US007911149B2

a2z United States Patent (10) Patent No.: US 7,911,149 B2
Schaible et al. (45) Date of Patent: Mar. 22, 2011
(54) IMPEDANCE CONTROLLED ELECTRONIC (56) References Cited
LAMP CIRCUIT

U.S. PATENT DOCUMENTS
(75) Inventors: Uwe D. Schaible, Ancaster (CA); 4,952,849 A * 81990 Fellowsetal. .............. 315/307

Norman H. von Styp-Rekowski, 5,187,414 A * 2/1993 Fellowsetal. . ... 315/307
Oakville (CA) 5,949,197 A * 9/1999 Kastner ... .. 315291
6,531,831 B2* 3/2003 Chouetal. ....ccceeenennee. 315/225
. 6,860,628 B2 3/2005 Robert t al.
(73) Assignee: Marlex Engineering Inc., Ancaster 7.114.830 B2 10/2006 RgbZn:gE Zt gl.
(cA) 7,352,138 B2*  4/2008 Lysetal. ....ccccocoo.... 315/291
7,560,868 B2*  7/2009 Yuetal. ...ccoocovvriienn 315/94
(*) Notice: Subject to any disclaimer, the term of this * cited by examiner
patent is extended or adjusted under 35
U.S.C. 154(b) by 538 days. Primary Examiner — Jacob'Y Choi
Assistant Examiner — Jimmy T Vu
(21) Appl. No.: 12/033,482 (74) Attorney, Agent, or Firm — Borden Ladner Gervais
LLP; Jeffrey W. Wong
(22) Filed: Feb. 19, 2008
(57) ABSTRACT
(65) Prior Publication Data There is provided lamp ballast impedance controlled elec-

tronic lamp circuit, powered by a lamp ballast, for controlling
a set of light emitting devices and being, comprising at least
one connector, for connecting to the lamp ballast; and for
Related U.S. Application Data receiving an AC signal; at least one filament control, associ-
(60) Provisional application No. 60/890,567, filed on Feb. ated Wlth. one of the. at least one connector; a circuit for
19. 2007. transforming the AC signal to a DC signal; a power convertor
’ circuit; for receiving the DC signal and for processing the DC
signal to provide a signal to power to the set of light emitting
0SB 37/02 (2006.01) devices; a co.ntrol.and.monitgring circuit; Wherein the control
and monitoring circuit monitors the DC signal and controls
(52) US.CL ., 315/224; 315/291 5 315/307 the impedance of either the at least one filament control or the
(58) Field of Classification Search .............. 315/209 R, power convertor circuit to control the set of ]ight emitting
315/224, 225, 244, 291, 307, 308, 318, 361; devices.
363/21.07,21.15, 902, 905
See application file for complete search history. 18 Claims, 8 Drawing Sheets

US 2008/0197786 Al Aug. 21, 2008

(51) Int.CL

2 Protection 14
/éé 14a
16 22 18+ li /j
Filament 7 I ) Filament '
12& Control kﬁ\/ ;"COLH \ ;%b

N

» k) 38 s e % 42
1A Rl 8= N sl ol e W
Factor 1' %36 40) ( WQU U U

Conditioning| ,l ,)\ — \ I\

I h

7 L —r s

2/ r — \ -

321 —_—
Filament\ Impedance I
48 Control  Control

53
4 :nput Oul;?ul st
50 IS 56
/ EDM v ®
44a i " |re0
10 2 B oma—»l Comin F 3

4—?ierna|— Com Cut
44b Control Circuit




US 7,911,149 B2

Sheet 1 of 8

Mar. 22, 2011

U.S. Patent

I 3¥NOId

QoD

| Jusweyy

Lgl

Ey

epl .
4]

Y%

0
o~
-

ey eaquo ar
NQ WO —FBWepNy—p
§0EqPES  U| WD ¢—fBwelI——
09 \u,u Y epp 01
I> -
85 2
oG +\__, +\” 05 \
8- jnding yduy | ¥
ed oY iU 9
eouepaduw| JEwEm__n_
rmm
4 9
x\
AN
) rm\ { | |Buoppuod
oE| || dowed
\ { Jamod
p LY 7
/..M\
:14
OST
3 PuUoD
Y Musweny

abeyoneag

uogosjad

o, 4 3\

/cw

(e

)

r—



U.S. Patent

Mar. 22,2011 Sheet 2 of 8 US 7,911,149 B2

12

R

—
O

g/ Filament

1 % Control

FIGURE 2
12 14
1 |—_L> 14a
64d
- 64aAr 64 1 Eigi
FIGURE 3
12 14
1 66 66c f
SNV = j
12b 4b
T 7 4
G&fJ Lﬁ%w

FIGURE 4



U.S. Patent Mar. 22, 2011 Sheet 3 of 8 US 7,911,149 B2

[12 14
12a .
<]
2b
<_"]
A A v ) 4
Al A A A A AT
68a | 68b| 68c| 68d 68e | 68f | 68g| 68h
701 [72

Rectified Rectified
Negative Positive

FIGURE 5



U.S. Patent Mar. 22, 2011 Sheet 4 of 8 US 7,911,149 B2

72\ [ 82
Rectified _ [P)C !?_us
Positive 1,86 . 4 ositive
A 76
sl —
Rectified T'L74 8 188 DC Bus
Negative ° ¢ Negative
707 a4
FIGURE 6
4 (b) utput Voltage a (d)
f Qutput Voltage
M %
v t_50BOHz >V - A40kHz > >
A Input Voltage Input Voltage
a (c)
(@) Input Current ‘/’InputCunent
[ “ /\
. '/ \,
Vil { —SoeoHz > Vil f 4Ktz R -

FIGURE 7



U.S. Patent Mar. 22, 2011 Sheet 5 of 8 US 7,911,149 B2

: 94 g2
Rectified *T—r R DC Bus
Positive Positive
PFC L
—————— /y Ve 'L
CONTROLLER y
101% -92 98
g l v ‘ s
Rectified . | | s
Negative 90 Negative
v
” VL 84
FIGURE 8
(b)
A
- Output Voltage
I 3
V »
t—
(a) Input Current Peak v Input Voltage

Input Current Average

v

FIGURE 9



US 7,911,149 B2

Sheet 6 of 8

Mar. 22, 2011

U.S. Patent

0L OH
K\vmr \ el K\ %l K\ &l
angebaN aAlsd SASd aAebaN
asueg asusg asusg asusg
1=T11¢) 11=T11¢) 11-T14¢) 1=1g¢)
ndro ndro ndy) ndy
s % . . . % )? angebaN
ndno v ” sg0a
oKl H Homr H_NNP va
L ~, @, e~ /o 3
J.M.z“w \% N ﬂ SAQOd]
s i v 904
%) g\m Low ¥ le
8Ll vl
el Tog)
L oLl




U.S. Patent Mar. 22, 2011 Sheet 7 of 8 US 7,911,149 B2

136-)

Output
Positive

K—?

140c 142¢

Output
Negative

J

138

FIGURE 11



U.S. Patent Mar. 22, 2011 Sheet 8 of 8 US 7,911,149 B2

136 D

Output
Positive

Y

-— ~ ’D\ — ﬂG —
140a \ 142a 144 <« 148a 146a N 50a

SN SO SN
140b <« 142b 144b < 148b 146b < 50b
O N CO N A € W
140c W 142c 144c \. 148 146¢ N 150
Sense ——* Sense —¢ Sense ——¢
FV
158 -~ § 160 P § 162 Y
152 154 156
Output
Negative
138

FIGURE 12



US 7,911,149 B2

1

IMPEDANCE CONTROLLED ELECTRONIC
LAMP CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority of U.S. Pro-
visional Patent Application No. 60/890,567 filed Feb. 19,
2007, which is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to electronic lamps
and more specifically to a lamp ballast impedance controlled
electronic lamp circuit for allowing a variety of electronic
light emitting devices to be powered by a lamp ballast.

BACKGROUND OF THE INVENTION

A problem with conventional electronic lamps is that they
often use an electronic circuit to regulate a constant current
supplied to the light emitting devices (LEDs). This produces
an incremental negative resistance as a load to the ballast they
are connected to, however, a typical ballast cannot properly
drive such a load. This condition causes a ballast to operate at
some output level below its intended operating point or can
cause a runaway condition that causes the ballast output volt-
age to increase to the point that can destroy the LED lamp
components. Another problem with conventional electronic
lamps is that they often use a transformer to match the ballast
output voltage to the LED string voltage. This can be opti-
mized to provide a load to the ballast that causes it to operate
at its designed output level. However, the LED forward volt-
age changes due to operating temperature and aging effects.
This change causes the optimized operating point to shiftto a
less efficient one because the effective load impedance the
ballast sees changes. Another problem with conventional
electronic lamps is that they often only connect to one elec-
trode at both ends of the tube leaving one electrode at both
ends of the tube unconnected. This can cause three problems
when used with some ballasts.

First, it requires that the LED lamp be connected to an
electrode in series with a capacitor. Such capacitors are typi-
cally in series with one of the two electrodes at either end of
the tube in ballasts using voltage mode filament heating
which results in a change in the load seen by the ballast and
thus a shift in the operating point away from the optimum
value. Second, in the case of rapid start ballasts that utilize
current mode filament heating, the LED lamp is connected to
an electrode which, in turn, is connected to a free floating
capacitor inside the ballast, thereby providing no continuous
electrical path in the lamp circuit and preventing the LED
lamp from turning on. Third, modern electronic ballasts also
have circuitry to detect broken lamp filaments or discon-
nected tubes by monitoring the filament resistance across
these two terminals. An LED lamp that does not mimic the
filament, when one electrode is completely disconnected, will
cause these ballasts to shut down.

In these respects, the lamp ballast impedance controlled
electronic lamp circuit according to the present invention
substantially departs from the conventional concepts and
designs of the prior art, and in so doing provides an apparatus
primarily developed for the purpose of allowing a variety of
electronic light emitting devices to be powered by a lamp
ballast.

SUMMARY OF THE INVENTION

In view of the foregoing disadvantages inherent in known
electronic lamps, the present invention provides a novel lamp
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ballast impedance controlled electronic lamp circuit wherein
the circuit can be utilized for allowing a variety of electronic
light emitting devices to be powered by a lamp ballast.

In an aspect of the invention, there is provided an imped-
ance controlled electronic lamp circuit, powered by a power
source, for controlling a set of light emitting devices and
being, comprising at least one connector, for connecting to
the power source; and for receiving a power signal; at least
one filament control, associated with one of the at least one
connector; a power convertor circuit; for receiving the power
signal and for processing the power signal to provide a signal
to power to the set of light emitting devices; and a control and
monitoring circuit; wherein the control and monitoring cir-
cuit monitors the power signal and controls the impedance of
either the at least one filament control or the power convertor
circuit to control the set of light emitting devices.

A further aspect of the invention is to provide a lamp ballast
impedance controlled electronic lamp circuit that controls the
input impedance and power factor of a light emitting diode
(LED) lamp in order to mimic the run-mode electrical char-
acteristics of a real fluorescent tube and therefore have the
ballast operate at its designed electrical operating point.

In yet another aspect, there is provided a lamp ballast
impedance controlled electronic lamp circuit that separates
the number and type of LEDs, or other light producing
devices, used in the lamp and the input impedance control
function.

In one further aspect, there is provided a lamp ballast
impedance controlled electronic lamp circuit that automati-
cally draws power through the correct pins of the fixture so as
to avoid drawing current through any capacitors in any exist-
ing filament heating circuits in the ballast.

In yet a further aspect of the invention, there is provided a
lamp ballast impedance controlled electronic lamp circuit
that controls the filament impedance so as to allow lamp
removal and end of life circuits in a ballast to operate properly
and allow the ballast to be put into failure mode if required.

In another aspect, there is provided a lamp ballast imped-
ance controlled electronic lamp circuit that automatically
adjusts its operation so that temperature and aging effects of
the LEDs, or other light producing devices, do not shift the
electrical operating point of the ballast.

Other objects and advantages of the present invention will
become obvious to the reader and it is intended that these
objects and advantages are within the scope of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features and attendant advantages of
the present invention will become fully appreciated as the
same becomes better understood when considered in con-
junction with the accompanying drawings, in which like ref-
erence characters designate the same or similar parts through-
out the several views, and wherein:

FIG. 1 is an electrical block diagram showing the main
components of the present invention;

FIG. 2 is an electrical schematic of the filament simulation
circuit;

FIG. 3 is an electrical schematic of the AC overvoltage
protection circuit;

FIG. 4 is an alternative electrical schematic of the AC
overvoltage protection circuit;

FIG. 5 is an electrical schematic of the rectifier circuit;

FIG. 6 is an electrical schematic of a peak valley fill circuit;

FIG. 7 is a set of graphs showing the operation of the peak
valley fill circuit;
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FIG. 8 is an electrical schematic of a continuous current
controlled PFC circuit;

FIG. 9 is a set of graphs showing the operation of the
continuous current controlled PFC circuit;

FIG. 10 is an electrical schematic of a Cuk topology DC to
DC converter;

FIG. 11 is an electrical schematic of a light emitting circuit
configured as a single string; and

FIG. 12 is an electrical schematic of a light emitting circuit
configured as multiple strings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Turning to FIG. 1, a schematic diagram of an impedance
controlled electronic lamp circuit is shown. In the preferred
embodiment, the circuit 10 comprises a first, power source, or
ballast connector 12 including a first, power source, or ballast
connection 12a and a second, power source, or ballast con-
nection 1256 which form a two pin connector for connection to
the ballast output of a first filament of the lamp and a second,
power source, or ballast connector 14 including a first, power
source, or ballast connection 144 and a second, power source,
or ballast connection 145 which form a two pin connector for
connection to the ballast output for a second filament of the
lamp. The first ballast connector 12 and the second ballast
connector 14 provide an apparatus or means to electrically
connect the circuit 10 to form a connection between the
circuit 10 to the lamp output. In one embodiment, this can be
implemented via a suitable connector or a set of lead wires. In
a preferred embodiment, the connectors 12 and 14 are of the
same form as those found on the type of lamp normally used
with the ballast. Furthermore, a single connector containing
all ballast connections can also be used.

In an alternative embodiment, the connectors 12 and 14 can
be connected directly to a line voltage source, such as 120V/
230/240/277/347 VAC.

In the current embodiment, the circuit 10 further comprises
a first filament simulation, or control circuit 16 and a second
filament simulation, or control circuit 18 which mimics the
impedance characteristics of the filaments in the lamp that the
circuit 10 is intended to replace.

An AC overvoltage protection circuit 20 contains at least
one electrical path from each of the first ballast connection
124 and second ballast connection 1256 of the first ballast
connector 12 to each of the first ballast connection 144 and
second ballast connection 145 of the second ballast connector
14 with at least one overvoltage protection device in series
with the electrical path (as will be described below). As will
be understood, this component is optional but preferred.

The circuit 10 also includes a rectifier circuit 22 that
includes a plurality of diodes, diode bridges, or other rectifi-
cation devices, which are preferably connected as a four
phase rectifier so that the most positive voltage of the first
ballast connections 12a and 14a and second ballast connec-
tions 125 and 145 of the of the first ballast connector 12 and
second ballast connector 14 appear on the positive side of a
DC output end of the rectifier circuit 22 and the most negative
voltage of the first ballast connections 12a and 14« and sec-
ond ballast connections 125 and 145 of the of the first ballast
connector 12 and second ballast connector 14 appear on the
negative side of the DC output end of the rectifier circuit 22.

In the current embodiment, a DC overvoltage protection
circuit 24 is located in the output path, or paths, of the rectifier
circuit 22 and includes at least one electrical path from the
positive side to the negative side of the DC output end of the
rectifier circuit 22 with at least one overvoltage protection
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device in series with the electrical path (as will be discussed
below). A power factor conditioning (PFC) circuit 26 also
receives the output from the rectifier circuit 22 and comprises
either an active or passive power factor correction circuit 26 to
bring the input impedance of the electronic lamp, as seen by
the ballast, to as close to a unity power factor as possible,
thereby emulating the power factor of a real fluorescent tube.
As will be understood, the PFC circuit 26 can comprise a peak
valley fill power factor correction or a continuous current
controlled power factor correction. In the absence of a PFC
circuit 26, a set of connections 28 referring to the output end
of the PFC circuit 26 are referred back to the rectified DC
output end of the rectifier circuit 22.

A power converter 30, comprised of any number of DC to
DC switching converter topologies, is connected to the output
of'the PFC circuit 26, as well as an impedance control signal
from a control circuit 32. A requirement of the power conver-
tor 30 is that the input current at the DC bus input end be
controllable through the control signals at the control input
end and that the power converter 30 causes the voltage at the
power converter circuit converter output end to rise until the
power converter input power minus any losses in the power
converter are transferred to a light emitting circuit 34.

The power factor conditioning circuit is connected
between the rectified DC positive 72 and the rectified DC
negative 70 of the rectifier circuit 22 shown in FIG. 5 and
between the DC bus positive 82 and the DC bus negative 84 of
the power converter circuit 30 shown in FIG. 10.

The light emitting circuit 34 comprises a single string or
parallel strings of multiple single light emitting devices or
multiple light emitting devices in series. The light emitting
devices can be any device that runs on a DC voltage such as
light emitting diodes (LEDs). If parallel strings are used, a
method of current sharing, such as a resistor in series with
each string, can be used. Some form of current feedback, such
as a current limiting resistor, can also be used to detect open
strings due to damaged light emitting devices. The light emit-
ting circuit preferably replaces a fluorescent lamp or a high
Intensity Discharge (HID) lamp.

The control circuit 32 monitors the input voltage and cur-
rent to the DC bus input end of the power converter circuit and
produces a set of control signals to the power converter circuit
that controls the input current based on the value of the input
voltage such that the effective input impedance of the elec-
tronic lamp is controlled. The voltage and current signals on
the power converter circuit output end are monitored for any
fault conditions so that shutdown of the circuit can be per-
formed in such an event. A feedback signal from each parallel
string of light emitting devices in the light emitting circuit 34
is monitored through the feedback input end 42 and the effec-
tive input impedance can be controlled to reduce the power
delivered to the remaining strings in the event of string fail-
ures. The control hardware can also monitor an external dim-
ming input on the dimming input end and control the power
converter circuit to change the effective input impedance of
the electronic lamp to cause the ballast to deliver less power to
the power converter and thus lower the power output to the
light emitting circuit and reduce the light output. The control
circuit 32 can be composed of many types of circuits known
to those skilled in the art and include, but are not limited to,
microcontrollers, digital signal processors, systems on a chip,
hysteresis controllers, op-amp circuits, and discrete transistor
circuits. The salient feature of the control circuit is not its
construction but rather what it does.

One of the functions of the control circuit 32 is to monitor
the DC bus voltage at the input to the power converter circuit
30 at connection 28 and the input current to the power con-
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verter circuit 30 through current sensor 36 and to manipulate
the control input of the power converter circuit so that the DC
bus voltage at connection 28 and the input current through
current sensor 36 produce the desired input impedance. A
second function of the control circuit 32 is to monitor the
output voltage of the power converter circuit 30 at connection
point 38 and current through current sensor 40 to detect
over/under voltage and current conditions as well as other
fault conditions and take appropriate actions. On a fault con-
dition, the filament control output to the filament simulation
circuits 16 and 18 can be used to simulate an open filament
and shut down the ballast, or power supply. In other cases, the
impedance control function can be used to change the input
impedance to a level that causes the ballast to reduce or
increase, as appropriate, its operating output power level. A
third function of the control circuit 32 is to monitor the current
through multiple strings of light emitting devices by way of
their current sense outputs as symbolized in FIG. 1 by current
sensor, feedback end, 42 which is connected to the feedback
input of the control circuit 32. When a string of light emitting
devices becomes defective this can be sensed and appropriate
actions such as shutting down the ballast through the filament
control output or reducing input power from the ballast
through the impedance control output may be performed. A
fourth function of the control circuit 32 is the monitoring of
external devices for communications input 44a and act upon
the information received. Information can include, but is not
limited to, dimming information and functional commands.
In the case of dimming information, appropriate manipula-
tion of the impedance control to change the input impedance
of the circuit so that the ballast will operate at the correct
power level for the dimming setting. An off command can use
the filament control output to place the ballast in a fault mode
that turns off its output. The external device from which the
information is received can be a variety of devices known to
those skilled in the art and include, but are not limited to, RF
receivers, IR receivers, 0-10V voltage inputs, 4-20 mA cur-
rent loops, and switches. A fifth function of the control circuit
32 is to log and report back operation of the unit to external
devices through communications output 445. The external
device to which the information is sent can be a variety of
devices known to those skilled in the art and include, but are
not limited to, RF transmitters, IR transmitters, 0-10V voltage
outputs, 4-20 mA current loops, LED indicators, and LCD
screens.

The control circuit 32 also includes a filament control
output port 46, a power convertor input current port 48, a
power convertor input V+ port 50, a power convertor input V-
port 52, an impedance control port 53, a power convertor
output current port 54, a power convertor output V+ port 56,
a power convertor output V- port 58 and a feedback port 60.

Turning to FIG. 2, a more detailed diagram of the filament
control 16 is shown. As will be understood, the second fila-
ment control 18 is identical to the filament control 16 shown.
The filament control circuit 16 is connected between the first
ballast connection 12a and second ballast connection 125 of
the first ballast connector 12 to control the impedance
between the two connections. A connection from the output
of' the filament control output port 46 of the control circuit 32
controls the impedance of an element 62. Element 62 is a
symbolic representation of any number of possible imped-
ance circuit configurations and components such as, but not
limited to, digital potentiometers, fixed resistors, operational
amplifier transconductance circuits, and transistor and MOS-
FET transconductance circuits.

Turning to FIG. 3, a more detailed schematic of the AC
overvoltage protection circuit 20 is shown. Transient voltage
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suppression devices 64a and 645 are connected between the
first ballast connection 124 of the first ballast connector 12
and the first ballast connection 14a and the second ballast
connection 145 of the second ballast connector 14. Transient
voltage suppression devices 64¢ and 64d are connected
between the second ballast connection 124 of the first ballast
connector 12 and the first ballast connection 14a and the
second ballast connection 145 of the second ballast connector
14. The devices 64 protect against overvoltage conditions
between pairs of ballast connections of the first ballast con-
nector 12 and the second ballast connector 14. The transient
voltage suppression devices 64 can be any of a number of
such devices known to those skilled in the art and include, but
are not limited to, transient voltage suppressors, gas discharge
tubes, metal oxide varistors, sidactors, and zener diodes. Each
transient voltage suppression device 64 can include multiple
physical devices to provide enhanced protection characteris-
tics and is well known to those skilled in the art.

FIG. 4 shows an alternate configuration that provides the
same protection as that in FIG. 3, except that two of the
transient voltage suppression devices 66a, 665, 66¢, and 664
are activated to provide a path between ballast connections on
ballast connector 12 and ballast connector 14. The transient
voltage suppression devices 66 can comprise the same com-
bination of physical devices as used for transient voltage
suppression devices 64 with the only difference being that
devices 66 need only to have one half of the voltage rating as
the devices 64a, 64b 64c¢ and 64d. Transient voltage protec-
tion devices in a circuit do not have to be physically identical
and can each be comprised of different physical devices.

Turning to FIG. 5, a more detailed schematic of the rectifier
circuit 22 is shown. The rectifier circuit 22 takes an AC
voltage across ballast connector 12 and ballast connector 14
and produces a rectified DC output through the use of rectifier
devices 68a, 68b, 68¢, 68d, 68¢, 68f, 682, and 68/. As con-
figured in FIG. 5, rectifier devices 68a, 685, 68c, and 684
allow only the most negative electric potential present on the
ballast connections 12a, 125, 14a, and 145 to appear on the
rectified DC negative side 70 while rectifier devices 68e, 687,
682, and 68/ allow only the most positive electric potential
present on the ballast connections 12a, 125, 14a, and 145 to
appear on the rectified DC positive side 72. In this way an AC
signal between ballast connector 12 and ballast connector 14
is rectified into a DC signal. In other words, the connectors 12
and 14 are connected to an anode of a rectifier device con-
nected to the rectified DC positive 72 and a cathode of a
rectifier device connected to the rectified DC negative 70. As
will be understood, if the input supplied tot the connectors 12
and 14 is a DC signal, there is no need to rectify the signal.

The rectifier devices 68 can be composed of many types of
physical devices known in the art or combinations thereof.
These include, but are not limited to, diodes, and tube recti-
fiers. Alternatively, a group of four (4) individual rectifier
devices 68 can be replaced by a full bridge rectifier device.

With respect to the DC overvoltage circuit 24, transient
voltage suppression devices are connected between the DC
outputs 70 and 72 of the rectifier circuit 22. This protects
against overvoltage conditions across the DC output of the
rectifier circuit 22. The transient voltage suppression devices
can be any of a number of such devices known to those skilled
in the art and include, but are not limited to, transient voltage
suppressors, gas discharge tubes, metal oxide varistors, sidac-
tors, and zener diodes. The DC overvoltage protection circuit
24 can be composed of multiple physical devices to provide
enhanced protection characteristics and is well known to
those skilled in the art.
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Turning to FIG. 6, a more detailed schematic of the PFC
circuit 26 using passive components is shown. Capacitors 74
and 76 are employed as temporary energy storage devices that
are charged from the rectified positive 72 and negative 70
outputs through resistor 78 and diode 80. The series capaci-
tors are charged to the maximum peak input voltage between
the rectified positive 72 and negative 70 outputs, thereby
leaving a voltage of one half of the maximum peak input
voltage across each capacitor 74 and 76. As the voltage
between the rectified positive 72 and negative 70 begins to fall
from its maximum peak value, the polarity of diode 80
ensures that the series combination of capacitors 74 and 76
cannot discharge through the DC Bus positive 82 and nega-
tive 84 outputs. The output voltage between the DC Bus
positive 82 and negative 84 lines will equal the falling input
voltage between the rectified positive 72 and negative 70 lines
until a voltage level of slightly below one half of the maxi-
mum peak input voltage is reached. At that point, diodes 86
and 88 become forward biased and each of the capacitors 74
and 76 can then supply its stored energy through the DC Bus
positive 82 and negative 84 lines. The output voltage between
the DC Bus positive 82 and negative 84 lines will then fall at
the rate of discharge of the now parallel capacitors 74 and 76.
The energy to the DC bus positive 82 and negative 85 lines is
supplied solely by the now parallel capacitors 74 and 76 until
the input voltage between the rectified positive 72 and nega-
tive 70 lines again equals or exceeds the output voltage
between the DC Bus positive 82 and negative 84 lines. Sizing
of'the capacitors 74 and 76 as well as the resistor 78 influence
the shape of the input current. FIGS. 74 and 75 show the
typical input voltage and current and the output voltage of the
described passive component power factor conditioning cir-
cuit when the electronic lamp is powered from a 50 Hz or 60
Hz output lamp ballast and FIGS. 7¢ and 7d show the typical
input voltage and current and the output voltage of the
described passive component power factor conditioning cir-
cuit when the electronic lamp is powered from a 40 kHz
output lamp ballast. In both cases, the power factor resulting
from the input current and the input voltage to the power
factor conditioning circuit will typically be greater than 0.94.
The passive power factor conditioning circuit 26 can be com-
posed of different arrangements and implementations of the
components described.

FIG. 8 shows an alternate implementation of the PFC cir-
cuit 26 using active components. A PFC controller 90 is
utilized to actively modulate a switching device 92 alternat-
ing the electrical conducting path between Path 1: the recti-
fied Positive 72, an inductor 94, the closed switching device
92 and the rectified Negative 70, and Path 2: the rectified
Positive 72, the inductor 94, a diode 96, a DC Bus capacitor
98, and the rectified Negative 70. The switching device 92 can
take the form of many physical devices well known in the art
such as, but not limited to, BJTs, MOSFETs, and IGBTs.
Feedback signals from the DC Bus Positive 82, a current
sensing means 100, and the rectified Positive 72 are supplied
to the PFC Controller 90, which in turn adjusts the frequency
and/or duty cycle of the actively modulated switching device
92 so as to generate the desired rectified input current in
relation to the rectified input voltage while maintaining the
desired DC Bus output voltage. FIGS. 9a and 96 show the
typical input voltage and current and the output voltage of the
described active component power factor conditioning cir-
cuit. The power factor resulting from the input current and the
input voltage to the power factor conditioning circuit is typi-
cally be greater than 0.99. The active power factor condition-
ing circuit 26 can be composed of different arrangements and
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implementations of the components described and is well
known to those skilled in the art.

Turning to FIG. 10, a schematic diagram of a power con-
vertor circuit is shown. In the current embodiment, the power
convertor circuit 30 is in a Cuk configuration. The implemen-
tation shown is a standard Cuk topology well known to those
skilled in the art of DC to DC converters. The DC bus positive
82 and DC bus negative 84, output from the PFC circuit 26
provide a variable DC input voltage to the power converter
circuit 30. A control input 110, from the impedance control
port 53 operates a power switch 112 to control the power
transfer in the overall circuit 10. An input inductor 114, an
energy transfer capacitor 116, an output inductor 118, and an
output capacitor 120 provide energy storage elements which
are used to transform the input voltage levels to those required
to drive the light emitting circuit 34 connected to the output of
the power converter circuit 30. Rectifier 122 assists in con-
trolling the flow of current during operation of the circuit 10.
An input current sense resistor 124 provides an output voltage
between an input current sense positive 126 and an input
current sense negative 128 that is proportional to the input
current to the power converter circuit 30. The input current
sense resistor 124 provides the functionality of the input
current sensor 36 shown in FIG. 1. An output current sense
resistor 130 provides an output voltage between an output
current sense positive 132 and output current sense negative
134 that is proportional to the output current of the power
converter circuit 30. The output current sense resistor 130
provides the functionality of the output current sensor 40
shown in FIG. 1. The output voltage to drive the light emitting
circuit 34 appears across an output positive 136 and an output
negative 138. The power switch 112 can take the form of
many physical devices well known in the art such as, but not
limited to, BJTs, MOSFETs, and IGBTs. The rectifier 122
can also take the form of many physical devices well known
in the art such as, but not limited to, diodes and tube rectifiers.

When power is first applied to the converter, the power
switch is open and the energy transfer capacitor is initially
charged by current flowing from the DC bus positive 82
through the input inductor 114, through the energy transfer
capacitor 116 through rectifier 122, through the input current
sense resistor 124 to the DC bus negative 84. Operation then
begins with an input current ramp up cycle in which power
switch 112 is closed by a signal from the control input 110 and
rectifier 122 is off due to the reverse voltage bias across it
from the energy transfer capacitor 116. This causes current to
flow from the DC bus positive 82, through the input inductor
114, through the power switch 112, through the input current
sense resistor 124, and back to the DC bus negative 84. This
causes the input current to increase as energy is stored in the
input inductor. At the same time, the charge on the energy
transfer capacitor 116 flows through the power switch 112,
through the output current sense resistor 130 to the output
positive 136, through the light emitting circuit 34, to the
output negative 138, and through the output inductor 118
back to the energy transfer capacitor 116. This causes the
output current to increase as energy from the energy transfer
capacitor 116 is transferred to the output inductor 118 and the
light emitting circuit 34 and causes the voltage across the
energy transfer capacitor 116 to drop. At the same time a
fraction ofthe current also flows through output capacitor 120
and charges it up to a voltage level approaching the voltage
across the light emitting circuit 34. This continues until the
control input 110 turns off the power switch 112 and starts the
input current ramp down cycle in which the rectifier 122 is on
due to the forward bias voltage provided by the voltage across
the DC bus positive 82 and the DC bus negative 84 and the
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voltages across the input inductor 114 and the energy transfer
capacitor 116. This causes the input current to decrease as
energy from the input inductor 114 is transferred to the energy
transfer capacitor 116 and causes the voltage across the
energy transfer capacitor 116 to increase.

At the same time, the output inductor 118 attempts to
maintain the output current level by releasing its stored
energy causing current to continue to flow through rectifier
122, through output current sense resistor 130 to the output
positive 136, through the light emitting circuit 34 to the output
negative 138 and back to the output inductor 118. This causes
the output current to decrease. At the same time, the output
capacitor 120 helps to supply some of the current to the light
emitting circuit 34 and its voltage decreases. The voltage
produced by the output inductor 118 will automatically adjust
to a level such that the appropriate current flows in the light
emitting circuit. In this way, the energy coming into the input
of the power converter circuit 30 is transferred to the light
emitting circuit 34 albeit at the required voltage level of the
light emitting circuit. The control input 110 then turns on the
power switch 112 ending the cycle and the process repeats
again with the input current ramp up cycle. The duty cycle at
which the control input signal 110 operates the power switch
112 determines the average input current and subsequently,
the amount of power delivered to the output. With respect to
the Cuk topology, the input inductor 114 and output inductor
118 can be coupled by winding them onto a single trans-
former. Although not required when input current control is
used, such as in this application, a compensation circuit com-
prising a capacitor in series with a resistor can be placed
across the energy transfer capacitor 116 to improve the
response and stability of the system. The input current sense
resistor 124 and the output current sense resistor 130 can be
replaced with other devices known to those skilled in the art
such as, but not limited to, hall effect sensors. The Cuk con-
verter topology as shown in FIG. 10 is also known to those
skilled in the art as a boost-buck converter. There are also
other possible DC to DC converter configurations known to
those skilled in the art that may be used in place of a Cuk
converter topology. These include, but are not limited to,
buck-boost converters, buck converters, and boost converters.
The salient features of the converter used are that the input
current is controlled and the output voltage adjusts such that
the energy drawn at the input is transferred to the light emit-
ting circuit on the output.

Turning to FIG. 11, a schematic diagram of an embodiment
of a light emitting circuit 34 is shown. The implementation
shown in FIG. 11 shows a single string of light emitting
diodes, or devices, 140a, 1405, 140c¢ between the output
positive 136 and the output negative 138. Although only three
are shown, any number of light emitting devices can be used.
Each light emitting device 140 is shown bypassed with an
optional zener diode 142a, 1425, 142¢ for robustness. The
zener diodes 142 preferably have a zener knee slightly larger
than the forward voltage of the light emitting devices so that
if any of the light emitting devices 140a, 1405, 140c become
defective the corresponding zener diode bypasses the light
emitting device and keeps the rest of the string functional. The
light emitting devices 140a, 1405, 140¢ and others are typi-
cally LEDs but may be any device that can operate from a DC
voltage and current. The zener diodes 142a, 1425, 142¢ can
be replaced by any device that conducts current when a cer-
tain voltage across it is exceeded. Examples of other such
devices are, but not limited to, transient voltage suppressors,
metal oxide varistors, diacs, and composite circuits such as
those composed of SCRs that are well known to those skilled
in the art. The circuit in FIG. 11 can have one or more light
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emitting devices. The zener diodes need not bypass only one
light emitting device. A zener diode (or other similar device)
with an appropriate forward voltage may bypass multiple
light emitting devices.

FIG. 12 of the drawings shows an alternative configuration
for the light emitting circuit 34. In the current figure, the light
emitting circuit 34 shown in FIG. 11 is duplicated into mul-
tiple parallel strings and each string has a load balance resistor
152, 154, 156 added between the last light emitting device
140c, 144c¢, 146¢ and the output negative 138 for current
balancing. The load balance resistors 152, 154, 156 can also
be used to sense current in the individual strings at points 158,
160, 162. The load balancing resistors can be replaced with
other components or circuits that balance the current among
the multiple strings. The current sensing outputs 158, 160,
162 can be provided through other devices known to those
skilled in the art such as, but not limited to, hall effect current
Sensors or separate current sensing resistors.

As disclosed above, the third function of the control circuit
32 is to monitor the current through multiple strings of light
emitting devices by way of their current sense outputs. In
relation to FIG. 12, the current sensor 42 corresponds to the
current sense signals 158, 160, 162.

In operation, signals are transmitted to the connections
124, 12b, 14a and 1456 from a lamp ballast or a line voltage
source which are then transmitted through the circuit 10. The
voltages from all the connections are transmitted to the AC
overvoltage protection circuit 20 and the connections 12a and
126 from the first connector 12 are transmitted to a first
filament control 16 and the connections 14a and 145 from the
second connector 14 are transmitted to a second filament
control 18. The AC overvoltage protection circuit 20 provides
protection to the circuit 10 so that transient voltages are
suppressed and do not negatively affect operation of the cir-
cuit 10. As will be understood, if the input is a DC signal, there
is no need to transmit the inputs to the AC overvoltage pro-
tection circuit 20.

The two filament controls 16 and 18 are controlled by a
filament control signal from the control circuit 32 to control
the impedance between the two connections to which the
filament control 16 or 18 is associated.

The output of the connections 12a, 125, 14a and 145 are
also connected as inputs to the rectifier circuit 22 which
transmits the inputs through rectifier devices 68 to produce
the rectifier DC positive output 72 and the DC negative output
70. The DC positive output 72 and DC negative output 70 are
then transmitted through the DC overvoltage protection cir-
cuit 24 to provide further protection to the circuit 10 so that
transient voltages from the DC positive and DC negative
outputs 72 and 70 would not negatively affect operation of the
circuit.

The DC positive output 72 and the DC negative output 70
are then transmitted to the PFC circuit 26 where the signals
are transmitted through the PFC circuit 26 to produce the DC
Bus positive output 82 and the DC Bus negative output 84.

These two outputs 82 and 84 are then transmitted to the
power converter circuit 30 and to the V+ and V- input ports 50
and 52 of the control circuit 32. The control circuit receives
the outputs 82 and 84 along with a signal from the input
current sensor 36. Using these signals, the control circuit 32
monitors the DC bus voltage at the input to the power con-
verter 30 at connection point 28 where the voltage difference
between DC bus positive 82 and DC bus negative 84 is mea-
sured.

The control circuit 32 also monitors the power converter 30
input current shown at current sense 36 by monitoring the
voltage drop across input current sense resistor 124 of the
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power converter 30 between input current sense positive 126
and input current sense negative 128. The desired current
level is calculated by dividing the DC bus voltage by the
desired input impedance and a hysteresis band with an upper
and lower limit is calculated from this value.

The control circuit 32 then turns on the power switch 112 in
the power converter 30 until the monitored input current
reaches the upper hysteresis limit. The control circuit 32 then
turns off the power switch 112 in the power converter 30 until
the monitored input current reaches the lower hysteresis limit
and the cycle repeats. In this way the average input impedance
of the power converter 30 is controlled.

Afterreceiving the outputs 82 and 84, seen as a variable DC
input voltage, from the PFC circuit 26 and a control signal
from the impedance control port 53, the power convertor
circuit 30 operates the power switch 112 in response to the
control signal to control the power transfer in the circuit 30.
The input inductor 114, the energy transfer capacitor 116, the
output inductor 118, and the output capacitor 120 provide the
energy storage elements needed to transform the input volt-
age levels to those required to drive the light emitting circuit
34 which is connected to the output of the power converter
circuit 30 while rectifier 122 helps to control the flow of
current during operation. The input current sense resistor 124
provides an output voltage between the input current sense
positive 126 and input current sense negative 128 that is
proportional to the input current to the power converter circuit
30 (also seen as the input current sensor 36 shown). The
output current sense resistor 130 provides an output voltage
between the output current sense positive 132 and output
current sense negative 134 that is proportional to the output
current of the power converter circuit 30 (also seen as the
output at output current sensor 40 shown in FIG. 1). The
output voltage to drive the light emitting circuit 34 appears
across the output positive 136 and the output negative 138.
When power is first applied to the power converter circuit 30,
the power switch 112 is open and the energy transfer capacitor
116 is initially charged by current flowing from the DC bus
positive 82 through the input inductor 114, through the energy
transfer capacitor 116, rectifier 122, the input current sense
resistor 124 to the DC bus negative 84.

Operation then begins with an input current ramp up cycle
in which the power switch 112 is closed by the signal from the
control input 110 and rectifier 122 is turned off due to the
reverse voltage bias across it from the energy transfer capaci-
tor 116 causing current to flow from the DC bus positive 82 to
the DC bus negative 84 through the input inductor 114, power
switch 112 and input current sense resistor 124. This also
causes the input current to increase as energy is stored in the
inputinductor 114. Atthe same time, the charge on the energy
transfer capacitor 116 flows through the power switch 112,
the output current sense resistor 130 and the output positive
136, through the light emitting circuit 34, to the output nega-
tive 138, and through the output inductor 118 back to the
energy transfer capacitor 116. This causes the output current
to increase as energy from the energy transfer capacitor 116 is
transferred to the output inductor 118 and the light emitting
circuit 34 and causes the voltage across the energy transfer
capacitor 116 to drop. At the same time a fraction of the
current also flows through output capacitor 120 and charges it
up to a voltage level approaching the voltage across the light
emitting circuit 34. This continues until the control input 110
turns off the power switch 112 and starts the input current
ramp down cycle in which the rectifier 122 is on due to the
forward bias voltage provided by the voltage across the DC
bus positive 82 and the DC bus negative 84 and the voltages
across the input inductor 114 and the energy transfer capaci-
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tor 116. This causes the input current to decrease as energy
from the input inductor 114 is transferred to the energy trans-
fer capacitor 116 and causes the voltage across the energy
transfer capacitor 116 to increase. At the same time, the
output inductor 118 attempts to maintain the output current
level by releasing its stored energy causing current to con-
tinue to flow through rectifier 122, through output current
sense resistor 124 to the output positive 136, through the light
emitting circuit 34 to the output negative 138 and back to the
output inductor 118. This causes the output current to
decrease.

At the same time, the output capacitor 120 helps to supply
some of the current to the light emitting circuit 34 and its
voltage decreases. The voltage produced by the output induc-
tor 118 will automatically adjust to a level such that the
appropriate current flows in the light emitting circuit. In this
way, the energy coming into the input of the power converter
circuit 30 is transferred to the light emitting circuit 34 albeit at
the required voltage level of the light emitting circuit. The
control input 110 then turns on the power switch 112 ending
the cycle and the process repeats again with the input current
ramp up cycle. The duty cycle at which the control input
signal 110 operates the power switch 112 determines what the
average input current is and subsequently, how much power is
delivered to the output.

After the signals have passed through the power converter
circuit 30, the output positive 136 and the output negative 138
are transmitted to the light emitting circuit 34 to control
operation of the lights within the circuit 34.

The output positive signal 136 is then transmitted to the
light emitting devices 140, or the light emitting device 140 is
bypassed by the corresponding zener diode 142 to provide the
necessary power to the devices 140 for operation.

During operation of the circuit, the control circuit 32 also
monitors the DC bus voltage at the output of the power con-
verter 30 shown at connection point 36 where the voltage
difference between output positive 138 and output negative
136 is measured. The control circuit 32 also monitors the
power converter 30 output current shown with the current
sense 40 by monitoring the voltage drop across output current
sense resistor 130 between output current sense positive 132
and output current sense negative 134. If an overvoltage or
overcurrent condition is detected then the control circuit 32
either can command the filament simulation circuits 16 and
18 through their filament control inputs to become high
impedance to cause the ballast to shut down or attempt to
change the input impedance of the power converter circuit 30
by changing the controlled impedance set point in order to
reduce the operating output power point of the ballast. If an
undervoltage or undercurrent condition is detected then the
control circuit 32 can attempt to change the input impedance
of'the power converter circuit 30 by changing the controlled
impedance set point in order to increase the operating output
power point of the ballast.

In the case of multiple light emitting device strings as
shown in FIG. 12, the control circuit 12 monitors the current
sense outputs 158, 160 and 162 of the light emitting circuit 34.
A drop in current from a light emitting device string indicates
it has failed and in such a case the control circuit attempts to
reduce the power drawn by the input of the power converter
circuit 30 so that the remaining light emitting device strings
will not see an increase in current through them and thus
prevent them from being damaged. The control circuit 32
attempts to change the input impedance of the power con-
verter circuit 30 by changing the controlled impedance set
point in order to reduce the operating output power point of
the ballast. As described above with respect to the single
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string of LEDs, the control circuit 32 can also be designed to
shut down the ballast by sending filament control commands
to the filament simulation circuits 16 and 18 through the
filament control signal to become high impedance.

The control circuit 32 can also monitor communication
inputs from external devices through its communications
input 44a. When a command is received to dim to a certain
level the control circuit 32 changes the input impedance of the
power converter circuit 30 by changing the controlled imped-
ance set point (via the control signal 110) in order to change
the operating output power point of the ballast. When a com-
mand is received to turn off the lamp the control circuit 32
shuts down the ballast by sending filament control commands
to the filament simulation circuits 16 and 18 through their
filament control inputs to become high impedance and set the
ballast into fault mode. Other commands may also be
received and processed by the control circuit 32. The control
circuit 32 can log and report back operation of the unit to
external devices through its communications output 445. The
status of the unit as well as logs may be communicated to
external devices through these outputs.

In an alternative embodiment, if the power being supplied
to the connectors is a DC signal, there is no need for a rectifier
22 or an AC overvoltage protection circuit 20.

With respect to the above description then, it is to be
realized that the optimum dimensional relationships for the
parts of the invention, to include variations in size, materials,
shape, form, function and manner of operation, assembly and
use, are deemed readily apparent and obvious to one skilled in
the art, and all equivalent relationships to those illustrated in
the drawings and described in the specification are intended to
be encompassed by the present invention.

Therefore, the foregoing is considered as illustrative only
of the principles of the invention. Further, since numerous
modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and accord-
ingly, all suitable modifications and equivalents may be
resorted to, falling within the scope of the invention.

What is claimed is:

1. An impedance controlled electronic lamp circuit, pow-
ered by a power source, for controlling a set of light emitting
devices and being, comprising:

at least one connector, for connecting to the power source;
and for receiving a power signal;

at least one filament control, associated with one of the at
least one connector;

a power convertor circuit; for receiving the power signal
and for processing the power signal to provide a signal to
power to the set of light emitting devices; and

a control and monitoring circuit, including:
an input current port;
an input voltage plus (V+) port;
an input voltage minus (V-) port;
an output current port;
an output voltage plus (V+) port; and
an output voltage minus (V-) port;

wherein the control and monitoring circuit monitors the
power signal and controls the impedance of either the at
least one filament control or the power convertor circuit
to control the set of light emitting devices.

2. An impedance controlled electronic lamp circuit of

claim 1 wherein the power signal is an AC signal.

3. An impedance controlled electronic lamp circuit of
claim 2 further comprising:
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an AC overvoltage protection circuit, connected to the first
and second ballast connections of the first and second
connector.

4. An impedance controlled electronic lamp circuit of
claim 2 further comprising a circuit for transforming the AC
signal to a DC signal.

5. An impedance controlled electronic lamp circuit of
claim 4 wherein the circuit for transforming the AC signal to
a DC signal is a rectifier circuit.

6. An impedance controlled electronic lamp circuit of
claim 5 further comprising a DC overvoltage protection cir-
cuit connected to an output of the rectifier circuit.

7. An impedance controlled electronic lamp circuit of
claim 6 further comprising:

apower factor conditioning circuit, connected to an output

of the rectifier circuit.

8. An impedance controlled electronic lamp circuit of
claim 1 wherein the power signal is a DC signal.

9. An impedance controlled electronic lamp circuit of
claim 1 further comprising:

a first connector, having a first power source connection

and a second power source connection; and

a second connector, having a first power source connection

and a second power source connection.

10. An impedance controlled electronic lamp circuit of
claim 9 wherein the first power source connection and the
second power source connection of the first connector are a
first ballast connection and a second ballast connection and
the first power source connection and the second power
source connection of the second connector are a first ballast
connection and a second ballast connection.

11. An impedance controlled electronic lamp circuit of
claim 1 wherein the control and monitoring circuit comprises:

a filament control output port, connected to the at least one

filament control to control the at least one filament con-
trol; and

an impedance control output port, connected to the power

convertor circuit to control the power convertor circuit.

12. An impedance controlled electronic lamp circuit of
claim 1 wherein the power source is a lamp ballast of a line
voltage source.

13. An impedance controlled electronic lamp circuit of
claim 12 wherein the line voltage source is a main power line
supplying nominal rated 120V, 230V, 240V, 277 V or 347V
line voltage.

14. An impedance controlled electronic lamp circuit of
claim 1 wherein the control and monitoring circuit further
comprises:

a feedback port.

15. An impedance controlled electronic lamp circuit of
claim 14 wherein the control and monitoring circuit further
comprises:

an external device communications input port; and

an external device communication output port.

16. An impedance controlled electronic lamp circuit as in
claim 1, wherein the lamp ballast controls a fluorescent lamp.

17. An impedance controlled electronic lamp circuit as in
claim 1, wherein the lamp ballast controls a High Intensity
Discharge (HID) lamp.

18. An impedance controlled electronic lamp circuit as in
claim 1, wherein an external control signal, obtained though
either direct connection to the electronic lamp’s connector
pins, or through indirect connection via optical, inductive or
Radio Frequency interface, is used to control the electronic
light emitting devices.
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