not an I ssue on the AC |ine, angdcpiyesiodsse and
distortion conponents are likely to be in a frequency range greater

t han the second harnonic frequency..i8hough an ideal filter would

provi de no phase delay, practical filter inplenmentations always interpose
sone phase microprddedsénr:ze ﬂuﬁf Hehaﬁ»gﬁnﬁﬁ&{tbedjuamjmgmfgﬁmm gnspmmera'# Fﬁﬁ“?? 01;] t he
present inventiop, the phase. del gy ou not _be nore than half the
period of th %ﬁﬂ&mm%ﬂ’?ﬁéﬂ%ﬁ%@ﬁ@r@ input ntp the microprocepsas 26, This ¢
ensur e pr oRSreuiflddEotdard d16ats dietlyl oFf the B0 Helok thebugk BpHbaat dpRitowiha!3¢ $n Of
135[err] or . .more, which translates to about 1 - 3 nsec of conduction
time of thdheeitpuitef BigureSepyith iklsogno phase delay. "Light fijering"qap b performed by

PCT/ US98£ 1 : g : o
G i g 7 A el uogelly pasive) Lo s fie,for cxample 8 singlereistor qappitoshet,
mani f est ed vekose cutoff frieqiicneyi is tpwaandugh 1o eenadve ys muehi aspossitle of thedingfnoisé but.r om a

practical stan | h . t han about
Do ol SRRk bt b0 PR 5 e 00l s AR 020 200
line) for teneughthatopriaionssfihat phesecielap wiith variation ehith romponemntgblerances (dven e t he
e o e o 3056 ot NPl S e el 15 1o
enough, 10t peffomidd/ty spf@ére RdutindsGndorgofatédiftotniiyropratesorat. Pigurtl3Ghowsar after

oint C in.the negative
P ﬁlterphaseg

t he

elay compensation flowchart. In this embodiment of the invention, the
system monitors the lightly filtered AC line 42 and measures the phase delay between it -
and the "heavily filtered" AC fundamental or second harmonic frequency of the AC
fundamental output from the filter 30, 30". "Heavy filtering" can be performed by a low-

15 pass filter (such as the active low péss filter described above) whose cutoff frequency is™
close to the fundamental line frequency (or twice that frequency, when the input to'the
filter is a full-wave rectified waveform), or a narrow-band pass filter. sy

Using this information, the microprocessor 26 can derive the phasedelay of

the actual filter 30, 30' from the difference between the heavily filtered and lightly filtered

20 inputs. Even if the lightly filtered line 42 is unstable due to line noise, the microprocessor
26 can average this value over many line cycles to minimize the influence of the noise. -
Thus, the microprocessor 26 can compensate for the phase delay.

Figure 13 shows a flow chart for implementing the zero cross filter delay

compensation system shown in dashed lines in Figures 5, 6 and 7. At 100, the

25 microprocessor captures a zero cross from the lightly filtered line 42 into the
microprocessor 26 as T1. At 102, the microprocessor captures 2 zero cross from the
heavily filtered line output from the filter 30, 30’ into the microprocessor 26 as T2. At
104, the microprocessor calculates the difference between T1 and T2 and stores it as ATn.
At 106, the microprocessor takes an average of the last K samples of ATn and stores this

30 as ATavg, where K is an empirically chosen value from 10 to 10,000. At 108, the
microprocessor stores A Tavg as the phase delay value to be retrieved at step 207 of the

routine illustrated in Figure 12 in place of any previously stored value.



hal f cycle, with the zero cross information of the same half cycle. It is
at these low |ight | evel s when the present invention is nost
beneficial. If the requested dimm ng level is 10 such that the thyristor
must be fired at a point prior to point C in a half cycle, the system
will wait OM@PI1865le next half cycle and will use the infcmoraissmssfzr om.t he
previ ous hal f cycle. The systemw ||l use the nbst recent zero cross
and period information available, -19- which may be froman earlier half
cycle of the sane polarit In a best case scenari o,

.. X . .
the nicroprocessor Zdegpytine {lingtratecip thesiqvoehariiobFigured 3 is prsformeds cross from
the sane h i i j LSy 119:36: L4 di mm n
odfcfy & dpBatdiles rﬁh@ﬁe@?%?}x&% dkidy. l?xsmyqxédfl]l?%ﬁré% ellfxan{Lﬁe 9

systemis Tfading froma hig o a lowl
m cr opr oc epeHar ivapplied to the systemisnd then atrleast orse per dayf Bowenter,dicaabbial f cycle ol d

(i.e.; fro ' f e) to using irnformation fromthe
sane hal f %ﬁ#%%@%%ﬁ%ﬁé%ﬁeﬁfermm ng and progranmm’ng

such a tyansiti OE, I‘Igngm/sk_flledlimﬂa;?mwﬁl_lﬁ%p@écﬁteithﬂa&@%&ﬁ?s?ﬁcﬂf@mu@(th. - '
m croprocessor... For 20 . si i C | rmati on abou e len 0 e
hal f (F:)ycl &T‘?"’WW&#‘B? F‘Bﬁ”‘t%@féy%q“@@?pg?pi?@r&m%%waﬁnpt hgr reason for
wai ting Unimglerhdiation 6F the @fidléd haeavat filtér MiscRsddhettfifmby b dniPMdye bnd such about
the previous positive half cycle is that the positive half cycle and the

e ] focy
negat i ve hEoptitution is Wythindhe s ofiths Praseniipyention. | A systeaperplovieg dighadl ts. It is
preferred lignd fideing (DSPYWMBANigh speed ardlodlib Gifa) doveiSy 4 D SerdlttitndOod 1 1Y OF

hal f cycle at the probl’em occurred, even i s ayed by a full
cycl e. 10 kH2) can sample and then rqgreqis thg insomingaAG-ling. risirg cither afagt Fowierseen t hat

the filter i I iV i in.unnectified
form In o’tI e?dn\%oc’?gjss? pggg%e%ﬁﬂ tgﬁg‘gsﬁfﬁgq?‘}':ﬂ?%%d;}gss]fﬁm’ chrf %ﬁ% si de of
t he circui HilteFhant eupt frequensly abdwe thia fandamedBl. | Thiseopld eared instzadrof therfiMesi ng
detector 2 bhove scri bed. . St nce e filter regcepve he AC line in
unrectifi egesgl%bre%ag%ﬁ‘ icl%g.m,mafrﬁ% ?’P‘?at“éep%ge?“&cgi%g’e? ﬁ%h%ﬁﬁ? h}?&efaff%e

f undanent adetéaterqné they imé the GdiérOprblessdr xtorder to propértyefire thethyriztor,aiinasi ment of

t he present i.nventio r ire that, the In characteristic
P ISSe prevxous?y escnnbeg.a)f'he ﬁgy, zero cross detector chmprocessor canbe.

incorporated into one device.
The present invention may be embodied in on other specific forms without -

departing from the spirit or essential attributes thereof, and accordingly, reference should

be made to the appended claims, rather than to the foregoing specification, as indicating -

20 the scope of the invention.
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the filter be substantially flat up to about the fundanental frequency of
50/ 60 Hz, but this is not critical to the overall operation of the

i nventi on. wo 99718651 In the dimrer swtch 10[ perrbsoghiossz gure 6,
the filter 30" (which is substantially identical to filter 30, except

as described hereafter) is coupl ed-2@-receive the output of the 5 full
wave bridge rectifier 34. Thus, in the enbodi nent of Figure 6, the filter

30[err] isChAmNBEe DC side of the circuit, and receives the ACline in
full wave rectified formrather than in, unrectified formas in Figure
5. The filter thus receives the ACline at twice the frequency ' * of the
AC line 12;(and at tAMoa@cdnlitl systemufertrsliing ptaver tiétivered HOmai AC lineteas) .

Therefore, the ., .criteria of an enbodi nent qf tt{}éa%g)rsese t invention may
require t higed.owhereimths ACHlnedas 2 fundqmental gomppentpthe RaAgEeht i al |y fl at

up to abou{:ongr#}ggﬁgf ce the fundanental frequency of 50/60 Hz, i.e., that
it be substantially flat up to about 100/120 Hz, although, again, this is
not 5critical tatheadimbeizuit comprising Hfiltesthaf aftenpaigsdrean®aY The di mer

swtch 10[err] of FEigaur, ' ] | ' gﬁfg" : i gure 5.
Figure 10 B&l%‘lage%tf g‘ttg%ﬁg:v]ﬁ%ﬁgﬁf fie s‘fbﬁﬁ%&%\\/@lgé?édc@??l“g 19}}1%2;?} %Sﬁ Lt(?{Ir?d the 15
recover ed é€hé fimdamendl flequidcy, rudthat prowides atfilteed signdl isutstantidiy[fee of ndissr

enbodi nment s %t hﬁ] inv&nt icﬁln where the filter 30" is on the DC side of

the di mni n@“dg ftGiop pregenf on the AG fine, "5 74 e enbodi nent of Figure 6. Note

t he phase del ay betvwen ub&ohd\ircohyyeztivingshe filtered signal and providingan One
i mportant di scoverP/ t hat has beetp_ made in connection with the present

i nvent i ¥h méication ofizgro crossingsthereotei ont information in the full wave

rectified AC line tq)20 ;efseitchitthkipréveRRsitidlsigndldia respeme theze®ni c
frequency of the fundanental conponent therefrom Thus, when a filter
30' i s congopsing iadicationgieadr i bed herein and is enployed in thé di nmmer

switch 10[err] of Figure ,Qentolgblf bddubtiveidetite fof EontBilably dpplyirgthd£CE he second

har noni ¢ frequency of the AC fundanmental conponent, since the input is
full wave Heetoithélsad inTksponsedo the contyol sigeals at ed i n Fi gure 10B whére™the i nput
full wave rectified ACline is designated 60[err] and -
15 2. The load control system according to claim 1 wherein the first circuit is
coupléd to receive an unrectified AC line, the filter providing a substantially linear phase-
delay of less than one-half of a period of the fundamental frequency and having a -
substantially flat frequency gain characteristic up to about the fundamental frequency and
a rapidly decreasing gain characteristic thereafter, the filtered signal being a substantial
20 representation of the AC fundamental.

3. The load control system according to claim 1 further comprising a full wave
bridge rectifier for providing a full wave rectified AC line, and wherein the first circuit is
coupled to receive the full wave rectified AC line, the filter providing a substantially linear
phase delay of less than one-half of a period of the fundamental frequency and having a

25 substantially flat frequency gain characteristié up to about twice the fundamental
frequency and a rapidly decreasing gain characteristic thereafter, the filtered signal being a
substantial representation of the second harmonic frequency of the AC fundamental.

AN



25 the output of the filter 30[err] is |abeled 62. It will be noted that

the output 62 is phase del ayed in respect to the input 60', as
di scussed above. The phase del ay of out put waveform 62
frominput waveform 60’ is due to two conponents, a 90[err] phase

shift caus®®8Y86ke full wave rectification, i.e., 2.5nsBeT/Pui14a2 ~50Hz
supply and a 3nsec phase delay through filter 30[err], which has a corner

frequency of 30 11l Hz, for a total "phase del ay of approximtely 5.5nsec.
In the di r sSwWtc Fi 0.is dis ose .across the
t hyri st or and tﬁ&?g @L%’é %@?’h’&gml?l}“? e AP apt rm and
t he preceddd%&elsemployed fordé@cﬁ%zkﬁﬁﬁ&s&ngs , e s
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di scussion of Figure 5 is therefore applicable. In a twe w re&fifi&se control
di mrer swi4ch, mumdeém%h@eﬁnm By ieldi 1t WhertiR e Qss the
thyristor 22 is the only availdble Slc F cm eacggﬁa?ﬁﬁcycl e of AC
| i ne vol t adjeposedaerass kit lagstoneef tosontrall prmtxpm mcbmjlﬂnsload zer & and

follows the incomng AC line. Wen the thyristor is gated on, the voltage
across the 5 thyristor 22 collapses to the forward vol t age drop of the
thyristér §.typi cal I ﬂ‘h&l‘ﬁdvonttoi;gyste"ﬂmoordmgtwthhemrr&eﬂlmMrcuine forward

voltage drop until|l the end of cross the
by Stor Bt micrprfaptiemoive Bibe Ao il AGhi e drsiell and uoe
for Cpuvier (dvel sepbyt daset 10 ypiovidedhe chatrokstgralsl | as ancillary circuitry. The
signal across the thyristor 22 al ways contai ns sone conponent of
fundamental |ine voltage. The signal also contains 10 a varying conponent

of harnonigs of the ThifsiaeBitiobystthi focdtding td\Qlaif8 WRRERA theGiter providddl MONI Cs
changes with Iight Ievel setting as well "as with incom ng power line
qual i ty. Aghasedelay, the microprocessor being programmed to measure an actual phase delay of
10 the filtered signal based upon the zero crossing indications and an input of one of am :..::
unfiltered and a lightly filtered AC line and, based on the measured actual phase delay,
adjust the timing of the control signals to compensate for the actual phase delay’ throngh

the filter.

8. The load control system according to claim 2 wherein the fundamental ..

15 frequency is in the range of 50- 60 Hz and the filter is a Bessel filter having a corner s
frequency of about 55 Hz, a phase delay of about 135° at the fundamental frequency and
no substantial frequency gain after about 150Hz.

9. The load control system according to claim 3 wherein the fundamental
frequency is in the range of 50- 60 Hz and the filter is a Bessel filter having a comer

20 frequency of about 111 Hz, a phase delay of about 135° at the fundamental frequency and
no substantial frequency gain after about 300Hz,

10. The load control system according to claim 9 wherein the Bessel filter

comprises an analog hardware filter.

UL



previ ously di scussed, gating of a thyristor in an electronic di mrer
requires a steady zero cross reference; this is also true for two wire
di mers. Since the zero cross filter previ ously described has the
characteristic of finding the fundamental in the presence of 15 distorted
wavef orns, wosv/mesiel | suited for finding the fundanment al peeigdsibddg | n..t he
vol t age. across the thyristor 22'. A fourpol e
Bessel filter has been found to pre2kde the desired results di scussed .
above. One Preferred i mpl enentation of a four pole Bessel filter is

il lustratedlin Tiejoadesostrol sytem acepidingdo tlaim bwherkinBhegystem Sémprises

ticul | » 0y | £ FEi , .6 and 7 si :
B tosor nl B SRl ek i R AR e R Hafl ol aeoriac poen

desi gned t ewitdhgbtnd ddimming panela di scussed above in connection wth
Figure 6, nanely a phase delay of no nore than 135[err] at 120Hz.

(I'npl enrentation of a simlar filter to neet the criteria of Figures 5
and 7 is stzai ght f orginehd)codtid syste sdcording to Bkl WhdbirthenfstisbiyHor owi t z and
Wnfield Hll, second editjon (1991), Chapter 5 25 (Active FilfTers and

Osci | | atbr Syndugtlye dovise eopprisgs  thynistiEscri bes active filter design and
design criteria, including design of Bessel filters, and is incorporated

herein by reference in its entirety. . Fi gure 8B
i |1 ustrat ed3-one enbobliedeadiconsrol systen escondingdo elgimibwhereio thetcontrollably = be
enpl oyed i RofadiedetiRd cai t resent invention. 30 i In
Fi gures 8A andag%, I%lcdl%é)%gesL N, as manufactured by SGS Thonson.

WD 99/ 18651

PCT/ US98/ 1942 An load controller comprising:

a) wires for connecting the controller to a load and an AC line, the AC

10 line having an AC ﬁmdamental component with a fandamental frequency; -

b) an active filter receiving the AC line having a substantially linear -
phase delay characteristic of less than one-half of a period of the fundamental frequency+
and having a frequency gain characteristic such that substantially a selected one of-the AC
fundamental component and the second harmonic frequency of the AC fundamental*

15 component is passed to an output of the filter and such that third order harmonics and
greater of the fundamental frequency are substantially attenuated relative to a gain of the*
AC fundamental component;

c) a zero cross detector coupled to receive the output of the filter and
providing indications of zero crossings thereof;

20 d) a controllably conductive device coupled to one of the wires for -
controllably applying an AC line voltage to the load in response to trigger signals applied
to a control terminal associated with the controllably conductive device, the trigger signals
being generated in response to the indications provided by the zero cross detector and
rendering the controllably conductive device conductive for at least a portion of a cycle of

25 the AC line. |

15. The controller according to claim 14 wherein the fandamental frequency is
in the range of 50-60Hz, and the active filter is a Bessel filter that receives the AC line in
unrectified form and interposes a phase delay of about 135° at the fundamental frequency,

-_
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- 16 - Figure 9 illustrates the gain characteristic
of the Bessel filter of Figure 8A (curve 50) and also illustrates gain
characteristics of a Butterwortlh filter (curve 52 ) and a Chebyshev
filter (curve 54) designed to provide about 135[err] phase delay at 120Hz,
as may wioo8sst wit h t he enbodi nent of Figure 6. As WETAS981%dEn,. t he
Bessel filter of Figure 8A 5 has a corner frequency of about 111 Hz and
has (relative to the Butterworth and=23- Chebyshev filters) a shallow gain

rolloff such that the filter has no appreciabhle gain (|ess t han 20%

above 300 Hzandhgs g substantislly A3t frequencyessinharicientticnn do toBbtiizrend 2 owidly gure 5

or Fi guﬁt?cr%sin% lg8in CRAARESTIE MOMRAE ¥udhQhtt theRt i€ 16 hiRlctabREsafiifR 5 Hz and
the rollof f woul d be such that the filter has no appreciable gain

above about a®@t k0 Henexpectedly and 10 advantageously, it has been found
that a relatively shallow rolloff, such as shown by curve 50 for the
di scl osed Bessel filter, provides the nost frequency attenuation with a
const ant 16.phase déeTheyontmildr abarding toelaicels wireeinths activedijtecis dispased enuat i on

in the porgion of fh f uency, spectrum of nost inportance, i.e., in
the first %W’ﬂ%ﬁhﬁ‘}ﬁﬁ&&%ﬁ‘hﬁ*ﬁ@%ﬂaﬂﬁ% 1 A Bessel filter is

preferred, but is not necessary, as the filter choice, since a Bessel
filter is 15 _sinpler to design and, i npl.enent, and because it has a,

rel atively cbhstant preS&oRipisyaccording ¢ elaigy 1t wherein the fipdamentalificguaneyifuency .
Ref erring 1 oifthOHhgSoflde0Rd addiBe adtive Witkd is BessSIGBRr Mbidbcehae meiAd Bife iRUT PUL

(recovered AC fundanental on line 62), or second harnonic frequency of the

AC f undfalevavgirecsified fora apdinéarpasys 4 phase delay of ahoat 135° @t thg fimdamendal t he

i ncom ng AC kj : j tral
pllots of an Ceiiacy: dod e g ubstanially fat el B kb B abon T EERER' (0
the filtel0 38rapidly gecrdasing g3in charactdristic theresftes such izt theteds fio gnpreeiablg gain

cont ent of tggorgcgo\{lggﬁp}lzsi gnal above the fundamental frequency is
substantiallyyrg AeE "relative to that of the AC |ine.

Figure 12 is a self-explanatory flow diagramfor the nicroprocessor 26 for
25 maintainipg constagpt dyty, cycle. Ln_or to make,optimum use of the
stabl e zero w'oss aﬂ\"ﬁf”ﬁ%ﬁ’i%ﬁ?{ﬁ“‘gp ‘flgm}d%ﬁ%ﬁ?m?r&"%@éﬁme?ﬁgfri st or
conducti on t td3ponsivk toiRe zekt brossineEin@ictiont ARl a desiredfpevdpleRdl ketby AGsdrtdne
frequency. In order to acconplish this, the conputations to find the
thyristor tuPiViSs hedrigger sigadls.sj rst use the latest period tine to find the
hi gh end and | ow end

15 19, The controller according to claim 18 wherein the microprocessor further
receives an indication of the nominal phase delay of the output of the filter, the
microprocessor being programmed to measure an actual phase delay of output of the filter
based upon the zero crossing indications and an input of one of an unfiltered and a lightly
filtered AC line and, based on the measured actual phase delay, adjust the timing of the

20 trigger signals to compensate for any variance in the actual phase delay from the nominal
phase delay.

20. The controller according to claim 14 wherein the controller comprises one
of a two wire wall mountable dimmer switch, a three wire wall mountable dimming

switch, or a dimming panel.

\
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limts. At 200, the m croprocessor captures the nost recent zero cross
(T[err]) and the 30 previous zero cross (TA) of the output of the filter
30, 30[err] and then cal culates the half cycle period. In a system
presently comrercially available fromthe assignee of the present .
appl i cati oRgogfigdsiunder the name Grafik Eye 4000 Series Prymidgogaanel s, the
end user is WO 99/ 18651

PCT/ US9/ 19842 -24- -17 -

all owed to set the maxi mum hi gh end and the m ninum | ow end. By adjusting

the high 21. end, thesyﬁélﬁfot%ﬂtrdlmﬁlAmﬁﬁxtmgwaﬁpoW&mwmﬁhMﬁr@ge and
extend i ncan qdescsant bulb life lw_crease t he n;g é&r%i gol .tage and
obtain nore °8{5’Pﬁ‘EFPts°§\P°‘%§‘St°f°r?§ CqQUERRY VARRHOBCRE S IpRE A o5 t he
hi gh end as &Cfﬁﬁﬁﬁhhrﬁﬁlcﬁﬁl s&mmamdmﬁmmqasﬁdyn@nmemgow 5 end, the

end user can properly set the m ni mum volta ichis verh“I rrportant W th
fluorescent |oads. At3R04, a‘!‘?i'@hﬁ"@\‘ﬂ?ﬁr‘@@?s‘s‘g}mf‘cfa confralling an RMS voliageiel as a

funct on of selipticdto tROAIHreorlhe ikcP AghaREpHIRTE RLoni3N Bl 50% 0 95%

(K), with the n I ca I ncandescent | oads
and at aboutasma‘dwth‘tbuﬂnmczrent Ioads For the typ| cal i ncandescent

| oad, set at the highgen | ' time of
10 approximately O. 4gﬁsec aqﬁ?ve asgz%%%c]%:iwg?es&ﬁ&g[tha\g%? neo e | ow end
adj ust nent rractified and unrectified/form aﬂ&ﬁﬁo(rm)ng a\ﬁlﬁhdbhlputsabstamngn)tmdablbqaxﬂt about
5% for incan oads_a 00/ or fl uoresce | oads. For
the typical gﬁ%’%ﬂﬁ@? @g{m ;g: mﬁ‘ﬁ“‘?sﬁé‘gmy me%cycompoxgz&%}hal e, this
results iip &uﬁstmiauyéqumocﬂ{udaﬂwramicebmg}ea%&mmeﬁmﬂhﬁénﬁllmeqmmﬂw oss of
t he AC line. The system allows_ the end u?er t o, set aeidt&gge?r%o a |light
1

| evel by sel fltersdrpytput 9‘?3“8 R}‘&Fq.@laﬂma&vﬂpﬂwt Af ligg, &5 frpgueney; has an
intensity rafgie Ydryfhg 1iRChly Wi tRqRéhey variations of the fundamental frequency of the AC

line;
c) a zero crossing detector for providing indications of zero crossings
15 ofthe filtered output; and,
. d) a microprocessor responsive to the zero crossing indications and to
user adjustable intensity settings for generating the trigger signals; 2%
the zero crossing detector indicating the zero crossings in the filtered output
in the simultaneous presence of noise and distortion on, and variations in the fandamental
20 frequency of, the AC line.

22. The system according to claim 21 wherein the fundamental frequency is in
the range of 50-60Hz, and the active filter receives the AC line in unrectified form and
interposes a phase delay of about 135° at the fundamental frequency, and hasa
substantially flat frequency gain characteristic up to about 55Hz and a rapidly decreasing
25 gain characteristic thereafter such that there is no appreciable gain beyond about 150 Hz.

23. The system according to claim 22 wherein the active filter is disposed
across at least one of the thyristor and the load.

24. The system according to claim 21 wherein the fundamental frequency is in

the range of 50-60Hz, and the active filter receives the AC line in full wave rectified form

]



intensity I = 100% represents the high end and an intensity I = 0%
represents the | ow end. At 206, the m croprocessor determ nes the
amount of tinme after the zero cross of the AC line to fire the

t hyxi stor using the formula: Fire = Hgh end + (low end -high end) * (1-1).
At 208, thewﬁi9g’|"i§6'rocessor then fires the thyristor at tiFRI/UPYIM - phase
delay + Fire using a 20 phase delay value retrieved fromnmnenory at 207.
Thi s phase delay value is the phase =25- (el ay, [err] delay, shown in

Figures 10A and | OB. A nom nal | ue. for th hase del ay of an i deal
filter, e.g. ?nraéﬂxf?&s“@ aﬁ?@%&'&%&“ﬁ 35nit Bm%%%ﬁe%n%éﬁdbﬁé systemis
manuf act ur edsubJahtally @t fefuentHlgei chatcthestic a? kobBGE MiLED al é’ﬁﬂ?i!d@ Aotk
reflects the | measyred actual phase delay of the specificC fllterg 30, -
30[err] conn8AiR eharacteristicthereates pich dlat there i no appeciablegaincdeyondabens BOMEE.N
connection with Figure 13. At 210, the microprocessor then L Waits for

the next zero cross, and the sequence begi ns again at 200.
It has been &t er nmi nedheystem dogondingdo plaimyi2lc wheyein themsicmpmoessordiirtighase del ay

through fidt 30" . | S .1 L. varyby as much as 200
ni crosec vd tﬁ?ﬁvé% "@%ggé%@ég#a %l?’ h?:s% r?%@gé’% gtﬁﬁeoﬁ%%‘x’c HRNPCEST er ance.
A vari ation bding frogramined tcmeaso as ect4l phasedelay oftle fitared sidpe bpes ipdnltie at | ow

light |evels where.the.on. ti f. the thyrj st . littl
008 i or o6 FRsHE EUoH ot {54 48, i S5 onR 68 uoi el pd BehrBtersd o it s age
or as t &g, baped amamemma%ﬁh%mcdmggﬂm the tiirgef tHeQrigeRgmsabe for

this variation, the . . 99/ 18651 .
PCT/ US98/ 19goenpensate for any variance in the actual phase delay from the nominal phase delay. -

m croprocessor 26 may be programmed to adjust for changes in the phase
del ay. Fil%urzeés

—

An AC load control system for receiving an AC line and providing an AC
output, the AC line having an AC fundamental component with a fundamental frequency
and further having harmonic frequencies thereof, comprising:

a) a full wave rectifier for producing a full wave rectified DC output;
b) an active low pass filter receiving the full wave rectified DC output,

15 the filter interposing a substantially linear phase delay of less than one-half of a period of
the fundamental frequency and having a substantially flat frequency gain characteristic up
to about twice the fundamental frequency and having a rapidly decreasing gain
characteristic thereafter such that at least third order and greater harmonics of the
fundamental frequency are substantially attenuated, the filter providing a sinusoidal output

20  signal that is a substantial representation of the second harmonic frequency of the
unrectified AC fundamental component;

c) a zero crossing detector that provides indications of zero crossings
of the filter output signal;
d)  acontrol circuit responsive to the indications provided by the zero

25 crossing detector for controlling the level of AC output power delivered to a load.

27. The system of claim 26 wherein the fandamental frequency is in the range
of 50- 60 Hz and the filter is a Bessel filter having a corner frequency of about 111 Hz, a
phase delay of about 135° at the fundamental frequency and no significant frequency gain
after about 300Hz.

_—
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5 6 and 7 show, in part, a "lghtly filtered" ACIline input into the

m cr oprocessor 26. This circuit detects zero crosses directly off the
AC line or through optional optocoupler 37 in the circuit of Figure 5,
with little or no phase delay. "Light filtering" can be performed by 5 a
sinpl e (usym dopsgdgssive) lowpass filter, for exanple a pepEdosiossz ;

resi st or-capacitor stage, whose cutoff frequency is | ow enough to
renove as nmuch as possible of the |limpg-noise, but, hi gh enough that .
t he phase delay it introduces at the fundanmental frequency is small

enough that 2gari ati onThé systemi aqobrding telelhitn2 Mwhdtein theiBeiseDfiltepcipriseggmonent

tol erances (even i.th | ow precision conponents) is insignificant.

Al ternati vela??l“gﬁé"d}”?{?mlteﬁ“i ltering can be 10 perforned by software

routines incorporated into m croprocessor 26. Figure 13 shows.a; filter
phase del ay conpensation flowhart. In this enbodi nent of the invention,
t he sy<A%m noni t dhesystse aceqsding tp laim28, whersirthejsystem comprises aogefR es t he

phase del ay dQatwean i fountable cﬁr?kh%g%tcﬂm%wewm Hle%r'FLHEr om ? %lal ol

second har noni é‘WfEr equency of undanent al out pu e filter
30, 30[ err b. ddimmingpanek eri ng" can be perforned by a low 15 pass filter
(such as the active low pass filter described above) whose cutoff. frequency
is close to the fundanental l|ine frequency (or tw ce that frequency,
when the in@B0t to theThesystefn dctading o daifnA6Iwhereircthe earttriol ¢iretit eamprisesar) , or a

narr ow band pass filter. . P ing,this [nformtiog t he

m cr opr oces SBICTOPROCESAT HOPY ¥ to/he 251000085108 F”é’g‘f’ag‘?ns arld ag?sﬂ'g& Rt ve Ftlrﬁyer 30,
30" from t hea ghef oaliernEeichs oM Epoweeddiodasd foya16dd t ered and lightly filtered
20 inputs. Even if the lightly filtered Iine 42 is unstable due to |ine

noi se, the m croprocessor 26 can average this value over many |ine
cycles to m4y m ze th%émb@ﬁ@?sy@&mtab&rdiﬁﬂrv]ﬁ%laimlwheﬁlﬂ&eﬁlt&% aband

m croprocessor 26 can conpensate for the phase del ay.

Fi gure 130steassfillerf | ow chart for inplementing the zero cross filter del ay
conpensati on system shown in dashed lines in Figures 5, 6 and 7. At 100,
the 25 mcroprocessor captures a zero cross fromthe lightly filtered |ine
42 into the 32. i cr Jpe cotrolaraceadingtoTiaim A¢ wherein thewcting Bltes js-akand pss
captures a zggg Cross fromthe heavily filtered |ine output fromthe
filter 30, err] into the mcroprocessor 26 as T2. At 104, the )
m cr oprocessor calculates the difference between T1l and T2 and stores it as

of Lorr]Tn’ ol st or og ThhiS SRRt spamapGle Wil Ara e st Fisly ™

chosenval ue fik@m 10 to 10,000. At 108, the m croprocessor stores A
Tavg as tl@e ﬂ] ase del E'illfxe Yoaatli ucgntl:[o syts)t%mra%gorclhnr 'eé’ odcla%ga lsx;r}?ci‘)eir% Zﬁ Iarig Q €

switched capacitor filter.

3s. The load control system according to claim 1 wherein the filter is a

software filter.

36. The controller according to claim 14 wherein the active filter is a software
20 filter.

37. The system according to claim 21 wherein the active filter is a software

filter.

38. The system according to claim 26 wherein the filter is a software filter.

[

| B



routine illustrated in Figure 12 in place of any previously stored val ue.
WO 99/ 11651

PCT/ US98/ 19847 -19 -

The routine illustrated in the flow chart of Figure 13 is perforned

peri odi cal | wolesriséprdat e t he stored val ue of the phase del apcTridosamsz ypi-cal |y
done whenever power is applied to the systemand then at | east once
per day. However, it can be perf-@fred as frequently as many times per
second. 5 Those skilled in the art will appreciate that a

band pass fiBfer, a ciThalpad control system a¢carding tp slaim | evheteinshe filtwicompriness a
sw t ched capaci. Qr a software i npl enent ation of the anal og
har dware fi l ?Jegrlttafc)ln%na}% %soﬁerel n may be enpl oyed, and such

substitution is within the scope of the present invention.- A system

G gi ol ConvlPt or (i c. TRgPRERISFaRRdivg ”%Dﬁﬁ%i&srﬂeﬁwagﬁ@@ﬁﬁ%%%Qﬁ' %9t

recreate thed[giﬁpﬁ%,ﬁg Mgdrne USI ng..ei t her a .fast ‘Four.ier transform
or DSP programred to performas a | ow pass or “hand ° pass.filter, the system

can "filter" out any frequency above the fundamental . This coul d be
used insteqdgef the fl@%&smmacm cﬁﬁﬂz@%&%mtﬁaﬁu&%aabﬁwm‘gundanent al
frequency can then be into the zero cross detector and then into

t he mcropro@msﬂmﬂ‘oqessoorder to properly fire the thyristor, as was 15
previously described. The DSP, zero cross detector and nicroprocessor can
be i ncorporated i nto one device. The present

i nvention maw2be enbodTiedsystemaccoodifgto chaime 26 Mibereingherltanicomprises a digitaldepar t i ng

fromthe spirit el essential attributes thereof, and accordingly, reference
shoul d signal processor.

i
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be made to the appended clains, rather than to the foregoing specification,

as indicating 20 the scope of the invention. WO 99/ 18651

PCT/ US98/ 19842 -20 -

CLAI MS: 1. A load control systemfor controlling power
delivered fronpasgmshdy |ine to a | oad, wherein the AC |jcRRisikAdssd
fundanental conponent with a fundanental frequency, conprising: 5

a) a first circuit conprising a filter that attenuates frequency
conponents of the ACline that are sﬁ Jiantially equal to third order

har nmoni cs and greater of the fundanental frequency, and that provides
a filtered signal substantially free of noise and distortion present
on the AC li ne; b) a second circuit receiving the-
filtered signal ang—previ-fing—anttofindicatii-onl-ofJzerp crossings thereof;

c) a third circpit |that prlovi fesiconfrol| signalls-ip response to the zero
crossing indicatiaphs;—tand T 4o 1d) --f controllably
conductive device for.lcant.mall abl.y. Joplying the AC 1. line to the load in
response to the cohtral ng p s ' '
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15 2. The | oad control systemaccording to claiml wherein the

first circuit is coupled to receive an unrectified ACline, the filter
provi ding a substantially |inear phase, del ay of |ess than one-half of
a period of the fundanental frequency and having a substantially flat

frequency gaW@9/8sSlacteristic up to about the fundament al PFVERYERLy and

a rapidly decreasing gain characteristic thereafter, the filtered signa
bei ng a substantial 20 representatZZZ' f the AC fundanental . 3.

The | oad control system according t im1 further conprising a full wave
bridge rectifier for providing a full wave rectified AC line, and wherein

the first circuit is coupled to receive the fall wave rectified AC
line, the filter prqviding a sybstantially |ineay phase del ay of |ess
than one-half . of a péerrod O € Tundaent al [T reguency and having a 25
substantially flat ﬂreqwenc _ 1 chagactpri gtic{ up'ito hbout twice the
f undanent al fr geret aptgty—rectreastrggatt characteristic
thereafter, the filtlered:sifrnall - . ceress|subptadti-al representation of
t he second har noni cfreg JndinenLa! y VO
99/ 18651- : _
PCT/ US98/ 19842 -21 - 4.
The | oad control sydtem|gccprdiing fo\gl ai m 3 |whefeirn po}optical coupling
device is enpl oyed flor detecting zero¥crossings.| |/..
\ '/
essejeens|evee|srecs -ocuszo-oo LR R {:.- ccee
-+
FIG.3
PRIOR ART
]_Cl ZIC |I—o
120 VAC 24 VAC 12.2”,: FWB
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5. The | oad control systemaccording to claim1l wherein the

first circuit is di sposed across at | east one of the controllably
conducti ve device and the | oad. 5 6. The | oad control
system according to claim1l wherein the third circuit conprises a

M Cr opr ocess Q¥ doRgdRPNSi ve to the zero crossing indicati onscﬁﬁgjg,?”gem red
power |evel set by a user to provide the control signals.

The | oad control system according to m 6 wherein the filter prOV| des a.
phase del ay, thesfi croprocessor bei ngéf’ogr ammed to nmeasure an actual phase

delay of 10 thegWl tered signal based upon the ro crossing indications
and an i nput of g of an unfllteregl and htly filtered AC I|ine
and, based on thg measured actual phgse-de aJ, T adjust the timng of the
control si gnal s to corrpengate for thg astup hase del-ay through t he
filter. e ——o——The 1oad]coMtr systemaccording t¢ claim2
wherein the fundari'ent al ;1.5 frequency TSTTIT t range of 50- 60 and the

fil&Nr having a c N frequency of aboyt 55 Hz, a

filter is a Bessel

phase del ay of abg)_ut 135[err] at the fLQdaTent al frequency and no
subst anti al frefqg.ea gai n afffer aboyt B50HZ. ' Q. The | oad
control systs:rn: ing to ¢l aim yefe+n t he fundanent al frequency
|S|ntheran‘g.q aving a

corner 20 frequ jof about| 111 Hz, alPhase delay of about 13%[err] at

gzg - 60 Hz land tﬁe fi|Ber is a Bessel filter

t he fundanent all LgEgquency and ng subsfantial frequency gaif after
about 300Hz. : — 3
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10. The | oad control system according to claim9 wherein the

Bessel filter conpri ses an anal og hardware filter. WO
99/ 18651
PCT/ US98/ 19842 -22- 11.

The | oad contW®$918§686t em according to claim 1l wherein the PgIUSIILEIAPri-SES
one of atwo wire wall nountable dinmmer switch, a three wire wall npuntabl e

di mm ng. s@i tch, and a di mm ng !I’sl . 12. : The | oad
control system a&mr ding to claim1l werein the controllably 5 conductive
devi ce conpri ses2g;thyrstor +3 --The l|-oad. control system
according to cl agm®1l wherein the controllably conductiye device
conprises a tri L 14. A\n | oad contr.gller c8nprising:

a) wires for connectingjthe controll er to a load.and an AC line, the AC
10 |i ne having anpAef ulta ert—wi-th—a—f undament al frequency;
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b) an active filter receiving the AC|line having a substantially Iinear
phase del ay characteristic of |ess than one-half of a period of the
fundanment al frequency and having a frequency gain characteristic such
that substantially a selected one of the AC fundanment al conponent and
t he second hsyownse: f requency of the AC fundanental 15 CpEpoReisa S pPassed
to an output of the filter and such that third order harnonics and

greater of the figgndanent al frequency5?l substantial ly attenuat ed relative.
to a gain of the‘Z-.a AC fundanent al cﬂponent c) a

30\

IN
e

40

zero cross dete %—G-e-u-pl-ed—t-g—u:—ecel_ue_ he out put of the fllter and
provi di ng i ndi c% f zero crossingsjthereof; 20 L= d)
a control |l ably ddnduct Rje devi ce coupl el to one of the wi res for
control |l ably applying aq AC line voltage to the |oad in response to trigger
signals applied [~ to Tont rot —tetpi hal -associ-atefd with the controllably
conductive devi ce, l the trigger signal$ bei ng generated in response to
the indications priovi ded bywthe.zero ¢rpss detector and . rendering the
control I ably conductive depigg qonductije.for at |east a portion of a cycle
of 25 the AC I|ind. 1% o e controlfjer according to claim
14 wherein the furdameft al S+eegdency ts in the rlange of 50-60Hz, and
the active filter lis a|BegSel| filter {hat _receives tHe ACline in
unrectified forntTandi nft osles a ha§{cel:ay---of aboyt 135[efr] at the
f undanent al freh@ y, 9p/¥18651°
PCT/ US98/ 19842 ' i ! . e . 123 -
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and has a substantially flat frequency gain characteristic up to about 55Hz
and a rapidly decreasing gain characteristic thereafter such that
there is no appreciable gain beyond about 150 Hz. 16.

The controller according to claim15 wherein the active filter is disposed
5 across at |¥a9¢1%%le of the AC |ine and the | oad. HAC/US98M19842  -The
controller according to claim 14 wherein the fundanental frequency is

in the range of 50-60Hz, and the act3%7lLllter is Bessel filter that
receives the ACline in '5 full ctified formand interposes a
phase del ay of about 135[eg¢ at the fundamental frequency, and has a
substantially flat frequen gain characteristic up to about 111 Hz and 10
a rapidly decreasing galn hracteristic thereafter such that there is no
appreci abl e gain . 18. The
controller accordi onprising-a mcroprocessor

responsive to th!S 3s and a desired power I- evel set
15 19. - “The

by a user to provi de ths
§| j th mcroprocessor further
W
[
=

P

control |l er accor

recei ves an indi ar—phasegdlel ay of the output of the
filter, the ing p ggranned t o measure an actual phase
del ay of out put baggaip t he zerg crossing indications
and an input of ghtly & filtered ACIine
and, based on the rgE phase del &, ad ustSt he timng of the 20
trigger signal st ot : >
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20. The controller according to claim 14 wherein the controller

conpri ses one of atwo wire wall nountable dinmmer switch, a three wire
wal | rount abl e di nm ng switch, or a dimmng panel. WO

99/ 18651 -
PCT/ US98/ 1984K0 9918651 pcTusHnoss2 - 21

A systemfor controlling an AC lighting | oad powered by an AC |ine having
dynam ¢ conponents of noi se, distorttp Eﬁnd frequency variation, the AC
| i ne havi ng an AC fundanental c wz ent with a fundanental frequency,

conpri si ng: a) a thyristor coupled to th@ga AC |ine
for contrglling an.RV5 voltage to 5 be applied to the |oad iR ponse to
trigger sﬂabaﬂs:apblied to a control electrode associated #®th the
thyristor g e ! { b) an active, | ow pass Bessqg ilter
receiving e,AG liine in one of a rectified and unrectifijed form and

provi di ngMeagfijl tlered out put substantially free of noise and di stortion
present ok}t hg AC |[ine, and substantially free of frequency c@gnponents that
are 10 subStantiallly egyal to third order harnonics and greaffer of the

f undanent al fdeduehcy, t#e filtered output. being phase dgl ayed
relative to the!AClline, @he frequency of the filtered offt put varyi ng
linearly mﬁth'fqeq@ency g?riations of the fundamental frequegfly of the AC
i ne; P 3 /]
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c) a zero crossing detector for providing indications of zero crossings
15 of the filtered output; and, d) a m croprocessor
responsive to the zero crossing indications and to user adj ustable
intensity settings for generating the trigger signals;

the zero crosYPAYE®t ect or indicating the zero crossings iPFHEHES %842t ered

out put I n the sinultaneous presence of noise and distortion on, and
variations in the fund ntal 20 frq@yﬁpcy of , the l i ne. 22.

The system according t | ai m 21 wher t he fundame frequency is in

t he range of 50- 60Hz, aR@ythe active filterreceives t Cline in
unrectified formand " interposes a phase del ay of"sabout 135[err] at the
fundanment al frequency, d has a substantially f, frequency gain
characteristic up to abMgpt 55Hz and a rapidly decreas\ 25 gain
characteristic thereaf 'such that there is no apprg®™abl e gain beyond
about 150 Hz. 284, The system accor to claim 22
wherein the active filter is disposed across at |east one of the
thyristor [andft Icad.r\h 24 accpranng jto claim
21 whereir th% f fndgnment alNJ{ r ¢quegncyl i s i of § 50460Hz, and
the activeg fifjte gceijes|t AC lihe ir fiefd form

WO 99/ 18641 ™~ ' '

PCT/ US98/ 19821 )
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- 25- and i nterposes a phase delay of about 135[err] at the
fundanental frequency, and has a substantially flat frequency gain
characteristic up to about 111 Hz and a rapidly decreasing gain
characteristic thereafter such that there is no appreciable gain beyond >
about 300 HzZ.wo go/15651 25 The system according to gkﬁbggaggmmer ein
the m croprocessor #urther 5 receives an indication of the nomnal phase
delay of a filtered output, the m crgprocessor bei ng programred to
measure an actual phase del ay of thegifﬂfered out put based upon the

zero crossing indicati and an input of one of a filtered and lightly
filtered AC |line ' , based on the neasured a | phase del ay, adj ust
the timng of the trigys signals to conpensat™ or any variance in-

t he actual phase delaﬁtéion1the nom nal phase del ayppy 10 26. An
AC | oad control syste r receiving an AC |ine angtsioviding an AC

out put, the ACIiIN;f]Van an AC fundanental conpo with a fundanent a
frequency and fuaﬂher havi ng harnoni ¢ frequen t her eof , conpri si ng:
a) a full wave rectifier for producing a full wave rectified DC output;
b) an active |low pass fjlter receiving.t ul ified DC
output, 15| the fji DSi g subgtanti gl | phase g¢lel ay of

| ess than gne-|hal 0 of the funpangn trequencyjfand havi ng
a substantilal lfy f y gpi njcharjpcteripti abgut tw ce

t he fundamgrtal— hadH a rpp+gh-de } nE
characterigtid th h thatjat leasft thir gr eqt er

har nmoni cs q4f tjhe hta| ffequenpcyjarg s
the filter |prqvidi da| optput] 20| s|gn
r epr esent atyromr—of rar-fror§ ¢ fregqupncy—o
f undanent al| cqnpd C) 2\
t hat provides |i nd D
si gnal ;

subst anti al

t mr-egtified AC
zerotcrssingjdet ector

f thejfilfter odtput
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d) a control circuit responsive to the indications provided by the zero
25 crossing detector for controlling the I evel of AC output power
delivered to a | oad. 27. The system of claim 26 wherein the
fundanmental frequency is in the range of 50- 60 Hz and the filter is a
Bessel filterWo9n86§t a corner frequency of about 111 Hz, aPCTUSIS/PE®Rse “del ay
of about 135[err] at the fundanental frequency and no significant frequency
gain after about 300Hz. lom 99/ 18651-

PCT/ US98/ 198 6 28.
The system aggchmng to claim27 wherein the Bessel fil tE/GsJZes an

anal og har dwag : : The System according to claim
26 wherein th&%‘ﬁ%ﬁ""c ‘g?;g,’%%%ﬁ'é”%f”%"’m two wilre wal |l nountable di mrer
e

switch, a three wire wall nountable dimmng switch| or 5 a di mming panel.
30. ThePW=ew& aq‘xordi ng to claim26 whgwe+rr—the—egntrol circuit
conprises a : R o

where T is the time of the most recent zero cross

and T, is the time of the previous zero cross

202\

k 4

Calculate the high end as a function of Period.
. 2IO\
.| Example: High End=Pericd - (K * Period) :
_ Wuit for next
Where K is the high end adjustment range Zero crossing
(50% < K < 95%) ‘
204~ |

Calculate the low end as a function of Period.
Example: Low End=Period - (M * Period)

Where M is the low end adjustment range
(5% < M < 49%)

206~ 1

Calculate triac Fire point as a function of
High End, Low End, and Intensity

Fire=High End + (Low End - High End) =+ (I - I)

Where 1 is the Intensity range (0% < I < 100%)
I =100 is high end and I = 0 is low end

207~ |

Get stored Phase Delay value

208~ |
Use the calculated value of Fire to set the next
trioc turn on point

Triac Turn-on = Tg - Phase Delay + Fire
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m cr.oprocessor responsive to the zero crossing indications and a desired

power |evel set by a user to alter the |l evel of AC power delivered to a
| oad. 31. The | oad control systemaccording to claiml
wherein the filter is a band 10 pass filter. 32. The ¢
control | er amh@g to claim 14 wherein the active filtepciEsogndagnd pass
filter. The | oad control system according to claiml1,
vvherelnthefllter i s a passive filter. 15 34. The | oad ’
control systemaccording to claim1l ein the filter isa . swtched
capacitor filter. 35. The | oad control system accord| ng
to claim1l wherein the filter is a sof twar eg A -
The controller according to claim 14 wherein th gelal terx | s a
software 20 filter 37. The system ‘accor di ng ; 'to claim21
wherein the actlvefllte’O()sxe sof t war e filter.

Get lightly filtered -~ | *>©- -~ ;

edge capture fime »

=T’
102\
Get heavily filtered

edge capture time

= T2

104\ | l

Calculate filier phase delay
time for this cycle

106~ |

Average filter phase delay
over the last K cycles

K

108 ~ 1

Store AT, as Phase Delay value
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38. * " The system according to claim 26 \/\herelntheflé\‘tﬂ‘gr s a
software filter. WO 99/ 18651
PCT/ US98/ 19842 - 27 - o

The | oad control systemaccording to claim1l wherein the %:ﬂ,’f,,; corrprl ses a
di gital signd(Blocessor. Wwwm%laﬁ??kﬂokmumt rolle '*»*ﬁ?»v ord| ng to
claim 14 ere| t he act Ilter conprils Ltal si processor
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(57) Abstract

A phase controlled dimming system having an active filter (30) for receiving the AC line voltage waveform, and for recovering the
AC fundamental waveform therefrom is disclosed. The recovered AC fundamental waveform is supplied to a zero crossing detector (28)
that provides zero crossing indications of the AC fundamental waveform. The recovered AC fundamental is substantially free of noise or
distortion, and of frequency components greater than at least second order hamonics, that may be present on the AC line voltage waveform,
and that might otherwise result in faulty or incorrect zero crossing detection. An output of the zero crossing detector is supplied to a
microprocessor (26) that controle the gating of a controllably conductive device (22) interposed between the controlled load (14) and the
AC source (12) based on the zero crossing information. The filter may take an analog or digital (software) form.




