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LED TUBE LAMP

This application 1s a continuation application of U.S.
patent application Ser. No. 15/618,794, filed Jun. 9, 2017,
which 1s a continuation application of U.S. patent applica-
tion Ser. No. 15/258,471, filed Sep. 7, 2016, which 1s a
continuation-in-part application of U.S. patent application
Ser. No. 15/211,813, filed Jul. 15, 2016, which 1s a continu-
ation-in-part application of U.S. patent application Ser. No.

15/150,458, filed May 10, 2016, which 1s a continuation-

m-part application of U.S. patent application Ser. No.
14/865,387, filed Sep. 235, 2015, the contents of which three
previous applications are incorporated herein by reference in
their entirety, and U.S. patent application Ser. No. 15/258,
4’71 from which this application claims priority as a con-
tinuation application 1s a continuation-in-part application of
U.S. patent application Ser. No. 15/211,783, filed Jul. 15,
2016, and 1s a continuation-in-part application of U.S. patent
application Ser. No. 14/699,138, filed Apr. 29, 20135, the
contents of each of which are incorporated herein by refer-
ence 1n their entirety. This application claims priority under

35 U.S.C. 119(e) to Chinese Patent Applications Nos.: CN
201510173861.4, filed on 2015 Apr. 14; CN
2015103647357, filed on 2015 Jun. 26; CN
201510557717.0, filed on 2015 Sep. ©6; CN
2015105951737, filed on 2015 Sep. 18; CN
2015106173704, filed on 2015 Sep. 25; CN
201510651572.0, filed on 2015 Oct. 10; CN
2016101238529, filed on 2016 Mar. 4; CN
201610363805.1, filed on 2016 May 27, CN
2016104207908, filed on 2016 Jun. 14; CN
2015107241357, filed on 2015 Oct. 29; and CN

201610043864.0 filed on 2016 Jan. 22, which priority appli-
cations are incorporated herein by reference in their entirety.

If any terms 1n this application conflict with terms used in
any application(s) to which this application claims priority,
or terms incorporated by reference into this application or
the application(s) to which this application claims priority, a
construction based on the terms as used or defined 1n this
application should be applied.

BACKGROUND

Technical Field

The present disclosure relates to 1llumination devices, and
more particularly relates to an LED tube lamp with
improved compatibility with electrical ballasts.

Related Art

LED (light emitting diode) lighting technology 1s rapidly
developing to replace traditional incandescent and fluores-
cent lightings. LED tube lamps are mercury-free in com-
parison with fluorescent tube lamps that need to be filled
with mert gas and mercury. Thus, 1t 1s not surprising that
LED tube lamps are becoming a highly desired 1llumination
option among different available lighting systems used 1n
homes and workplaces, which used to be dominated by
traditional lighting options such as compact fluorescent light
bulbs (CFLs) and fluorescent tube lamps. Benefits of LED
tube lamps 1nclude improved durability and longevity and
far less energy consumption; therefore, when taking into
account all factors, they would typically be considered as a
cost effective lighting option.

Typical LED tube lamps have a lamp tube, a circuit board
disposed 1inside the lamp tube with light sources being
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2

mounted on the circuit board, and end caps accompanying a
power supply provided at two ends of the lamp tube with the
clectricity from the power supply transmitted to the light
sources through the circuit board. However, existing LED
tube lamps have certain drawbacks.

For example, using an LED tube lamp with an electronic
ballast impacts the resonant circuit design of the electronic
ballast, which may cause a compatibility problem. Further,
electronic ballast 1s 1n effect a current source, and when 1t
acts as a power supply of a DC-to-DC converter circuit in an
LED tube lamp, problems of overvoltage and overcurrent or
undervoltage and undercurrent are likely to occur, resulting
in damaging of electronic components 1n the LED tube lamp
or unstable provision of lighting by the LED tube lamp.

Further, the driving of an LED uses a DC drniving signal,
but the driving signal for a fluorescent lamp 1s a low-
frequency, low-voltage AC signal as provided by an AC
powerline or an inductive ballast, a high-frequency, high-
voltage AC signal provided by an electronic ballast, or even
a DC signal provided by a battery for emergency lighting
applications. Since the voltages and frequency spectrums of
these types of signals differ significantly, simply performing
a rectification to produce the required DC driving signal 1n
an LED tube lamp 1s typically not competent at achieving
the LED tube lamp’s compatibility with traditional driving

systems of a fluorescent lamp.

Currently, LED tube lamps used to replace traditional
fluorescent lighting devices can be primarily categorized
into two types. One 1s for ballast-compatible LED tube
lamps, e.g., T-LED lamp, which directly replace fluorescent
tube lamps without rewiring the lighting fixture; and the
other one 1s for ballast-bypass LED tube lamps, which omit
traditional ballast on their circuit and directly connect the
commercial electricity to the LED tube lamp. The latter LED
tube lamp 1s suitable for the new surroundings 1n fixtures
with new driving circuits and LED tube lamps. The ballast-
compatible type LED tube lamp 1s also known as “Type-A”
LED tube lamp, and the ballast-bypass type LED tube lamp
provided with a lamp driving circuit 1s also known as a
“Type-B” LED tube lamp. Compared to the ballast-compat-
ible type LED tube lamp, the ballast-bypass type LED tube
lamp has better luminous eflicacy and longer life time since
the power consumption and the malfunction concerns of the
ballast can be excluded.

For the ballast-bypass type LED tube lamp, the power
supply configuration can be categorized into two types. One
1s single-end power supply configuration, which receives the
external AC signal merely through one side of the LED tube
lamp; and the other one 1s dual-end power supply configu-
ration, which receives the external AC signal through both
sides of the LED tube lamp. In order to fulfill the light
emitting requirements of traditional fluorescent lamps, the
circuits of the ftraditional fluorescent lamp fixtures are
designed and disposed for providing the AC signal through
both ends of the lamp. For the purpose of replacing tradi-
tional fluorescent lamps, an LED tube lamp having the
dual-end power supply configuration can be popularized
much easier since the installation 1s stmpler than the single-
end power supply configuration.

However, there still are some drawbacks 1n the dual-end
power supply configuration. For example, when an LED
tube lamp has an architecture with dual-end power supply
and one end cap thereof 1s inserted into a lamp socket but the
other 1s not, an electric shock situation could take place for
the user touching the metal or conductive part of the end cap
which has not been inserted into the lamp socket.
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In the published application US 2013/0335939, filed on
Jun. 15, 2012, a solution of disposing a mechanical structure
on the end cap for preventing electric shock 1s proposed. In
this electric shock protection design, the connection between
the external power and the internal circuit of the tube lamp
can be cut ofl or established by the mechanical component’s
interaction/shifting when a user installs the tube lamp, so as
to achieve the electric shock protection. However, due to the
physical characteristics of the mechanical components, the
mechanical fatigue may inevitably cause the reliability and
durability of the electric shock protection to be limited.

On the other hand, although the ballast-bypass type and
the ballast-compatible type LED tube lamps can be config-
ured in the dual-end power supply configuration, there still
are many different considerations in the power supply circuit
design. For example, due to the frequency of the voltage
provided from the ballast being much higher than the
voltage directly provided from the commercial electricity/
AC mains, the skin effect occurs when the leakage current
1s generated 1n the ballast-compatible type LED tube lamp,
and thus the human body would not be harmed by the
leakage current. Therefore, since the ballast-bypass type
LED tube lamp has higher risk of electric shock/hazard,
compared to the ballast-compatible type, it 1s preferred that
the ballast-bypass type LED tube lamp have extremely low
leakage current for meeting strict safety requirements.

In the PCT patent application WO2015/066566, filed on
Oct. 31, 2014, a solution of utilizing an electronic switch 1n
the power supply circuit for preventing electric shock 1s
proposed. In this electric shock protection design, a transis-
tor/switch 1s disposed 1n series with the input rectification
stage of the fluorescent lamp replacement and the LED load,
and a current flowing through the sense resistor will be
detected for determining whether the fluorescent lamp
replacement 1s correctly connected to the ballast. WO2015/
066566 addresses the electric shock protection 1n the ballast-
compatible type LED tube lamp, however, 1t does not
address the electric shock problem in the ballast-bypass type
LED tube lamp.

In detail, compared to the power supply (typically an AC
powerline or commercial electricity) for a ballast-bypass
type LED tube lamp, the signal provided by a ballast
(especially electronic ballast) has relatively high frequency
or voltage. Further, for purposes such as one of driving a
filament of a fluorescent lamp, a ballast may have to output
a relatively high starting voltage for exciting electrons from
the filament. So the starting voltage from a ballast can be as
high as 1200 volts. On the other hand, the ballast-bypass
type LED tube lamp 1s typically powered by commercial
electricity with frequency as low as e.g. 50 Hz or 60 Hz and
voltage as low as or below about 300 volts. Based on the
above characteristics difference between power supplies for
the direct replacement type LED tube lamp and the ballast-
bypass type LED tube lamp, the benchmark and behavior for
detecting the installation state i1s significantly different
between the two types of LED tube lamp. For example, since
the waveform of the current flowing through the sense
resistor may be significantly different between the two types
of LED tube lamp, utilizing the same determination criteria
to determine whether the LED tube lamp 1s correctly
installed 1s ineffective and will likely result 1n incorrect or
inaccurate detection results. Thus, 1f the shock hazard detec-
tion of WO2015/066566 1s applied to the ballast-bypass type
LED tube lamp, a wrong detection result 1s relatively likely
to occur, for example, because of the oflset of the input
voltage/current that may occur for lower frequency power
signals.
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Further, according to the circuit structure of WO2015/
066566, a bias circuit 1s configured for starting the shock

hazard detection, 1n which the mput terminals of the bias
circuit are connected to the ballast output at one side of the
fixture. Therefore, the bias circuit can form a loop with the
ballast and be powered up when one end of the LED tube
lamp 1s 1nstalled on the corresponding socket of the fixture.
However, since there 1s only one output 1n each side of the
fixture for providing the dual-end power so that the loop of
the bias circuit cannot be formed, the shock hazard detection
circuit of WO2015/066566 cannot be implemented 1n most
of the ballast-bypass type LED tube lamps.

Accordingly, the present disclosure and its embodiments
are herein provided.

SUMMARY

It’s specially noted that the present disclosure may actu-
ally include one or more inventions claimed currently or not
yet claimed, and for avoiding confusion due to unnecessarily
distinguishing between those possible inventions at the stage
of preparing the specification, the possible plurality of
inventions herein may be collectively referred to as “the
(present) invention” herein.

Various embodiments are summarized in this section, and
are described with respect to the “present mnvention,” which
terminology 1s used to describe certain presently disclosed
embodiments, whether claimed or not, and 1s not necessarily
an exhaustive description of all possible embodiments, but
rather 1s merely a summary of certain embodiments. Certain
of the embodiments described below as various aspects of
the “present mnvention” can be combined in different man-
ners to form an LED tube lamp or a portion thereof. As such,
the term “present invention” used 1n this specification 1s not
intended to limait the claims 1n any way or to indicate that any
particular embodiment or component 1s required to be
included 1n a particular claim, and 1s intended to be syn-
onymous with the “present disclosure.”

According to an aspect of the disclosed invention, a light
emitting diode (LED) tube lamp configured to receive an
external driving signal 1s disclosed. The LED tube lamp may
include: an LED module configured to emit light, the LED
module comprising an LED unit comprising an LED; a
control circuit configured to selectively determine whether
to perform a first mode or a second mode of lighting
operation according to a state of a property of a received
rectified signal produced by a rectifying circuit; and a
switching circuit coupled to the control circuit and the LED
unit; wherein the control circuit 1s configured such that when
the LED tube lamp performs the first mode of lighting
operation, the control circuit allows continual current to tlow
through the LED unit by maintaining an on state of the
switching circuit, until the external driving signal 1s discon-
nected from the LED tube lamp; and when the LED tube
lamp performs the second mode of lighting operation, the
control circuit regulates the continuity of current to flow
through the LED unit by alternately turning on and oif the
switching circuit.

According to another aspect of the claimed disclosure, an
LED tube lamp may include: a lamp tube; a first external
connection terminal and a second external connection ter-
minal coupled to the lamp tube and configured to receive an
external driving signal; a detecting circuit configured to
detect a state of a property of the external driving signal; a
control circuit configured to selectively determine whether
to perform a first mode or a second mode of lighting
according to the state of the property of the external driving



