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) This straight tube LED illumination lamp includes the fol-
(21)  Appl. No.: 14/005,554 lowing: an LED element; a first plug having an input-output
_ terminal and an empty terminal; a second plug having an
(22) PCT Filed: Mar. 19, 2012 input-output terminal and an empty terminal; a first rectifier
) that is connected to the input-output terminal of the first plug
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the empty terminal of the first plug in order to convert alter-
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STRAIGHT TUBE LED ILLUMINATION
LAMP

TECHNICAL FIELD

[0001] The present invention relates to a straight tube LED
(light-emitting diode) illumination lamp including a rectifier
converting an alternating current to a direct current. In par-
ticular, the present invention relates to a straight tube LED
illumination lamp that can be installed in an existing fluores-
cent light equipment.

BACKGROUND TECHNIQUE

[0002] An LED element has been widely used in a signal-
ing light, an electric bulletin board, a backlight of a display
device and a car light as a light source for display or illumi-
nation. In addition, an LED light bulb which is replaceable of
a traditional filament bulb has been put on the market. The
LED light bulb has some advantages. Of the same light
amount, the power consumption of an LED light bulb is lower
than that of the filament bulb. Also, the LED light bulb can
obtain the maximum amount of light at the time of turning it
on.

[0003] For a fluorescent light, an ultraviolet light is con-
verted into a visible light by a fluorescent material applied on
an inside wall of a glass tube. After two filament electrodes of
the fluorescent light are preheated before the discharge, an
instantaneous high voltage is applied between both elec-
trodes. As a result, thermal electrons are emitted from a cath-
ode filament to an anode filament by the discharge phenom-
enon, and ultraviolet light is generated by the collisions of the
thermal electrons and mercury particles.

[0004] A certain type of a fluorescent lighting fixture
includes a starter that preheats the filament electrodes to
generate an instantaneous high voltage. The fluorescent light-
ing fixture further includes a ballast that maintains the current
to a constant value after the discharge occurs. Three lighting
methods, which are called a glow tube starter type, a rapid
start type and an inverter type, are known. Various ballasts are
used even though the fluorescent lighting fixtures are lit with
the same lighting method.

[0005] The LED illumination lamp includes a rectifier that
converts a commercial alternating current into a direct current
in order to supply a direct current to multiple LED elements.
In addition, the LED illumination lamp requires a constant
current circuit to supply a constant current to the LED ele-
ments for stabilizing brightness. A capacitive constant current
circuit is well known for smoothing a direct current voltage
outputted from the rectifier by a smoothing capacitive. The
capacitive constant current circuit can derive a voltage wave-
form that is close to an ideal direct current voltage while a
structure is relatively simple.

[0006] The smoothing capacitor of the capacitive constant
current circuit consists of electrolytic capacitor since a large
current capacity is demanded. An electrolytic capacitor with
low durability shortens the lifetime of an LED illumination
lamp. Also, a countermeasure for any damage of the electro-
Iytic capacitor is required.

[0007] A semiconductor constant current circuit using a
diode is safer than the capacitive constant current circuit.
However, the semiconductor constant current circuit cannot
remove a ripple of the current to a degree of stably lighting the
LED elements. In recent years, most of constant current cir-
cuits of LED illumination lamps become chopper type con-
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stant current circuits. A chopper type constant current circuit
can prevent the ripple of the current by repeatedly switching
onand off a switching element at a high frequency. As a result,
a flickering that can be sensed by human beings can be pre-
vented.

[0008] Rewiring work is required when the LED light,
replaced with the fluorescent light, is installed in a fluorescent
light equipment. This rewiring work includes works for dis-
connecting an existing ballast from an alternating-current
power supply and removing a glow starter. When a straight
tube LED illumination lamp equipped with a certain type of
direct current power supply is installed in the fluorescent light
equipment, it may not be easy to reinstall a fluorescent light
therein. [t may also not be easy to install therein a straight tube
LED illumination lamp equipped with another type of direct
current power supply.

[0009] The patent document 1 discloses a straight tube
LED illumination lamp which can be installed in a fluorescent
light equipment. According to the invention of the patent
document 1, a rewiring work is not required, and anyone with
no technical knowledge can install the straight tube LED
illumination lamp to the existing fluorescent light equipment.
Since a structure of the straight tube LED illumination lamp
is simple, a manufacturing cost can remain low.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent-Laid Open No.
2004-192833

SUMMARY OF THE INVENTION

Issue to be Solved by the Invention

[0010] When the switching on and off of a switching ele-
ment in a chopper type constant current circuit is frequently
repeated, the amount of light of a straight tube LED illumi-
nation lamp becomes unstable. Also, when the straight tube
LED illumination lamp is installed in an existing fluorescent
light equipment, at the time of startup, a high voltage is
applied from a ballast, and an inrush current is applied to an
LED illumination lamp, which likely causes damages to the
LED illumination lamp.

[0011] An object to the present invention is to provide a
straight tube LED illumination lamp that is not easy to break
down. In addition, the other object to the present invention is
to provide a straight tube LED illumination lamp wire, in
which the amount of the light is stable and flickering is pre-
vented. Several advantages that can be achieved by the
straight tube LED illumination lamp wire of the present
invention are described in below.

Means for Solving the Issues

[0012] A straight tube LED illumination lamp of the
present invention includes LED elements (3), a first plug (2)
having an input-output terminal (TM) and an empty terminal
(TS), asecond plug (4) having an input-output terminal (TM)
and an empty terminal (TS), a first rectifier (5) that is con-
nected to the input-output terminal of the first plug and the
empty terminal of the second plug in order to convert alter-
nating current to direct current, a second rectifier (7) that is
connected to the input-output terminal of the second plug and
the empty terminal of the first plug in order to convert alter-
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nating current to direct current, and a bypass circuit (6) that
sends current back from either the first or second rectifier to
the other rectifier. The bypass circuit (6) has a current-limit-
ing resistor (RA) to prevent the first and second rectifiers from
being damaged.

[0013] It is preferred that the bypass circuit (6) further
includes a switch (SW) to block the bypass circuit. The ref-
erence numbers were added for easier understanding of the
invention. There is no intention to limit the present invention
to the LED light shown in the drawings.

[0014] The straight tube LED illumination lamp of the
present invention includes LED elements (3), rectifiers (5, 7)
converting alternating current to direct current, a switching
element (TR) is located in series between the rectifier and the
LED elements, a detector (RS) detecting an actual direct
current provided to the LED elements, and a high frequency
pulse generator (10) repeatedly switching on and off of the
switching element in a high frequency for maintaining the
actual direct current to a set value. The high frequency pulse
generator (10) switches the switching element to an “OFF”
state and maintains the switching element in the “OFF” state
for a fixed “OFF” time when the actual direct current exceeds
the set value.

[0015] It is preferred that the fixed “OFF” time is long
enough to maintain the switching element to the “OFF” state,
and short enough not to generate a flicker, even though the
actual direct current becomes lower than the set value.

Effect of the Invention

[0016] The inrush current, generated immediately after
lighting, flows into the bypass circuit. As a result, a current
which exceeds an acceptable value is not supplied to the
constant current circuit and the LED elements. In addition,
the amount of light of the LED elements immediately after
lighting becomes constant.

[0017] The switching element is switched to the “OFF”
state when an vibrating direct current exceeds the set value,
and the switching element is kept off for a sufficiently long
and fixed period of time. As a result, the switching on-and-off
of the switching element is not repeated frequently, and the
amount of light becomes constant. In addition, the switching
element hardly fails.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.1isacircuit diagram illustrating an example of
a straight tube LED illumination lamp of the present inven-
tion.

[0019] FIG. 2 is a circuit diagram illustrating the straight
tube LED illumination lamp installed in the glow tube starter
type fluorescent lighting fixture instead of the fluorescent
tube.

[0020] FIG. 3 is a circuit diagram illustrating the straight
tube LED illumination lamp installed in the rapid start type
two-lamp fluorescent lighting fixture.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] Referring to figures, a straight tube LED illumina-
tion lamp of the present invention is described. Elements that
are not directly related to the present invention are omitted
from the figures. The same elements are assigned by the same
reference numbers. As shown in FIG. 1, the straight tube LED
illumination lamp 1 includes a plurality of LED elements 3, a
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pair of plugs 2, 4, rectifiers 5, 7, a bypass circuit 6 and a
chopper type constant current circuit 10. The plugs 2, 4 are
respectfully located at both ends of a straight tube. The plu-
rality of LED elements 3, the rectifiers 5, 7, the chopper type
constant current circuit 10 and the bypass circuit 6 is stored
inside the straight tube.

[0022] The plurality of LED elements 3 is connected to the
rectifiers 5, 7 in series. The plurality of LED elements 3 is
mutually connected in series. The amount of light emitted by
the plurality of LED elements 3 is in accordance to an amount
of'the direct current provided by the rectifiers 5, 7. Therefore,
when the rectifiers 5, 7 constantly provide the same amount of
direct current, a load and the amount of light on each LED
element 3 are determined by a number of the LED elements 3.
A serial string of LED elements 3 is shown in FIG. 1, but
plural serial strings of LED elements 3 can be applied.
[0023] The straight tube LED illumination lamp 1 has a
total length and a maximum outer diameter the same as those
of the to-be-replaced fluorescent light. Each plugs 2, 4 has
two terminal pins that have the same standard as a base of the
fluorescent light. For example, the plugs 2, 4 are the same as
the base (G13, which is defined by Japan Industrial Standard
(JIS), for the fluorescent light. As shown in FIG. 2 or FIG. 3,
the straight tube LED illumination lamp 1 can be installed in
an existing fluorescent light equipment equipped with a bal-
last 30.

[0024] The plugs 2, 4 respectively have an input-output
terminal TM and an empty terminal TS. The input-output
terminal TM is located in order to pass an alternating current
through the ballast 30. The empty terminal refers to a terminal
that is not connected to a circuit providing an electric power
to the LED elements 3. The empty terminal TS shown in FI1G.
2 is connected to a preheating circuit 20.

[0025] The rectifiers 5, 7 are diode bridge circuits and are
silicon rectifies performing a single phase full-wave rectifi-
cation. The rectifiers 5, 7 are direct current power supplies
converting the alternating current to the direct current. The
first rectifier 5 is connected to the input-output terminal TM of
the first plug 2 and the empty terminal TS of the second plug
4. The second rectifier 7 is connected to the input-output
terminal TM of the second plug 4 and the empty terminal TS
of' the first plug 2.

[0026] As shown in FIG. 2, the straight tube LED illumi-
nation lamp 1 can be installed in a glow tube starter type
fluorescent lighting fixture. The alternating current is pro-
vided to the straight tube LED illumination lamp 1 through
the ballast 30. It is desirable to remove a glow lamp GL and
block a preheated circuit 20.

[0027] The chopper type constant current circuit 10 is pro-
vided in order to provide a constant current to the plurality of
LED elements 3. The chopper type constant current circuit 10
is located between the rectifiers 5, 7 and the LED elements 3.
The chopper type constant current circuit 10 is located closer
to the LED elements 3 than the bypass circuit 6. Since the
chopper type constant current circuit 10 is excellent in dura-
bility compared to a capacitive constant current circuit, the
service life of the straight tube LED illumination lamp 1 is
extended.

[0028] The chopper type constant current circuit 10 has a
switching element TR which is arranged in series between the
rectifiers 5, 7 and the LED elements 3. The chopper type
constant current circuit 10 detects an actual direct current
provided to the LED elements 3. The chopper type constant
current circuit 10 maintains the turning-on of the switching
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element TR so that the actual direct current does not exceed a
set value, and when the actual direct current exceeds the set
value, the switching element TR is switched to the “OFF”
state and maintained off for a fixed “OFF” time.

[0029] The period that the switching element TR is main-
tained turning on is called “ON time”, and the period that the
switching element TR is maintained turning off is called
“OFF time”. The “ON time” depends on the actual direct
current, and the “OFF time” is set to a fixed value. The
chopper type constant current circuit 10 alternately repeats
the “ON time” and the “OFF time”.

[0030] When a vibrating direct current is provided to the
chopper type constant current circuit 10 and the actual direct
current exceeds the set value, the chopper type constant cur-
rent circuit 10 switches the switching element TR to the
“OFF” state and maintains the switching element TR to be
turned off for the fixed “OFF”’ time. As a result, a repeat of the
switching on and off of the switching element TR is not
frequent. Therefore, the light amount of the LED illumination
lump 1 becomes constant.

[0031] It is especially beneficial to install the straight tube
LED illumination lamp 1 of the present invention to a rapid-
start type two-lamp fluorescent lighting fixture. FIG. 3 shows
two straight tube LED illumination lamps 1, which are iden-
tical, are installed in the rapid start type two-lamp fluorescent
lamp fixture. The two straight tube LED illumination lamps 1
are connected in series. After the alternating current is pro-
vided to one of the two straight tube LED illumination lamps
1 through the ballast 30 at first, the alternating current is
further provided to the other one of the two straight tube LED
illumination lamps 1.

[0032] Therefore, a time “lag” is generated due to the
switching on and off of each switching elements TR in the two
straight tube LED illumination lamps 1. When the frequency
of the repeatedly switching on and off of the switching ele-
ment TR is high, the two straight tube LED illumination
lamps 1 compete for the alternating current. As a result, the
light amount between the two straight tube LED illumination
lamps 1 becomes different.

[0033] In order to slow down the speed of response of the
switching element TR to the actual direct current, the chopper
type constant current circuit 10 maintains the switching ele-
ment TR being turned off for the fixed “OFF” time. In other
words, the “sensitivity” of switching the switching element
TR to be turned on in response to the actual direct current
becomes low. As a result, when the alternating current is
provided to the two straight tube LED illumination lamps 1 in
order, the LED illumination lamps 1 do not compete. The
amounts of the direct current provided to the LED elements 3
between the two straight tube LED illumination lamps 1 are
not different, and the two straight tube LED illumination
lamps are lit in the same amount of light.

[0034] Alower limit (a shortest) of the “OFF” time is a time
period that a response for switching the switching element TR
to the “ON” state is delayed, and the delaying is to an extent
that the light amount of the LED elements 3 becomes stable.
In particular, the time period that the response for switching
the switching element TR to the ON state is delayed, and the
delaying is to an extent that the two same straight tube LED
illumination tubes connected in series do not compete for the
alternating current. The certain OFF time is long enough to
maintain the switching element TR turning off even though
the actual direct current becomes lower than the set value.
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[0035] An upper limit (a longest) of the “OFF” time is a
time period that a pulsation of the direct current is suppressed,
and the suppression is to an extent that human beings cannot
sense the flickers. In other words, the fixed “OFF” time is
short enough that the pulsation of the actual direct current
does not generate the flickers. For example, for the chopper
type constant current circuit 10 in the embodiment, a fre-
quency of repeatedly switching on and off the switching
element TR is setto 200 kHz. Alternatively, the “OFF” time is
set to about several microseconds.

[0036] The chopper type constant current circuit 10, spe-
cifically, includes a series circuit 8 and a high frequency pulse
generator 9, where the series circuit 8 has a high-speed
switching element TR and a detection resister RS. The series
circuit 8 is arranged in series between the rectifiers 5, 7 and
the LED elements 3. In particular, the series circuit 8 is
arranged closer to the side of the plurality of LED elements 3
than the bypass circuit 6. A plurality of series circuits 8 can be
arranged in parallel to each other.

[0037] The high frequency pulse generator 9 generates a
high frequency pulse which is higher than 100kHz. The high
frequency pulse generator 9 provides a gate signal to the
switching element TR. The gate signal comprises an “ON”
signal in which the switching element TR being turned on is
maintained, and an “OFF” signal in which the switching
element TR being turned off is maintained. While the actual
direct current does not exceed the set value, the high fre-
quency pulse generator 9 provides the “ON” signal to the
switching element TR. The set value of the current, a fre-
quency of the switching on and off of the switching element
TR and the “OFF” time are set in advance in the high fre-
quency pulse generator 9. The set value of the current deter-
mines the required amount of light.

[0038] The bypass circuit 6 is connected to the rectifiers 5,
7 in series and connected to the LED elements 3 in parallel.
The bypass circuit 6 is arranged closer to the side of the
rectifiers 5, 7 than the series circuit 8. Therefore, through the
bypass circuit 6, a vibrating inrush current that is provided at
a start-up from one of the rectifiers 5, 7 (a positive electrode)
is flown back to the other one of the rectifiers 5, 7 (a negative
electrode).

[0039] The direct current exceeding an acceptable value,
which is provided from one of the rectifiers 5, 7, flows back to
the other one of the rectifiers 5, 7 immediately after lighting.
As a result, the inrush current at the start-up is not provided to
the LED elements 3 and the chopper type constant current
circuit 10, and the operation of the switching element TR
becomes stable. The bypass circuit 6 has a contact switch SW.
When the straight tube LED illumination lamp 1 is connected
to a commercial alternating power without through the bal-
last, the bypass circuit 6 is not required. In this case, the
bypass circuit 6 may be blocked by the switch SW.

[0040] The direct current is provided to the LED elements
3 and the chopper type constant circuit 10 in a state that the
direct current stably passes through the rectifiers 5, 7 and an
inductance element LA. As a result, the operation of the
switching element TR becomes stable, and the light amount
becomes stable immediately after lighting. In particular,
when the straight tube LED illumination lamp 1 is installed in
the rapid start type two-lamp fluorescent lamp fixture, the
light amount of two straight tube LED illumination lamps 1
becomes equal immediately after lighting.

[0041] The bypass circuit 6 has a current limit resistor RA.
The current limit resistor RA limits the current which flows

Page 7 of 9



US 2014/0009076 Al

back to the rectifiers 5, 7 in order to keep the rectifiers 5, 7
from being damaged. When an output voltage of the rectifiers
5,7 are from 50V to 150V and a set value of the chopper type
constant current circuit 10 is several hundred mA, a resistance
value of the current limit resistor RA is, for example, about 1
M. Since the current limit resistor RA stops the high voltage
and the inrush current at the start-up, the rectifiers 5, 7 are
prevented from being damaged.

[0042] Referring to FIG. 1 and FIG. 3, the operation of two
straight tube LED illumination lamps 1 installed in a rapid
start type two-lamp fluorescent lamp fixture is described.
When a power switch of the rapid start type two-lamp fluo-
rescent lamp fixture is switched to ON, a commercial alter-
nating current is supplied to the ballast 30. After an alternat-
ing voltage supplied from the ballast 30 is applied to one of
the straight tube LED illumination lamps 1, the alternating
voltage is applied to the other straight tube LED illumination
lamp 1.

[0043] Inone straight tube LED illumination lamp 1, one of
the rectifiers 5 and 7 starts to supply the direct current. Then,
in other straight tube LED illumination lamp 1, one of the
rectifiers 5 and 7 starts to supply the direct current. Each of the
two straight tube LED illumination lamps 1 has the bypass
circuit 6. Until the direct current reaches the set value and
becomes stable, the inrush current flows back to the rectifiers
5,7. As a result, in both of the two straight tube LED illumi-
nation lamps 1, the direct current supplied to the LED ele-
ments 3 reaches the set value and becomes stable. The LED
elements 3 of each of the straight tube LED illumination
lamps 1 can obtain an electric power for emitting light of the
required amount of light.

[0044] The detection resister RS supplies a voltage (“a
detected voltage™), which indicates an actual direct current
supplied to the LED elements 3, to the high frequency pulse
generator 9. The high frequency pulse generator 9 compares
the detected voltage with a reference voltage. The reference
voltage indicates the set value of the current. The high fre-
quency pulse generator 9 controls the switching element TR
for maintaining the actual direct current to the set value. As a
result, a constant current is supplied to the LED elements 3,
and the light amount becomes stable.

[0045] Ifthe actual direct current exceeds the set value, the
high frequency pulse generator 9 switches the switching ele-
ment TR to OFF. Then, when the fixed “OFF” time has
elapsed, the high frequency pulse generator 9 switches the
switching element TR to the “ON” state again.

[0046] The straight tube LED illumination lamp 1 can be
installed in the glow tube starter type fluorescent lamp fixture,
the rapid start type one lighting fluorescent lighting fixture,
and a rapid start type two-lamp fluorescent lamp fixture with-
out a wire exchanging construction. A work burden of install-
ing straight tube LED illumination lamps is decreased. The
straight tube LED illumination lamp 1 includes the chopper
type constant current circuit 10 of which the reliability is
high.

[0047] The straight tube LED illumination lamp 1 has the
switch SW to activate or deactivate the bypass circuit 6. The
straight tube LED illumination lamp 1 can be connected to the
commercial alternating power by the switch SW without
through a ballast.

[0048] The straight tube LED illumination lamp of the
present invention is not intended to be exactly the same as the
configurations shown in figures. The straight tube LED illu-
mination lamps shown in the figures are changeable within
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the scope ofthe idea of the present invention. For example, the
inductance element LA located between the rectifiers 5, 7 and
the LED elements 3 can be located at other places.

DESCRIPTION OF THE NUMERALS

[0049] 1 Straight tube LED illumination lamp
[0050] 2,4 Plug

[0051] 3 LED element

[0052] 5, 7 Rectifier

[0053] 6 Bypass circuit

[0054] 8 Series circuit

[0055] 9 High frequency pulse generator
[0056] 10 Chopper type constant current circuit
[0057] 20 Preheating circuit

[0058] 30 Ballast

[0059] RA Current-limit resistor

[0060] RS Detection resistor

[0061] TR Switching element

[0062] LA Inductance element

[0063] SW Switch

1. A straight tube LED illumination lamp, comprising:

LED elements;

a first plug having a first input-output terminal and a first
empty terminal;

a second plug having a second input-output terminal and a
second empty terminal;

a first rectifier, connected to the first input-output terminal
of the first plug and the second empty terminal of the
second plug to convert a first alternating current to a first
direct current;

a second rectifier, connected to the second input-output
terminal of the second plug and the first empty terminal
of the first plug to convert a second alternating current to
a second direct current; and

a bypass circuit, through which a current back is flown
from one of the first rectifier and the second rectifier to
the other one of the first rectifier and the second rectifier,
wherein the bypass circuit has a current-limit resistor to
prevent the first and second rectifiers from being dam-
aged.

2. The straight tube LED illumination lamp according to

claim 1, wherein the bypass circuit further comprises a switch
in order to block the bypass circuit.

3. A straight tube LED illumination lamp, comprising:

a rectifier converting an alternating current to a direct cur-
rent;

a switching element, arranged in series between the recti-
fier and the LED elements;

a detector detecting an actual direct current provided to the
LED elements; and

a high frequency pulse generating device repeatedly
switching on and off the switching element at a high
frequency for maintaining the actual direct current to a
set value,

wherein when the actual direct current exceeds the set
value, the high frequency pulse generating device
switches the switching element to an “OFF” state and
maintains the switching element to off for a fixed “OFF”
time.
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4. The straight tube LED illumination lamp according to
claim 3, wherein the fixed OFF time is long enough to main-
tain the switching element to the “OFF” state, and short
enough not to generate a flicker even though the actual direct
current becomes lower than the set value.

#* #* #* #* #*
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