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1 

SOLID-STATE LIGHTING APPARATUS FOR 
USE WITH FLUORESCENT BALLASTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

2 
ance couples the first filament-imitating impedance to a first 
input terminal of the solid-state lighting circuit. A second 
filament-imitating impedance is coupled to the second bal­
last connection port and a second low-frequency blocking 

5 impedance couples the second filament-imitating impedance 
to a second input terminal of the solid-state lighting circuit. 
A fluorescent replacement lamp may include such an appa­
ratus, wherein the first and second terminals of the first and 

The present application is a continuation-in-part applica­
tion and claims the benefit of U.S. patent application Ser. 
No. 14/055,264, filed Oct. 16, 2013 entitled SOLID-STATE 
LIGHTING APPARATUS WITH FILAMENT IMITATION 10 

second ballast connection ports comprise respective pins 
configured to be connected to a fluorescent lamp connector. 

FOR USE WITH FLORESCENT BALLASTS which is a 
continuation-in-part application and claims the benefit of 
U.S. patent application Ser. No. 13/943,455, filed Jul. 16, 
2013 entitled LED LIGHTING APPARATUS FOR USE 
WITH AC-OUTPUT LIGHTING BALLASTS, claiming the 
benefit of U.S. Provisional Patent Application No. 61/840, 
697, filed Jun. 28, 2013 entitled LED LIGHTING APPA­
RATUS FOR USE WITH AC-OUTPUT LIGHTING BAL­
LASTS, and which is also a continuation-in-part application 
and claims the benefit of U.S. patent application Ser. No. 
13/749,082, filed Jan. 24, 2013 entitled LED LIGHTING 
APPARATUS FOR USE WITH AC-OUTPUT LIGHTING 
BALLASTS, the disclosures of all the aforementioned 
applications are hereby incorporated herein by reference in 
their entirety. 

BACKGROUND 

The present inventive subject matter relates to lighting 
apparatus and methods and, more particularly, to solid-state 
lighting apparatus. 

Solid-state lighting arrays are used for a number of 
lighting applications. A solid-state light-emitting device may 
include, for example, a packaged light emitting device 
including one or more light emitting diodes (LEDs). These 
may include inorganic LEDs, which may include semicon­
ductor layers forming p-n junctions, and/or organic LEDs 
(OLEDs), which may include organic light emission layers. 

Solid-state lighting devices are commonly used in light­
ing fixtures, including task lighting, recessed light fixtures, 
ceiling mounted troffers and the like. Solid-state lighting 
panels are also commonly used as backlights for small liquid 
crystal display (LCD) screens, such as LCD display screens 
used in portable electronic devices, and for larger displays, 
such as LCD television displays. 

Solid-state lighting devices may be attractive for retrofit/ 
replacement applications, where devices such as LEDs may 
offer improved energy efficiency, reduced heat generation, 
extended life and desired performance characteristics, such 
as certain color and/or color rendering capabilities. For 
example, LED bulbs are commonly used to replace incan­
descent bulbs in down lights and other applications to reduce 
energy consumption and increase time between replace­
ments. LED-based replacements for fluorescent lamps have 
also been developed, as shown, for example, in U.S. Pat. 
Nos. 6,936,968, 7,507,001, 8,089,213, 8,358,056 and U.S. 
Patent Application Publication No. 2008/0266849, which 
describe various types of LED replacements for use in 
fluorescent light fixtures. 

SUMMARY 

Some embodiments provide a lighting apparatus includ­
ing a solid-state lighting circuit and first and second ballast 
connection ports configured to be coupled to a ballast. A first 
filament-imitating impedance is coupled to the first ballast 
connection port and a first low-frequency blocking imped-

In some embodiments, the first and second filament­
imitating impedances each comprise at least one capacitor. 
The first and second filament-imitating impedances may be 

15 
configured to transfer power at a nominal frequency of an 
output produced by the ballast and to provide impedances at 
the first and second ballast connection ports that prevent 
shutdown of the ballast. In some embodiments, capacitances 
provided at the respective first and second ballast connection 

20 ports may be in a range from about 0.1 µF to about 4 µF. 
Each of the first and second filament-imitating impedances 
may further include at least one resistor coupled in parallel 
with the at least one capacitor thereof. 

According to some embodiments, each of the first and 
25 second low-frequency blocking impedances may be config­

ured to block a DC offset, In further embodiments, each of 
the first and second low-frequency blocking impedances 
may be configured to block a nominally 60 Hz frequency 
component. Each of the first and second low-frequency 

30 blocking impedances may include at least one capacitor. The 
apparatus may further include respective resistors coupled in 
parallel with the at least one capacitors of the first and 
second low-frequency blocking impedances. 

In some embodiments, the solid-state lighting circuit may 
35 include a rectifier circuit having an input port coupled to the 

first and second low-frequency blocking impedances and at 
least one light emitting diode (LED) coupled to an output 
port of the rectifier circuit. The solid-state lighting circuit 
may further include a matching circuit. The matching circuit 

40 may include at least one capacitor coupled in parallel with 
the output port of the rectifier circuit and at least one 
inductor coupled between the at least one capacitor and the 
at least one LED. The at least one LED may include at least 

45 

one LED string. 
Further embodiments provide a lighting apparatus includ-

ing a solid-state lighting circuit, at least one ballast connec­
tion port and at least one low-frequency blocking impedance 
coupling the at least one ballast connection port to the 
solid-state lighting circuit. In some embodiments, the at least 

50 one low-frequency blocking impedance may be configured 
to block a DC offset. In further embodiments, the at least one 
low-frequency blocking impedance may be configured to 
block a nominally 60 Hz frequency component. 

The at least one low-frequency blocking impedance may 
55 include at least one capacitor. The apparatus may further 

include at least one resistor coupled in parallel with the at 
least one capacitor. 

The apparatus may further include a filament-imitating 
impedance coupling the at least one ballast connection port 

60 to the at least one low-frequency blocking circuit. 
The solid-state lighting circuit may include a rectifier 

circuit having an input port coupled to the at least one 
low-frequency blocking impedance and at least one LED 
coupled to an output port of the rectifier circuit. The solid-

65 state lighting circuit may further include a matching circuit. 
The matching circuit may include at least one capacitor 
coupled in parallel with the output port of the rectifier circuit 
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and at least one inductor coupled between the at least one 
capacitor and the at least one LED. 

4 

In further embodiments, the at least one ballast connec­
tion port may include a first ballast connection port and a 
second ballast connection port and the at least one low- 5 
frequency blocking impedance may include a first low­
frequency blocking impedance coupling the first ballast 
connection port to a first terminal of the solid-state lighting 
circuit and a second low-frequency blocking impedance 
coupling the second ballast connection port to a second input 

10 
terminal of the solid-state lighting circuit. Each of the first 
and second low-frequency blocking impedances may be 
configured to block a DC offset. In some embodiments, each 

accompanying drawings, in which embodiments of the 
inventive subject matter are shown. This inventive subject 
matter may, however, be embodied in many different forms 
and should not be construed as limited to the embodiments 
set forth herein. Rather, these embodiments are provided so 
that this disclosure will be thorough and complete, and will 
fully convey the scope of the inventive subject matter to 
those skilled in the art. Like numbers refer to like elements 
throughout. 

It will be understood that, although the terms first, second, 
etc. may be used herein to describe various elements, these 
elements should not be limited by these terms. These terms 
are only used to distinguish one element from another. For 
example, a first element could be termed a second element, 

of the first and second low-frequency blocking impedances 
may be configured to block a nominally 60 Hz frequency 
component. 

Each of the first and second low-frequency blocking 
impedances may include at least one capacitor. The appa­
ratus may further include respective resistors coupled in 
parallel with the at least one capacitors of the first and 
second low-frequency blocking impedances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro­
vide a further understanding of the inventive subject matter 
and are incorporated in and constitute a part of this appli­
cation, illustrate certain embodiment(s) of the inventive 
subject matter. In the drawings: 

FIG. 1 is a schematic diagram illustrating lighting appa­
ratus with a filament-imitating impedance according to some 
embodiments; 

FIG. 2 is a schematic diagram illustrating lighting appa­
ratus using a capacitor as a filament-imitating impedance 
according to some embodiments; 

15 and, similarly, a second element could be termed a first 
element, without departing from the scope of the present 
inventive subject matter. As used herein, the term "and/or" 
includes any and all combinations of one or more of the 
associated listed items. 

20 It will be understood that when an element is referred to 
as being "connected" or "coupled" to another element, it can 
be directly connected or coupled to the other element or 
intervening elements may be present. In contrast, when an 
element is referred to as being "directly connected" or 

25 "directly coupled" to another element, there are no inter­
vening elements present. When a third element "couples" 
first and second elements, additional intervening elements 
may be present between the third element and the respective 
first and second elements. It will be further understood that 

30 elements "coupled in series" or "serially connected" may be 
directly coupled or may be coupled via intervening ele-
ments. 

FIGS. 3-6 are schematic diagrams illustrating lighting 
apparatus with various filament-imitating impedance con- 35 

figurations according to some embodiments; 

Spatially relative terms, such as "below", "beneath", 
"lower", "above", "upper", and the like, may be used herein 
for ease of description to describe one element or feature's 
relationship to another element(s) or feature(s) as illustrated 

FIG. 7 is a schematic diagram illustrating lighting appa­
ratus with a filament-imitating impedance including a par­
allel combination of a capacitor and resistance according to 
some embodiments; 

FIGS. 8-10 are schematic diagrams illustrating lighting 
apparatus with a filament-imitating impedance and blocking 
impedance according to various embodiments; 

in the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation, in addition to the orientation 

40 depicted in the figures. Throughout the specification, like 
reference numerals in the drawings denote like elements. 

The terminology used herein is for the purpose of describ-

FIG. 11 is a schematic diagram illustrating lighting appa­
ratus with a rectifier circuit and matching circuit according 45 

to some embodiments; 

ing particular embodiments only and is not intended to be 
limiting of the present inventive subject matter. As used 
herein, the singular forms "a", "an" and "the" are intended 
to include the plural forms as well, unless the context clearly 

FIG. 12 is a schematic diagram illustrating lighting appa­
ratus with a CL resonant matching circuit according to some 
embodiments; 

FIG. 13 is a schematic diagram illustrating lighting appa- 50 

ratus with a CL resonant matching circuit according to 
further embodiments; 

indicates otherwise. It will be further understood that the 
terms "comprises" "comprising," "includes" and/or "includ­
ing" when used herein, specify the presence of stated 
features, integers, steps, operations, elements, and/or com­
ponents, but do not preclude the presence or addition of one 
or more other features, integers, steps, operations, elements, 
components, and/or groups thereof. FIG. 14 is a schematic diagram illustrating a temperature­

varying filament-imitating impedance according to some 
embodiments; 

FIGS. 15 and 16 are schematic diagrams illustrating 
lighting apparatus using temperature-varying filament-imi­
tating impedances according to some embodiments; 

FIG. 17 illustrates a fluorescent tube replacement lamp 
according to further embodiments; and 

FIGS. 18A-B are schematic diagrams illustrating a light­
ing apparatus according to further embodiments. 

DETAILED DESCRIPTION 

Embodiments of the present inventive subject matter now 
will be described more fully hereinafter with reference to the 

Unless otherwise defined, all terms (including technical 
55 and scientific terms) used herein have the same meaning as 

commonly understood by one of ordinary skill in the art to 
which this present inventive subject matter belongs. It will 
be further understood that terms used herein should be 
interpreted as having a meaning that is consistent with their 

60 meaning in the context of this specification and the relevant 
art and will not be interpreted in an idealized or overly 
formal sense unless expressly so defined herein. The term 
"plurality" is used herein to refer to two or more of the 
referenced item. 

65 FIG. 1 illustrates a lighting apparatus 100 according to 
some embodiments. The apparatus includes at least one 
ballast connection port 101 including first and second ter-

Page 17 of 21



US 10,045,406 B2 
5 

minals 101a, 101b. The terminals 1 Ola, 1 Olb may comprise, 
for example, pins that are configured to be connected to a 
fluorescent lamp connector (e.g., a tombstone connector) 
that provides electrical coupling to a fluorescent lighting 
ballast. The apparatus 100 may also include a second port 5 

102 with similar terminals 102a, 102b for use in, for 
example, bi-pin fluorescent tube replacement applications. 

A filament-imitating impedance 120 is coupled between 
the first and second terminals 101a, 101b. A solid-state 
lighting circuit, here shown as LED lighting circuit 110 10 

(which may include one or more LEDs and associated 
circuitry for driving the same), is coupled to the filament­
imitating impedance 120 and the second terminal 101b. The 
LED lighting circuit 110 may also be coupled to the termi­
nals 102a, 102b of the second ballast connection port 102, 15 

either directly or via intervening circuitry. 
According to some embodiments, the filament-imitating 

impedance 120 is configured to provide an impedance that 
mimics behavior of the filament of a fluorescent lamp. In 
particular, the filament-imitating impedance may be config- 20 

ured to present an impedance between the first and second 
terminals of a ballast connection port that mimics the 
impedance provided by a filament of a fluorescent lamp, 
while at the same time allowing power transfer between the 
ballast connection port 101 and the LED lighting circuit 110 25 

so that the one or more LEDs of the LED lighting circuit 110 
may be driven by the ballast. In particular, some fluorescent 
lighting ballasts may be configured to detect the state of an 
attached lamp by monitoring the AC and/or DC impedance 
between terminals of pins connected to the ends of the 30 

filament, and may shut down the ballast if the impedance 
indicates a failed/failing lamp. The filament-imitating 
impedance may mimic the impedance of a healthy filament 
under such monitoring and, therefore, may prevent 
unwanted shutdown. As further shown, the LED lighting 35 

circuit 110 may be configured to provide a matching imped­
ance between the first and second ballast connection ports 
101, 102 that facilitates power transfer between the ballast 
and the LED lighting circuit 110. 

As shown in FIG. 2, a filament-imitating impedance may 40 

take the form of a capacitor Cl coupled to the first and 
second terminals 101a, 101b of the first ballast port 101 and 
to a LED lighting circuit 110. The capacitor Cl may be sized 
such that it presents a relatively low impedance above a 
certain frequency corresponding to the nominal output fre- 45 

quency of the ballast while still providing an impedance 
sufficient to imitate the filament impedance of a fluorescent 
lamp and, thus, prevent shutdown due to failure of a filament 
test by the ballast. In this manner, filament imitation may be 
provided while maintaining efficient power transfer to the 50 

LED lighting circuit 110 The LED lighting circuit 110 may 
present an impedance that approximately matches an output 
impedance of the ballast at the ballast's nominal frequency 
such that power transfer to the LED lighting circuit 110 may 
be optimized. According to some embodiments, the capaci- 55 

tor Cl may provide a capacitance between the first and 
second terminals 101a, 101b of the ballast connection port 
101 that is in a range from about 0.1 µF to about 4 µF. 

Various embodiments may provide differing arrange­
ments of filament-imitating impedances. For example, FIG. 60 

3 illustrates a lighting apparatus 300 including a first fila­
ment-imitating impedance 320a coupled between a first and 
second terminals 1 Ola, 1 Olb of a first ballast connection port 
101 and a second filament-imitating impedance coupled 
between first and second terminals 102a, 102b of a second 65 

ballast connection port 102. As shown in FIG. 4, a lighting 
apparatus 400 may use such an arrangement implemented 

6 
using first and second capacitors Cl, C2. As shown in FIG. 
5, a lighting apparatus 500 may include respective filament­
imitating impedances 520a, 520b, 520c, 520d coupled to 
respective terminals 101a, 101b, 102a, 102b of first and 
second ballast connection ports 101, 102. As shown in FIG. 
6, such an arrangement may be implemented using respec­
tive capacitors Cl, C2, C3, C4. Along the lines discussed 
above, these arrangements may provide capacitances 
between the first and second terminals 101a, 101b of the first 
ballast connection port 101 and between the first and second 
terminals 102a, 102b of the second ballast connection port 
102 that are in a range from about 0.1 µF to about 4 µF. The 
LED lighting circuit 110 may provide a matching impedance 
between the first and second ballast connection ports 101, 
102 as described above. 

According to further embodiments illustrated in FIG. 7, a 
lighting apparatus 700 may include a filament-imitating 
impedance 720 that includes a capacitor Cl and a resistor Rl 
connected in parallel with the capacitor Cl. Some fluores­
cent lamp ballasts are configured to detect a DC resistance 
between pins connected to ends of a filament, and may 
prevent operation of the lamp if the DC resistance is too 
great. The resistor Rl may provide sufficient continuity 
between the terminals 101a, 101b to prevent such a shut­
down. According to further embodiments, the resistor Rl 
may have a resistance operative to limit current through an 
attached starter circuit (not shown) to inhibit starter opera­
tion, i.e., the resistor Rl may provide a resistance sufficient 
to reduce or prevent glow discharge in the starter such that 
a bimetallic switch in the starter remains open. Appropriate 
resistor values for TS replacement applications, for example, 
may be in a range from about 1 k ohms to about 50 k ohms. 

FIG. 8 illustrates a lighting apparatus 800 according to 
some embodiments of the inventive subject matter. A fila­
ment-imitating impedance 820 is coupled to a first terminal 
101a of a first ballast connection port 101. A low-frequency 
blocking impedance 830 is coupled between the second 
terminal 101b of the first port 101 and an LED lighting 
circuit 110. The filament-imitating impedance 820 is con­
figured to present an impedance to the ballast that has 
characteristics similar to those provided by a filament of a 
fluorescent lamp and may take the form, for example, of the 
filament-imitating impedances described above with refer­
ence to FIGS. 1-7. The blocking impedance 830 is config­
ured to blocks a lower frequency component that may be 
provided by the ballast, such as a DC offset produced by the 
ballast. In some embodiments, the apparatus 800 may be 
configured for operation only with high-frequency elec­
tronic ballasts, and the blocking impedance 830 may be 
configured to block a 60 Hz component so that, if the 
apparatus 800 is incorrectly connected to a magnetic ballast, 
transfer of power to the LED lighting circuit 110 may be 
reduced or prevented, thus preventing damage and/or 
improper operation. 

In some fluorescent replacement lamp applications, the 
arrangement of the filament-imitating impedance 820 and 
the blocking impedance 830 may facilitate installation with­
out concern about the orientation of the lamp with respect to 
the lamp connectors. A typical fluorescent tube is symmetri­
cal, i.e., the two pins on the end of the tube are interchange­
able in function. In some fixtures, one of the pins will be 
connected to the ballast, while the other of the pins will be 
connected to a starter circuit. Installation of a replacement 
lamp along the lines of FIG. 8 in such a fixture may result 
in the first terminal 101a being connected to the ballast and 
the second terminal 101b being connected to the starter, such 
that the filament-imitating impedance 820 may also provide 
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a low-frequency blocking function. However, if the pins 
101a, 101b are reversed, the ballast may be connected to the 
second terminal 1 Olb a rather than the first terminal 101a. In 
this arrangement, the filament-imitating impedance 820 
would still provide filament imitation, but would not provide 5 

the desired low frequency blocking. Such blocking would be 
provided by the blocking impedance 830. FIG. 9 illustrates 

8 
entitled "LED LIGHTING APPARATUS FOR USE WITH 
AC-OUTPUT LIGHTING BALLASTS", filed Jan. 24,2013 
and in copending U.S. patent application Ser. No. 13/943, 
455 entitled "LED LIGHTING APPARATUS FOR USE 
WITH AC-OUTPUT LIGHTING BALLASTS", filed Jan. 
24,2013, the disclosures of which are incorporated herein by 
reference in their entirety. 

According to further embodiments, a filament-imitating 
impedance may be a temperature-varying impedance. Some 

an exemplary lighting apparatus 900, in which filament­
imitating and blocking impedances are provided by respec­
tive capacitors Cl, C2. 

According to further embodiments illustrated in FIG. 10, 
a lighting apparatus 1000 may include a filament-imitating 
impedance 1020 including a capacitor Cl and a low-fre­
quency blocking impedance 1030 including a capacitor C2 

10 ballasts perform filament tests in which a filament is tested 
by measuring a "cold" impedance of the filament before 
energizing, and then testing the filament impedance after the 
filament has been energized and heated up. If the change in 

as described above. The filament-imitating impedance 1020 15 

may also include a resistor Rl coupled in parallel with the 
capacitor Cl. Some fluorescent lamp ballasts are configured 
to detect a DC resistance between pins connected to ends of 
a filament, and may prevent operation of the lamp if the DC 
resistance is too great. The resistor Rl may provide sufli- 20 

cient continuity between the terminals 101a, 101b to prevent 
such a shutdown. According to further embodiments, the 
resistor Rl may be sized to limit current through an attached 
starter circuit (not shown in FIG. 2) to inhibit starter 
operation as described above. As also shown in FIG. 10, an 25 

additional resistor R2 may be connected in parallel with the 
blocking capacitor C2. The resistor R2 may be configured to 
discharge a DC voltage that may develop across the blocking 
capacitor C2 when the apparatus is used with certain types 

impedance between the two temperatures fails to meet a 
predetermined criteria, the ballast may prevent operation. 
FIG. 14 illustrates a filament-imitating impedance 1400 
including a capacitor Cl and resistor Rl along the lines 
described above, along with a parallel combination of an 
additional resistor R2 and a positive temperature coefficient 
(PTC) resistor Ul coupled in series with the capacitor Cl. 
The PTC resistor Ul has a resistance that increases as 
current flows through the PTC resistor Ul and heats it up. 
Such an arrangement can be used to accommodate such a 
test and prevent shutdown due to failing the test. 

FIG. 15 illustrates use of such a filament-imitating imped-
ance in a lighting apparatus 1500 that includes a rectifier 
circuit 1211, matching circuit 1214 and LED string(s) 1216 
along the lines discussed above with reference to FIG. 12. A 
first filament-imitating impedance 1520a includes a capaci-

of electronic ballasts. 
FIG. 11 illustrates a lighting apparatus 1100 according to 

further embodiments. The apparatus 1100 includes a first 
filament-imitating impedance 1120a that includes a resistor 

30 tor Cl, resistors Rl, R2 and a PTC resistor Ul, and is 
coupled to a first terminal of an input port of the rectifier 
circuit 1212 by a blocking circuit 1530 including a capacitor 
Cl and a resistor RS. A second filament-imitating impedance 

Rl and a capacitor Cl as described above coupled to a first 
ballast connection port 101, and a similar second filament- 35 

imitating impedance 1120b including a resistor R3 and 
capacitor C3 coupled to a second ballast connection port 
102. A blocking capacitor C2 and associated resistor R2 
couples the first filament-imitating impedance 1120a to an 
input port of a rectifier circuit 1112. A resonant matching 40 

circuit 1114 may couple an output port of the rectifier circuit 
1112 to one or more LED(s) 1116. The resonant matching 
circuit 1114 may be configured to provide an impedance 
between the connection ports 101, 102 that enables an 
optimal or near optimal power transfer to the one or more 45 

LED(s) 1116. 
As shown in FIG. 12, the rectifier circuit may comprise a 

diode bridge circuit 1212, the matching circuit may com­
prise a CL resonant circuit 1214 including a capacitor Cf and 
inductor Lf, and the one or more LED(s) may comprise one 50 

or more LED strings 1216. According to further embodi­
ments illustrated in FIG. 13, a lighting apparatus may 
include filament-imitating impedances 1320a, 1320b, 
1320c, 1320d in the form of parallel combinations of capaci­
tors Cl, C2, C3, C4 and resistors Rl, R2, R3, R4 coupled 55 

between respective ones of the terminals 101a, 101b, 102a, 
102b of first and second connection ports 101, 102 and a 
rectifier circuit 1212. This arrangement may eliminate the 
need for a separate blocking impedance. 

It will be appreciated that the arrangements illustrated in 60 

FIGS. 11-13 are provided for purposes of illustration, and 
that any of a variety of other solid-state lighting circuits may 
be used in embodiments of the inventive subject matter. For 
example, some embodiments of the inventive subject matter 
may use filament-imitating impedances in combination with 65 

a variety of different solid-state lighting circuits described in 
a copending U.S. patent application Ser. No. 13/749,082 

1520b includes a capacitor C2, resistors R3, R4 and a PTC 
resistor U2 and is coupled to a second terminal of the input 
port of the rectifier circuit 1212. 

FIG. 16 illustrates another use of a temperature-varying 
filament-imitating impedance in a lighting apparatus 1600 
that includes a rectifier circuit 1212, matching circuit 1214 
and LED string(s) 1216 along the lines discussed above with 
reference to FIG. 13. A first filament-imitating impedance 
1620a includes capacitors Cl, C3, resistors Rl, R2, RS and 
PTC resistor Ul, and a second filament-imitating impedance 
1720b includes capacitors C2, C4, resistors R3, R4, R6 and 
a PTC resistor U2, coupled to respective terminals of an 
input port of the rectifier circuit 1212. 

As noted above, lighting apparatus as described above 
may be used in fluorescent lamp replacement applications. 
FIG. 17 illustrates a fluorescent tube replacement lamp 1700 
according to some embodiments. The lamp 1700 includes a 
tubular housing 1710 including a translucent portion 171 Oa 
and end caps 1720. The lamp 1700 includes first and second 
ballast connection ports 1701, 1702 at respective ends of the 
housing 1710. The first ballast connection port 1710 
includes pins 1701a, 1701b and the second ballast connec­
tion port 1702 includes pins 1702a, 1701b. LEDs 1740 of an 
LED string may be mounted on a substrate 1730 positioned 
within the housing 1710. Coupling circuitry 1750 may be 
supported by the substrate and connect the LEDs 17 40 to the 
port pins 171 Oa, 1701b, 1702a, 1702b. The coupling cir­
cuitry 1750 may include one or more filament-imitating 
impedances, a low-frequency blocking impedance, a recti­
fier circuit and a resonant matching circuit as described 
above. 

It will be appreciated that lamps according to some 
embodiments of the inventive subject matter may take any 
of a variety of other forms than the tube type lamp shown in 
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FIG. 17. For example, some embodiments may be config­
ured to for use in fixtures that utilize circular ( e.g., T9) lamps 
or non-integrated compact fluorescent lamps. 

FIGS. 18A-B illustrate a lighting apparatus 1800 accord­
ing to further embodiments. The apparatus 1800 includes a 5 

rectifier circuit 1812, a matching circuit 1814, first and 
second filament-imitating impedances 1820a, 1820b, and 
first and second blocking impedances 1830a, 1830b. The 
rectifier circuit 1812 is a diode bridge including diodes 
Dl-DS. The diode bridge is configured to provide redun- 10 

dancy by including respective serially-connected diode pairs 
DVDS, D2/D7, D4/D8, D3/D6 in each branch of the diode 
bridge. Thus, if one of the diodes in a given branch fails in 

10 
parallel with respective ones of the capacitors Cl 0, Cll, and 
may be used to discharge the capacitors Cl0, Cll when 
power to the apparatus 1800 is removed, thus enabling a 
crisper turnoff of the LED segments 1816a, 1816b. As 
further shown, a resistor R25 may be coupled in series with 
the LED segments 1816a, 1816b. The value of the resistors 
R25 may be adjusted (e.g., in a manner similar to that 
described above for the resistor R26) to adjust a load 
presented to the driver circuitry. For example, the resistor 
R25 may be varied to allow use of the driver circuitry with 
different LED loads. 

In illustrated embodiments, each of the LED segments 
1816a, 1816b includes three parallel connected strings of 
LEDs, but it will be appreciated that other string arrange-a shorted condition, the bridge may still operate in an 

acceptable manner. 15 ments may be used. Each of the strings of LEDs may include 
LEDs having substantially the same spectral output or a 
combination of LEDs having different spectral outputs that 
may be combined to produce a desired aggregate spectral 

The first filament-imitating impedance 1820a includes 
capacitors C4, CS and resistors R3, R4. The second fila­
ment-imitating impedance 1820b includes capacitors Cl, C2 
and resistors Rl, R2. These circuits are also configured to 
provide component redundancy by using serially-connected 20 

components in each of the circuit branches. For example, if 
the capacitor C4 shorts, the capacitor CS may still provide 
a suitable filament-impedance imitating function to maintain 
acceptable operation of the apparatus 1800. 

The first filament-imitating impedance 1820a is coupled 25 

to a first terminal of an input port of the rectifier circuit 1812 
by the first blocking impedance 1830a, which includes a 
capacitor C7 and a resistor RS. The second filament-imitat­
ing impedance 1820b includes capacitors Cl, C2 and resis­
tors Rl, R2 and is coupled to a second terminal of the input 30 

port of the rectifier circuit 1812 by the second blocking 
impedance 1830b, which includes a capacitor C13 and a 
resistor R6. The first and second blocking impedances 
1830a, 1830b also provide redundancy, e.g., if one of the 
capacitors C7, C13 fails, low-frequency blocking may still 35 

be provided by the other capacitor. 
Along lines discussed above with reference to FIG. 8, the 

first and second blocking impedances 1830a, 1830b may be 
configured to block a lower frequency component that may 
be provided by the ballast, such as a DC offset produced by 40 

the ballast. In some embodiments, the apparatus 1800 may 
be configured for operation only with high-frequency elec­
tronic ballasts, with the blocking impedances 1830a, 1830b 
configured to block a nominal 60 Hz (or other fundamental) 
component so that, if the apparatus 1800 is incorrectly 45 

connected to a magnetic ballast, transfer of power to the 
rectifier 1812 may be reduced or prevented, thus preventing 
damage and/or improper operation. 

The matching circuit 1814 includes capacitors C2, C6, 
CS, C2 and inductor Ll, and is configured to be coupled to 50 

at least one LED, here an LED string including first and 
second serially-connected segments 1816a, 1816b. The 
capacitors C2, C6, CS, C2 are configured to provide serial 
redundancy, so the matching circuit 1814 may continue to 
operate in an acceptable manner if one the capacitors C2, 55 

C6, CS, C2 shorts out. As further shown, a resistor R26 may 
be coupled in series with the inductor Ll. The value of the 
resistor R26 may be varied ( e.g., by using a variable resistor 
and/or a component slot in which selected resistor or con­
ductive jumper may be installed during manufacture and/or 60 

field installation) to adjust performance of the matching 
circuit, i.e., the resistor R26 may be selected to tailor the 
driver circuitry to various different ballasts. 

Capacitors ClO, Cll may be connected across the output 
of the matching circuit 1814, and may provide additional 65 

smoothing of the output provided to the LED segments 
1816a, 1816b. Resistors R13, R24 may be coupled in 

output. The apparatus 1800 may be included in a fluorescent 
tube replacement lamp along the lines illustrated in FIG. 17. 

In the drawings and specification, there have been dis­
closed typical embodiments of the inventive subject matter 
and, although specific terms are employed, they are used in 
a generic and descriptive sense only and not for purposes of 
limitation, the scope of the inventive subject matter being set 
forth in the following claims. 

What is claimed is: 
1. A lighting apparatus comprising: 
a housing having at least one translucent portion; 
a solid-state lighting circuit within the housing and com­

prising at least one light emitting diode (LED); 
first and second ballast connection ports supported by the 

housing and configured to be coupled to a ballast; 
a first filament-imitating impedance within the housing 

and having a first terminal coupled to the first ballast 
connection port; 

a first low-frequency blocking impedance within the 
housing and coupling a second terminal of the first 
filament-imitating impedance to a first input terminal of 
the solid-state lighting circuit and configured to block 
at least one component having a frequency of about 60 
Hz or less; 

a second filament-imitating impedance within the housing 
and having a first terminal coupled to the second ballast 
connection port; and 

a second low-frequency blocking impedance within the 
housing and coupling a second terminal of the second 
filament-imitating impedance to a second input termi­
nal of the solid-state lighting circuit and configured to 
block at least one component having a frequency of 
about 60 Hz or less. 

2. The apparatus of claim 1, wherein the first and second 
filament-imitating impedances each comprise at least one 
capacitor. 

3. The apparatus of claim 2, wherein the first and second 
filament-imitating impedances are configured to transfer 
power at a nominal frequency of an output produced by the 
ballast and to provide impedances at the first and second 
ballast connection ports that prevent shutdown of the ballast. 

4. The apparatus of claim 2, wherein capacitances pro­
vided at the respective first and second ballast connection 
ports is in a range from about 0.1 µF about 4 µF. 

5. The apparatus of claim 2, wherein each of the first and 
second filament-imitating impedances further comprises at 
least one resistor coupled in parallel with the at least one 
capacitor thereof. 
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6. The apparatus of claim 1, where each of the first and 
second low-frequency blocking impedances are configured 
to block a DC offset. 

7. The apparatus of claim 1, wherein the each of the first 
and second low-frequency blocking impedances is config- 5 

ured to block a nominally 60 Hz frequency component. 
8. The apparatus of claim 1, wherein each of the first and 

second low-frequency blocking impedances comprises at 
least one capacitor. 

~- The apparatus of claim 8, further comprising respective 10 

resistors coupled in parallel with the at least one capacitors 
of the first and second low-frequency blocking impedances. 

10. A fluorescent replacement lamp comprising the appa­
ratus of claim 1, wherein the first and second terminals of the 
first and second ballast connection ports comprise respective 15 

pins configured to be connected to a fluorescent lamp 
connector. 

11. The apparatus of claim 1, wherein the solid-state 
lighting circuit comprises; 

a rectifier circuit having an input port coupled to the first 20 

and_ second low-frequency blocking impedances; and 
wherem the at least one light emitting diode (LED) is 

coupled to an output port of the rectifier circuit. 
12. The apparatus of claim 11, wherein the solid-state 

lighting circuit further comprises a matching circuit. 
. 13: The a~paratus of claim 12, wherein the matching 

cJrcmt compnses: 
at least one capacitor coupled in parallel with the output 

port of the rectifier circuit; and 

25 

at least one inductor coupled between the at least one 30 

capacitor and the at least one LED. 
14. The apparatus of claim 12, wherein the matching 

circuit comprises series-connected redundant components. 

12 
20. The apparatus of claim 19, where the at least one 

low-frequency blocking impedance is configured to block a 
DC offset. 

21. The apparatus of claim 19, wherein the at least one 
low-frequency blocking impedance is configured to block a 
nominally 60 Hz frequency component. 

22. The apparatus of claim 19, wherein the at least one 
low-frequency blocking impedance comprises at least one 
capacitor. 

23. 1:he apparatus of claim 22, further comprising at least 
one resistor coupled in parallel with the at least one capaci­
tor. 

24. The apparatus of claim 19, further comprising a 
filament-imitating impedance coupling the at least one bal­
last connection port to the at least one low-frequency 
blocking circuit. 

25. The apparatus of claim 19, wherein the solid-state 
lighting circuit comprises: 

a rectifier circuit having an input port coupled to the at 
least one low-frequency blocking impedance; and 

wherein the at least one LED is coupled to an output port 
of the rectifier circuit. 

26. The apparatus of claim 25, wherein the solid-state 
lighting circuit further comprises a matching circuit. 

. 27: The a~paratus of claim 26, wherein the matching 
cJrcmt compnses: 

at least one capacitor coupled in parallel with the output 
port of the rectifier circuit; and 

at least one inductor coupled between the at least one 
capacitor and the at least one LED. 

~8. The apparatus of claim 27, further comprising a 
resistor coupled in series with the inductor. 

29. The apparatus of claim 19, wherein the at least one 
ballast connection port comprises a first ballast connection 15. The apparatus of claim 11, wherein the at least one 

LED comprises at least one LED string. 
16. The apparatus of claim 11, further comprising at least 

one smoothing capacitor coupled in parallel with the output 
of the rectifier circuit. 

35 port and a second ballast connection port and wherein the 
low-frequency blocking impedance comprises a first low­
frequency blocking impedance coupling the first ballast 
c?nn~ction port to a first terminal of the solid-state lighting 
cJrcmt and a second low-frequency blocking impedance 17. The apparatus of claim 16, further comprising at least 

one resistor coupled in parallel with the smoothing capaci- 40 

tor. 
18. The apparatus of claim 1, wherein the first and second 

filament-imitating impedances comprise series-connected 
redundant components. 

19. A lighting apparatus comprising: 
a ho~sing having at least one translucent portion; 
a solid-state lighting circuit within the housing and com­

prising at least one LED; 
at least one ballast connection port supported by the 

housing; and 
at least one low-frequency blocking impedance within the 

housing and coupling the at least one ballast connection 
port to the solid-state lighting circuit and configured to 
block at least one component having a frequency of 
about 60 Hz or less. 

coupling the second ballast connection, port to a second 
input terminal of the solid-state lighting circuit. 

30. The apparatus of claim 29, where each of the first and 
second low-frequency blocking impedances are configured 
to block a DC offset. 

45 31. The apparatus of claim 29, wherein the each of the first 
and second low-frequency blocking impedances is config­
ured to block a nominally 60 Hz frequency component. 

32. The apparatus of claim 29, wherein each of the first 
and second low-frequency blocking impedances comprises 

50 at least one capacitor. 
. 33. T~e apparatus of claim 32, further comprising respec­

tive resistors coupled in parallel with the at least one 
capacitors of the first and second low-frequency blocking 
impedances. 

* * * * * 
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