EP 1814 366 Al

(19) Europaisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 1 814 366 Al

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
01.08.2007 Bulletin 2007/31

(21) Application number: 06007984.5

(22) Date of filing: 18.04.2006

(51) IntCl.:
HO5B 33/08 (2006.01)

(84) Designated Contracting States:
ATBEBG CHCY CZDE DK EE ES FI FR GB GR
HUIEISITLILTLULV MCNL PL PT RO SE SI
SK TR
Designated Extension States:
AL BA HR MK YU

(30) Priority: 18.01.2006 CN 200610001527

(71) Applicant: Macroblock Inc.
Hsin-Chu city (TW)

(72) Inventors:
* Liu, Hsing- Fu
Hsin- chu city (TW)
* Lin, Rong- Tsung
Hsin- chu city (TW)

(74) Representative: Jehle, Volker Armin et al
Bosch Graf von Stosch Jehle
Patentanwaltsgesellschaft mbH
Fliggenstrasse 13
80639 Miinchen (DE)

(54) Light-emitting semiconductor device with open-bypass function

(57)  This invention discloses a light-emitting semi-
conductor device with open-bypass function, which com-
prises two terminals providing a current, at least one LED
unit and a bypass switch. Electrodes of the LED unit and
the bypass switch are properly connected to the termi-
nals, so that the bypass switch will provide an alternative
path for current flowing through if the circuit of the LEDs
unit between two terminals is open.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] This invention relates to a light-emitting semi-
conductor device with open-bypass function.

2. Related Prior Arts

[0002] For serial or parallel LEDs, open or short circuit
may cause the LED unable to be lit. The open circuit
results in all LEDs serially connected to this circuit inef-
fective; and the short circuit makes one or more LEDs
being "omitted".

[0003] Therefore, this invention provides a bypass
switch in the LED circuit.

SUMMARY OF THE INVENTION

[0004] The light-emitting semiconductor device with
open-bypass function comprises a first terminal, a sec-
ond terminal, at least one LED unit and a bypass switch.
Each LED unit composed of one or more LED die has a
first electrode and a second electrode respectively con-
nected to the first terminal and the second terminal. The
bypass switch also has a first electrode and a second
electrode respectively connected to the first terminal and
the second terminal of the light-emitting semiconductor
device.

[0005] In a normal condition, a current applied to the
first and the second terminals can be conducted through
the LED unit for lighting it, and the switch is in an "Off"
state without current flowing through. If the circuit of the
LEDs unit between two terminals is open and the current
can not be conducted through, the bypass switch will be
in an "On" state for conducting the current.

[0006] Accordingly, the first and the second terminals
of the light-emitting semiconductor device can be always
electrically conductible.

[0007] This invention also comprises a series or par-
allel circuit comprising several devices and a current
source.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 shows the light-emitting semiconductor de-
vice of this invention

FIGs. 2 and 3 respectively show the LED unit and
the bypass switch.

FIGs. 4and 5 respectively show the ways current
flowing when the switch is in the "On" and "Off"
states.

FIG 6 shows the electrical connection of this inven-
tion
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FIGs. 7 and 8 respectively show the series and the
parallel circuits.

DETAILED DESCRIPTION OF THE PREFFERED EM-
BODIMENTS

[0009] FIG 1 (a) shows a light-emitting semiconductor
device 1 comprising two terminals defined as a first ter-
minal 2 and a second terminal 3, an LED unit 4 and a
switch 7 for bypassing. The LED unit 4 includes several
LED dice 10 as shown in FIG. 2, and has a first electrode
5 and a second electrode 6 respectively connected to
the first terminal 2 and the second terminal 3. In a normal
condition, the circuitinvolving the LED unit4 is electrically
connected well and the LED dice can be lit by applying
a current to the terminals 2 and 3. However, if the circuit
is open, the LED unit 4 can't be lit.

[0010] The switch 7 is made with an integrated circuit
and also has a first electrode 8 and a second electrode
9 respectively connected to the terminals 2 and 3. The
switch 7 includes a voltage detection circuit 11 and a
switch circuit 12, as shown in FIG. 3. The switch 7 is
electrically unconductible in an "Off" state, but conduct-
ible in an "On" state when triggered by a first signal re-
ceived from the electrodes 8 and 9. This first signal is a
voltage equal to or higher than a predetermined value
and generated when the circuit involving the LED unit 4
is open.

[0011] FIG 1(b) shows the LED unit 4 connected to the
switch 7 through a common contact and thus controlled
by the switch 7.

[0012] The voltage detection circuit 1 has an anode, a
cathode and a gate, wherein the anode and the cathode
are respectively connected to the electrodes 8 and 9.
The switch circuit 12 also has an anode, a cathode and
a gate, wherein the anode and the cathode are also re-
spectively connected to the electrodes 8 and 9. The gates
of the circuits 11 and 12 are connected to each other. By
detecting voltage of the circuit, the circuit 11 can generate
a second signal to drive the gate of the switch circuit 12
through the gate of the voltage detection circuit 11. Then
the switch circuit 12 enters into the "On" state.

[0013] In this invention, the switch circuit can be de-
signed as follows:

(1) One PNPN thyristor having a P anode and an N
cathode respectively connected to the anode and
cathode of the switch circuit.

(2) Two bipolar junction transistors

The first bipolar junction transistor has a first emitter,
a first base and a first collector; the second bipolar
junction transistor has a second emitter, a second
base and a second collector. The first emitter and
the second emitter are respectively connected to the
anode and the cathode of the switch circuit. The first
base is connected to the second collector. The first
collector is connected to the second base.

(3) Two MOSFETs
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The first MOSFET has a first source, a first gate and
a first drain; the second MOSFET has a second
source, a second gate and a second drain. The first
source and the second source are respectively con-
nected to the anode and the cathode of the switch
circuit. The first gate is connected to the second
drain. Thefirstdrain is connected to the second gate.
(4) One bipolar junction transistor and one MOSFET

[0014] The bipolar junction transistor has an emitter,
a base and a collector; the MOSFET has a source, a gate
and a drain. The emitter and the source are respectively
connected to the anode (or the cathode) and the cathode
(orthe anode) of the switch circuit. The base is connected
to the drain. The collector is connected to the gate.
[0015] The light-emitting semiconductor device 1 is
conducted as follows:

(1) If electrical connection of the LED unit 4 is ab-
normally open, the current can not be conducted
through the LED unit 4; and the switch 7 will be in
the "On" state and enable the current to flow through,
as shown in FIG 4.

(2) If electrical connection of the LED unit4is normal,
a current can be conducted through the LED unit 4
for lighting it; and the switch 7 is in the "Off" state
without current flowing through, as shown in FIG 5.

[0016] FIG 6 shows the electrical connection of the de-
vice. The electrode 5 of the LED unit 4 and the electrode
8 of the switch 7 are commonly connected to the first
terminal 2 of the device 1. The electrode 6 of the LED
unit 4 and the electrode 9 of the switch 7 are commonly
connected to the second terminal 3 of the device 1.
[0017] The terminals of the light-emitting semiconduc-
tor device can be attached to a substrate by wire bonding
and surface mount technology.

[0018] FIG 7 shows a series circuit. The terminal 3 of
the device 1 is connected to the terminal 2’ of the device
1’; and the terminal 2 of the device 1 and the terminal 3’
of the device 1’ are individually connected to a current
source 13. FIG 8 shows a parallel circuit. The terminal 2
of the device 1 and the terminal 2’ of the device 1’ are
commonly connected to a current source; and the termi-
nal 3 of the device 1 and the terminal 3’ of the device 1’
are commonly connected to the current source. That is,
the devices and the current source can form a series or
parallel circuit always conductible by providing the by-
pass switch.

Claims

1. Alight-emitting semiconductor device with open-by-
pass function, comprising:

a first terminal;
a second terminal;
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at least one LED unit each comprising one or
more LED die, a first electrode and a second
electrode respectively connected to the first and
the second terminals; and

a bypass switch comprising a first electrode and
a second electrode respectively connected to
the first and the second terminals;

wherein

the bypass switch will be in an "Off’ state without
current flowing through if the LED unit can be lit
by applying a current to the first and second ter-
minals; or

the bypass switch will be in an "On" state for
conducting the current if the LED unit is in an
open circuit.

The light-emitting semiconductor device of claim 1,
wherein the first and the second terminals are at-
tached to a substrate by wire bonding and surface
mount technology.

The light-emitting semiconductor device of claim 1,
wherein the LED unit will generate a first signal de-
livered to the first and the second electrodes of the
bypass switch as being in an open circuit; and

the bypass switch will be in the "Off" state if the first
signal is lower than a predetermined voltage; or
the bypass switch will be triggered to enter into the
"On" state if the first signal is equal to or higher than
the predetermined voltage.

The light-emitting semiconductor device of claim 1,
wherein the bypass switchis formed as an integrated
circuit and comprises:

avoltage detection circuit with an anode, a cath-
ode and a gate, wherein the anode and the cath-
ode are respectively connected to the first and
the second electrodes of the bypass switch; and
a switch circuit with an anode, a cathode and a
gate, wherein the anode and the cathode are
respectively connected to the first and the sec-
ond electrodes of the bypass switch, and the
gate is connected to the gate of the voltage de-
tection circuit;

wherein the voltage detection circuit can generate a
second signal according to the detected voltage and
the second signal will drive the gate of the switch
circuit through the gate of the voltage detection cir-
cuit and therefore turn on the switch circuit into the
"On" state.

The light-emitting semiconductor device of claim 4,
wherein the switch circuit comprises a PNPN thyris-
tor with a P anode and an N cathode respectively
connected to the anode and the cathode of the switch
circuit.
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The light-emitting semiconductor device of claim 4,
wherein the switch circuit comprises a first bipolar
junction transistor with a first emitter, a first base and

a first collector and a second bipolar junction tran-
sistor with a second emitter, a second base anda 5
second collector; wherein:

the first emitter and the second emitter are re-
spectively connected to the anode and the cath-

ode of the switch circuit; 10
the first base is connected to the second collec-
tor; and
the first collector is connected to the second
base.

15

The light-emitting semiconductor device of claim 4,
wherein the switch circuit comprises a first MOSFET
with a first source, a first gate and a first drain and a
second MOSFET with a second source, a second
gate and a second drain; wherein: 20

the first source and the second source are re-
spectively connected to the anode and the cath-

ode of the switch circuit;

the first gate is connected to the second drain; 25
and

the first drain is connected to the second gate.

The light-emitting semiconductor device of claim 4,
wherein the switch circuit comprises a bipolar junc- 30
tion transistor with an emitter, a base and a collector

and a MOSFET with a source, a gate and a drain;
wherein:

the emitter or the source is connected to the an- 35
ode or the cathode of the switch circuit;

the base is connected to the drain;

the collector is connected to the gate.

A light-emitting semiconductor apparatus, compris- 40
ing a plurality of the light-emitting semiconductor de-
vices of claim 1 and a current source to construct a
series or parallel circuit.
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