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1
LED LAMP SYSTEM

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The present invention relates to an LED lamp system
designed to fit into a fluorescent lamp fixture. More particu-
larly, the invention relates to an LED driver for the LED
lamp system that results 1n a power factor presented to AC
mains of at least about 0.8 when the fluorescent lamp fixture
includes a three-wire magnetic ballast.

BACKGROUND OF THE INVENTION

LED lamps are being developed by various companies for
replacing fluorescent lamps in fluorescent lamp fixtures
(“FLFs”). In many cases, the fluorescent lamp ballasts are
removed or disconnected from a FLF, and additional wiring,
1s provided to drive (or power) the LED lamps. In some
cases, the LED lamps can be made to accept the electrical
power mput from a specific type of existing fluorescent tube
ballast 1n the FLF. An economical option for fluorescent
lamp replacement by an LED lamp 1s to leave the existing
fluorescent lamp ballast in the FLF and to utilize such ballast
tor powering the LED lamps without any rewiring of the
FLF.

As discovered by the present inventor, current LED lamp
drive circuitry encounters a problem with three-wire mag-
netic ballasts used 1n fluorescent lamp fixtures (“FLEFs™).
Three-wire magnetic ballasts exhibit a high power factor
when powering fluorescent lamps, but when powering LED
lamps with a power factor corrected LED driver, the present
inventor discovered that power {factor substantially
decreases to about 0.63, for instance. As 1s known, the power
factor of an electrical circuit i1s the ratio of the real power
flowing to the circuit to the apparent power in the circuit.

Accordingly, 1t would be desirable to provide an LED
lamp system designed to fit into a fluorescent lamp fixture
and which can utilize an existing three-wire magnetic fluo-
rescent lamp ballast already present 1n the fluorescent lamp
fixture, while presenting a power factor to AC mains of at
least about 0.8.

BRIEF SUMMARY OF THE INVENTION

In accordance with a preferred aspect of the mnvention, an
LED lamp system 1s provided. The LED lamp system 1is
designed to {it into a fluorescent lamp fixture and to utilize
a fluorescent lamp power supply contained 1n the fixture and
receiving power from AC mains. The LED lamp system
includes an LED driver which comprises a power factor
corrected driver circuit for presenting a power factor to the
AC mains of at least about 0.8. The LED drniver further
comprises a current control circuit, responsive to the pres-
ence of a three-wire magnetic ballast in the fluorescent lamp
power supply, for increasing the LED operating current
above the nominal rated LED operating current and to a
level suflicient to present a power factor to the AC mains of
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2

at least about 0.9. Preferably, the presence of the three-wire
magnetic ballast 1s automatically detected by the LED lamp
system.

Beneficially, the foregoing LED lamp system can utilize
an existing three-wire magnetic fluorescent lamp ballast
already present 1n a fluorescent lamp fixture, while present-
ing a power factor to AC mains of at least about 0.8.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram, partly 1n block form, of an
LED lamp system using a lamp driver in accordance with the
present 1nvention.

FIG. 2 1s a schematic diagram, partly 1in block form, of a
three-wire magnetic ballast connected to a fluorescent lamp.

FIG. 3 1s a schematic diagram, partly in block form, of a
two-wire magnetic ballast connected to a fluorescent lamp.

FIG. 4 1s a graph of power factor versus current supplied
to an LED driver arrangement that 1s used with a fluorescent
lamp containing a three-wire magnetic ballast.

FIG. 5 1s a flow chart of a typical sequence of logic
analysis for realizing benefits of the present invention.

FIG. 6 1s a flow chart of a preferred way to detect between
two and three-wire magnetic ballasts 1n a fluorescent lamp
fixture.

Further features and advantages of the invention waill
become apparent Irom reading the {following detailed
description 1 conjunction with the following drawings, 1n
which like reference numbers refer to like parts.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1

FIG. 1 shows an LED lamp system 10 including an LED
driver arrangement 12 and an LED board 14. The LED board
14 may be a printed-circuit board on which one or more
LEDs are mounted. LED lamp system 10 1s designed to {it
into a tluorescent lamp fixture 16, which may contain 1n 1ts
power supply for a fluorescent lamp a ballast 18 powered by
AC mains 20 and 22.

LED lamp driver arrangement 12 includes a suitably
conventional full-wave rectifier and filter 28 for receiving
power Ifrom fluorescent lamp ballast 18. A Power Factor
Corrected (PFC) drniver circuit 30 1s used to present to the
AC mains 20 and 22 a power factor of at least about 0.8, 0.9
and 0.95, with 1.0 being a perfect power factor. More
preferably, such power factor 1s at least 0.99. As 1s known,
the power factor of an electrical circuit 1s the ratio of the real
power tlowing to the circuit to the apparent power 1n the
circuit. A suitable PFC driver circuit 30 may be a Model
L6562 AT chip sold by STMicroelectronics whose headquar-
ters 1s 1n Geneva, Switzerland. Other suitable PFC circuits
include a Model M(C33368 chip sold by Freescale Semicon-
ductor Inc. of Austin, Tex. U.S.A.

In a preferred embodiment, an electrical condition sensor
33 monitors mput voltage and current from the rectifier and
filter 28 and also output current supplied to the one or more
LEDs on the LED board 14. A logic and electrical condition
control circuit 36, typically carried out with a microproces-
sor, determines whether the fluorescent lamp fixture 16
contains a ballast 18 and whether such ballast 18 1s a
three-wire magnetic ballast, such as shown i FIG. 2, as
opposed, for instance, to a two-wire magnetic ballast 18 as
shown in FIG. 3. In FIGS. 2 and 3, a fluorescent lamp 1s
indicated 1n phantom at 40, and the other reference numbers
correspond to the same reference numbers 1n FIG. 1.
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In response to the electrical condition sensor 33, the logic
and electrical condition control circuit 36 sets an appropriate
level of current for the one or more LEDs on the LED board
14, and also may adjust the input voltage and current to the
LED driver 16 so as to properly interact with the fluorescent
lamp ballast 18.

In the event that a determination 1s made that the fluo-
rescent lamp ballast 18 1s a three-wire magnetic ballast,
which may be done manually or more preferably via the
logic and electrical condition control circuit 36, such circuit
36 will increase the current supplied to the LED board 14
sufliciently above the nominal current rating of the one or
more LEDs on the board 14 to assure that the power factor
presented to the AC mains 20 and 22 can be maintained at
least about 0.8. This 1s 1n accordance with experimentation
and discovery by the present inventor, which found that,
despite using a PFC driver circuit 30 that normally results 1n
a power lactor of at least about 0.99 with a two-wire
magnetic ballast, for example, considerably lower power
factors, such as 0.83, were obtained when the fluorescent
lamp fixture 16 contained a three-wire magnetic ballast and
nominal rated current was supplied to the one or more LEDs
on the LED board 14. Ironically, three-wire magnetic bal-
lasts, when powering fluorescent lamps, typically achieved,
without a separate power factor correction circuit, a power
tactor that could typically reach in excess of about 0.97.
Beneficially, when the current level 1s increased to the LED
board 14 to no more than about 318 ma, the efliciency of
clectricity-to-lumen conversion of the LEDs on the LED
board 14 does not decrease because the lumen output of the
LED board increases.

In order to determine an appropriate increase in current
supplied to the one or more LEDs on LED board 14, FIG.
4 shows a typical graph 45 of power factor presented to AC
mains versus current supplied to LED driver arrangement 12
of FIG. 1. The current supplied to the one or more LEDs on
LED board 14 1s typically about 95 percent of the current
supplied to the LED drniver arrangement 12, which uses
some current for logic functions, etc.

As can be seen 1n FIG. 4, a current level of about 270
milliamps (ma) beneficially achieves a very high power
factor of, for instance, 0.99. Such an increased level of
current has been found to accommodate various three-wire
magnetic ballasts, which differ from each other due to
manufacturing tolerances, for mnstance. However, lesser cur-
rent levels can attain a very high power factor, depending on
the specific three-wire magnetic ballast used. If a more
modest power factor of about, for mnstance, 0.93, 0.9 or 0.8
for the LED drniver 1s tolerable, then the elevated current
level can be less than 270 ma, for instance.

For high power factor, 1t 1s preferred that the current
supplied to the LED driver arrangement 12 1s greater than
200 milliamps, or, stated differently, that such current is
within about five percent of 270 ma.

It would be a matter of routine skill, based on the present
specification, for a person of ordinary skill in the art to
prepare a graph similar to graph 45 of FIG. 4 for determining
an optimum level of current supplied to a specific LED
driver arrangement 12 (FIG. 1) for presenting to AC mains
a power factor of at least about 0.8, or other values as
mentioned 1n this specification.

FIG. 5 shows a flow chart of typical logic analysis for
realizing benefits of a preferred, automated aspect of the
present invention. The start of the logic analysis 1s step 54,
which 1s usually carried out by placing LED lamp system 10
(FIG. 1) mto fluorescent lamp fixture 16 (FIG. 1). This leads

to step 56, which 1s the detection of any magnetic ballast in
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4

the fluorescent lamp fixture (“FLF) 16. This may be accom-
plished by holding the mput current to LED driver arrange-
ment 12 at a decreased level, and measuring and saving the
value of input voltage to LED driver arrangement 12. This
1s followed by holding the mput current to LED driver
arrangement 12 at nominal iput current for a no-wire (no
ballast) or two-wire magnetic ballast, for example, and
comparing the existing mput voltage to the LED drniver
arrangement 12 to the saved mput voltage value, according
to step 58. If the diflerence between the two values 1s
approximately zero, a determination 1s made that no mag-
netic ballast 1s present in FLF 16 (FIG. 1), as indicated by
the notation “NO BALLAST™ 1n the output of step 58, and
the ensuing step 60 instructs the LED driver arrangement 12
to apply optimal lamp power operating parameters for the
condition wherein the FLF 16 lacks any magnetic ballast.

If the mentioned comparison of voltages 1n connection
with the voltage-comparison step 58 indicates that the
difference 1n voltages 1s greater than about five volts, for
instance, a determination 1s made that FLLF 16 contains a
magnetic ballast. The tlow chart then proceeds to step 64,
wherein detection 1s made between a two-wire magnetic
ballast and a three-wire magnetic ballast in FLF 16. Based
on the detection between two-wire and three-wire magnetic
ballasts of step 64, which 1s further detailed below, a
selection of either a two-wire magnetic ballast or a three-
wire magnetic ballast 1n made 1 step 66; such selection 1s
carried out by the logic and electrical condition circuit 36 of
FIG. 1. The flow chart then reaches step 60, wherein the
optimal lamp power operating parameters are chosen and
applied to LED dniver arrangement 12. As mentioned above,
in the case of a three-wire magnetic ballast being determined
as the fluorescent lamp ballast 18, the current supplied to the
one or more LEDs on the LED board 14 (FIG. 1) 1s increased
sufliciently above nominal rated LED current so that the
power lactor presented to AC mains 20 and 22 (FIG. 1) 15 at
least about 0.8.

FIG. 6 shows a preferred way to carry out step 64 of FIG.
5, that 1s, of detecting whether the FLF 16 of FIG. 1 contains
a two-wire or a three-wire magnetic ballast. FIG. 5 repeats,
in phantom, step 56 from FIG. 5 of detecting the presence of
any magnetic ballast. According to following step 70, driver
arrangement 12 draws current to achieve an impedance of,
for mstance, 300 ohms. According to step 73, the power
consumed by the LED driver arrangement 12 1s then calcu-
lated 1n watts, as P1, for instance. According to step 76, the
LED dniver arrangement 12 then draws current to achieve an
impedance of, for mnstance, 400 ohms, and, according to step
78, the power consumed by the LED driver arrangement 12
1s calculated 1n watts, as P2, for mstance. According to step
80, powers P1 and P2 are compared to determine the ballast
type (1.e., two-wire or three-wire magnetic ballasts). A
three-wire magnetic ballast 1s indicated 1t power P2 1s
greater than power P1; and a two-wire magnetic ballast 1s
indicated 11 power P1 1s greater than power P2. Following
step 80, the logic and electrical condition control circuit 36
(FIG. 1) then carries out step 66 of FIG. 5, shown 1n
phantom.

The various measurements made 1n connection with the
flow charts of FIGS. 5 and 6 are preferably made multiple
times (e.g., 10 times), so that spurious values that may arise
due to noise, for instance, can be discarded.

Although the flow charts of FIGS. 5 and 6 describe
discrimination among three choices of ballast condition (i.e.,
no magnetic ballast, or a two- or three-wire magnetic
ballast), 1t would be a matter of routine skill 1n the art based
on the present specification to discriminate a three-wire
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magnetic ballast from one or more other ballast conditions.
The one or more other ballast conditions could be any one
or a combination of a no-ballast condition, a two-wire
magnetic ballast condition, and a NEALS U.S. Navy Mili-
tary No. M16377/77-001 ballast (a type of electronic bal-

last), by way of example.
The following 1s a list of reference numerals and associ-
ated parts as used 1n this specification and drawings:

Reference Numeral Part

0 LED lamp system
12 LED driver arrangement
14 LED board
6 Fluorescent lamp fixture
8 Fluorescent lamp fixture

AC main
22 AC main
28 Full-wave rectifier and filter
30 Power Factor Corrected (PFC) driver circuit
33 Electrical condition sensor
36 Logic and electrical condition control circuit
40 Fluorescent lamp
45 Graph
54 Step
56 Step
58 Step
60 Step
64 Step
66 Step
70 Step
73 Step
76 Step
78 Step
80 Step

The foregoing describes an LED lamp system designed to
fit 1nto a fluorescent lamp fixture, and which increases the
current supplied to one or more LED lamps, upon determi-
nation that the fluorescent lamp fixture contains a three-wire
magnetic ballast, so that the power factor presented to AC
mains 1s at least about 0.8.

While the mvention has been described with respect to
specific embodiments by way of illustration, many modifi-
cations and changes will occur to those skilled 1n the art. It
1s, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall
within the true scope and spirit of the invention.

What 1s claimed 1s:

1. An LED lamp system designed to fit into a fluorescent
lamp fixture and to utilize a fluorescent lamp power supply
contained in the fluorescent lamp fixture; the fluorescent
lamp power supply receiving power from AC mains and
having a ballast condition that can be at least either a
two-wire magnetic ballast or a three-wire magnetic ballast;
the LED lamp system including an LED driver arrangement
which comprises:

a) a power factor corrected driver circuit for presenting a
power factor to the AC mains of at least about 0.8 when
cither a two-wire magnetic ballast or a three-wire
magnetic ballast 1s present in the fluorescent lamp
power supply; and

b) a logic and electrical condition current control circuit,
responsive to the presence of a three-wire magnetic
ballast 1 the fluorescent lamp power supply for
increasing an LED operating current above a nominal
rated LED operating current and to a level suflicient to
achieve power factor of the LED driver arrangement of
at least about 0.8;
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¢) wherein the two-wire magnetic ballast 1s configured so
that:

1) first and second conductors from a power source
applying a potential therebetween are respectively
coupled directly to a first end of said LED lamp
system and to a first terminal of the two-wire mag-
netic ballast;

11) said LED lamp system receives power from said first
conductor and from a third conductor connected
between a second terminal of the two-wire magnetic
ballast and a second end of said LED system; and

111) said lamp system has a power factor greater than 0.8
when operated from a two-wire magnetic ballast; and

d) wherein the three-wire magnetic ballast 1s configured
so that:

1) first and second conductors from a power source
applyving a voltage potential therebetween are
respectively coupled directly to two terminals of the
three-wire magnetic ballast;

11) said LED lamp system receives power from said first
conductor at a first end of said LED lamp system and
from a third conductor at a second end of said LED
lamp system connected to a further terminal of the
three-wire magnetic ballast;

111) when powering a fluorescent lamp, said three-wire
ballast attains a power factor of greater than 0.8; and

1v) said lamp system has a power factor below 0.8 when
the LED operating current 1s at the nominal rated

LED operating current.

2. The LED lamp system of claim 1, wherein the current
supplied to the LED driver arrangement 1s greater than 200
milliamps.

3. The LED lamp system of claim 1, wherein the current
supplied to the LED driver arrangement 1s within about five
percent of 270 ma.

4. The LED lamp system of claim 1, wherein the power
tactor presented to the AC mains with the three-wire ballast
1s at least about 0.9.

5. The LED lamp system of claim 1, wherein the power
factor presented to the AC mains with the three-wire ballast
at least about 0.93.

6. The LED lamp system of claim 1, wherein the power
factor presented to the AC mains with the three-wire ballast
1s at least 0.99.

7. The LED lamp system of claim 1, wherein the LED
driver arrangement 1s electrically connected between the
fluorescent lamp power supply and LEDs of the LED lamp
system and 1s separate from the fluorescent lamp fixture.

8. The LED lamp system of claim [7] /, wherein said logic
and electrical condition current control circuit 1s configured:

a) to cause the LED driver arrangement to achieve a first
impedance by selection of level of current drawn by the

LED dniver from the fluorescent lamp power supply;

b) to determine a first power level used by the LED drniver
arrangement when the LED driver 1s at said first
impedance;

¢) to cause the LED drniver arrangement to thereafter
achieve a second impedance, greater than the first
impedance, by selection of the level of current drawn
by the LED dniver from the fluorescent lamp power
supply; and

d) to determine a second power level used by the LED
driver arrangement when the LED driver 1s at said
second 1mpedance; and

¢) a three-wire magnetic ballast being indicated 11 the
second power level exceeds the first power level, and a
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two-wire magnetic ballast being indicated 1f the first
power level exceeds the second power level.
9. The LED lamp system of claim 1, wherein the ballast

condition 1s
10. The L]

absence ol a magnetic ballast.

=D lamp system of claim 1, wherein the ballast 5

condition 1s a NEALS U.S. Navy Military No. M16377/77 -

001 ballast.
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