wo 2012/038233 A1 I 10KV 000 O 00O 0O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. TN
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN I A 00 A0 0RO 00 0 A
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
29 March 2012 (29.03.2012) PCT WO 2012/038233 Al

(51) International Patent Classification: ond Light Industrial Estate, Qiao Hing Road, Dong Huan

HOSB 41/04 (2006.01) HOSB 41/295 (2006.01) Street, Guangzhou-Panyu, Guangdong 511400 (CN).
HO5B 41/18(2006.01) (81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/EP2011/065121 AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
. - ) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(22) International Filing Date.1 bt 2011 (01093011 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
September 2011 (01.09.2011) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(25) Filing Language: English KR, KZ, ILA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
L. . ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(26) Publication Language: English NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(30) Priority Data: RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
201010292505.1 TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

21 September 2010 (21.09.2010) CN IM, ZW.

(71) Applicant (for all designated States except US): OSRAM (84) Designateq States (unle.ss othem ise indicated, for every
AG [DE/DE]; Hellabrunner Str. 1, 81543 Miinchen (DE). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(72) Inventors; and ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Inventors/Applicants (for US only): GUO, Yuancheng TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[CN/CN]; Second Light Industrial Estate, Qiao Hing
Road, Dong Huan Street, Guangzhou-Panyu, Guangdong
511400 (CN). CHEN, Wei [CN/CN]; Second Light In-
dustrial Estate, Qiao Hing Road, Dong Huan Street,
Guangzhou-Panyu, Guangdong 511400 (CN). JIAN, Jie
Hong [CN/CN]; Second Light Industrial Estate, Qiao
Hing Road, Dong Huan Street, Guangzhou-Panzhou,
Guangdong 511400 (CN). XU, Hui Ling [CN/CN]; Sec-

Publ

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

ished:

with international search report (Art. 21(3))

(54) Title: CIRCUIT AND METHOD FOR PREHEATING FILAMENTS AND BALLAST

17

% 1 )
6 14
1 3 = 11
t s
el ]
| bk 7{3‘
9 13% 51 — /~. =
15
2 < b <
__L (ﬂ 192 4 = 212
16 T
18 =
Fig. 3

(57) Abstract: The present invention provides a circuit and a method for preheating filaments and a ballast. The circuit for pre-
heating filaments includes: a transistor; a first winding, one terminal of which being electrically connected with a collector of the
transistor, and the other terminal being connected to an input of a power source; a second winding, one terminal of which being
electrically connected with an emitter of the transistor, the other terminal being electrically connected with a base of the transistor,
and the second winding being coupled with the first winding in a self-excitation mode; one or more load windings respectively
connected with the filaments in series, and each of which being coupled with the first winding in a flyback mode; and a delay
switch, which changes into an on state from an off state when a trigger signal with a predetermined delay is received, so as to turn
off the transistor. There is also provided a method for preheating filaments and a ballast. The circuit for preheating filaments may
save energy consumption and the cost is low.
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Description

CIRCUIT AND METHOD FOR PREHEATING FILAMENTS AND BALLAST

Field of the Invention

[0001] The present invention relates to a ballast of a discharge lamp, and
particularly to a circuit and a method for preheating filaments in the ballast of the
discharge lamp.

Background of the Invention

[0002] The ballast may provide a controllable power source for the discharge
lamp. The ballast generally includes a pre-regulator and a half-bridge circuit. After
the AC power from the electric network is rectified by the pre-regulator, it drives the
half-bridge circuit and supplies power for the discharge lamp.

[0003] It is generally necessary to preheat the filaments before the discharge lamp
is triggered to start up. A transformer with an integrated circuit controller may be
used to preheat the filaments, so that it is possible to precisely control the
preheating energy and to precisely cut off a preheating current after the filaments
are preheated. However, the transformer with the integrated circuit controller has a
high cost and a complicated structure.

[0004] A circuit containing a PTC (Positive Temperature Coefficient semiconductor

material) resistor may also be used to preheat the filaments. Although the circuit
containing the PTC resistor has a low cost, there is large tolerance on resistance
and parasitic capacitance, thus affecting the preheating energy and a resonance
curve. Further, from a power consumption saving point of view, it is very difficult for
the circuit containing the PTC resistor to precisely realize a function of cutting off
the preheating current.

[0005] There is a need of a circuit and a method for preheating filaments with a
low cost, which can both preheat the filaments precisely, and cut off the preheating
current precisely after the filaments are preheated, and thus the power consumption
Is saved.
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Summary of the Invention

[0006] An embodiment of the invention is a circuit for preheating filaments,
including: a transistor; a first winding, one terminal of which being electrically
connected with a collector of the transistor, and the other terminal being connected
to an input of a power source; a second winding, one terminal of which being
electrically connected with an emitter of the transistor, the other terminal being
electrically connected with a base of the transistor, and the second winding being
coupled with the first winding in a self-excitation mode; one or more load windings
respectively connected with the filaments in series, and each of which being
coupled with the first winding in a flyback mode; and a delay switch, which changes
into an on state from an off state when a trigger signal with a predetermined delay is
received, so as to turn off the transistor .

[0007] An embodiment of the invention is a method for preheating filaments, which
preheats the filaments using the above-described circuit for preheating filaments,
including: setting, when the power is on, the delay switch in the circuit for
preheating filaments to the off state to start up the circuit for preheating filaments;
and sending, after passing a predetermined delay, a trigger signal to the delay
switch in the circuit for preheating filaments, and setting the delay switch to the on
state to cut off the circuit for preheating filaments.

[0008] An embodiment of the invention is a ballast including the above-described

circuit for preheating filaments, and further including a half-bridge circuit, wherein
the circuit for preheating filaments is connected with the half-bridge circuit in
parallel.

Brief Description of the Drawings

[0009] The above and other objects, characteristics and advantages of the
invention will be more easily understood with reference to the description of
embodiments of the invention in combination with the accompanying drawings
below. In the figures, identical or corresponding technical features or components
are denoted by identical or corresponding reference numbers.

[0010] Figure 1 illustrates a structural block diagram of a ballast according to an
embodiment of the invention;

[0011] Figure 2 illustrates a structural block diagram of a ballast according to
another embodiment of the invention;

[0012] Figure 3 illustrates a circuit diagram of a circuit for preheating filaments
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3

according to an embodiment of the invention;

[0013] Figure 4 illustrates a circuit diagram of a circuit for preheating filaments
according to another embodiment of the invention; and

[0014] Figure 5 illustrates a flowchart of a method for preheating filaments using a
circuit for preheating filaments.

Detailed Description of the Invention

[0015] Embodiments of the invention are described with reference to the figures
below. It should be noted that for the sake of clarity, components and processing
less relevant to the invention and known to those skilled in the art are omitted in the
figures and descriptions.

[0016] Referring to Figure 1, it illustrates a block diagram of a ballast according to
an embodiment of the invention. As shown in Figure 1, a ballast 101 includes a
pre-regulator 1011, a half-bridge circuit 1012 and a circuit for preheating filaments
1013. After the AC power from the electric network is rectified by the pre-regulator
1011 it drives the half-bridge circuit 1012 and supplies power for a tube 102 of a
discharge lamp. The circuit for preheating filaments 1013 is connected with the
half-bridge circuit 1012 in parallel, and preheats the filaments in the tube 102 of the
discharge lamp.

[0017] The half-bridge circuit 1012 of the ballast 101 includes a delay circuit 10121

which may set a predetermined latency for the circuit for preheating filaments 1013.
The latency can be set in advance, provided that the filaments may be preheated to
a state of electronic emission after passing the latency. When the ballast 101 is
powered on at the beginning, the half-bridge circuit 1012 does not operate and the
circuit for preheating filaments 1013 operates; after passing the predetermined
latency, the delay circuit 10121 sends a trigger signal to the circuit for preheating
filaments 1013 to completely cut off the circuit for preheating filaments 1013,
simultaneously the half-bridge circuit 1012 begins to operate to supply power for the
discharge lamp, thus starting up the tube 102 of the discharge lamp and
maintaining normal operation of the tube 102 of the discharge lamp. The delay
circuit 10121 may achieve the purpose of latency by triggering a bi-directional diode.
Those skilled in the art may understand that the delay circuit 10121 may also be
implemented in other manners.

[0018] Referring to Figure 2, it illustrates a structural block diagram of a ballast
according to another embodiment of the invention. The ballast as shown in Figure 2
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4
is substantially same as that shown in Figure 1, except that a delay circuit
10121’ is out of the half-bridge circuit 1012 and is connected with the half-bridge
circuit 1012 and the circuit for preheating filaments 1013 in parallel respectively.
When the ballast 101 is powered on at the beginning, the half-bridge circuit 1012
does not operate and the circuit for preheating filaments 1013 operates; after
passing a predetermined latency, the delay circuit 10121’ sends a trigger signal to
the circuit for preheating filaments 1013 to completely cut off the circuit for
preheating filaments 1013, simultaneously the delay circuit 10121’ sends a trigger
signal to the half-bridge circuit 1012 to make the half-bridge circuit 1012 begin to
operate so as to supply power for the discharge lamp, and thus starting up the tube
102 of the discharge lamp and maintaining normal operation of the tube 102 of the
discharge lamp. The delay circuit 10121° may achieve the purpose of latency by
triggering a bi-directional diode. Those skilled in the art may understand that the
delay circuit 10121’ may also be implemented in other manners.

[0019] Those skilled in the art may understand that the latency may also be set in
other manners, provided that the circuit for preheating filaments 1013 can be cut off
and the half-bridge circuit 1012 of the ballast 101 can be turned on after passing the
predetermined latency.

[0020] Referring to Figure 3, it illustrates a circuit diagram of a circuit for
preheating filaments according to an embodiment of the invention. A circuit for
preheating filaments 1013 is electrically connected with a first input terminal 17 and
a second input terminal 18 of a power source. The circuit for preheating filaments
1013 includes a first winding 1, a second winding 2, a third winding 3, a fourth
winding 4, a transistor 5, a first resistor 6, a second resistor 7, a third resistor 8, a
fourth resistor 19, a first capacitor 9, a second capacitor 16, a Zener diode 13, a
first rectifier diode 14, a second rectifier diode 15 and a delay switch 10. The circuit
for preheating filaments 1013 preheats a first filament 11 and a second filament 12.

[0021] One terminal of the first resistor 6 is electrically connected with the first
input terminal 17 of the power source, and the other terminal is electrically
connected with a cathode of the Zener diode 13. One terminal of the second
resistor 7 is electrically connected with a base 51 of the transistor 5, and the other
terminal is electrically connected with the cathode of the Zener diode 13. One
terminal of the first winding 1 is electrically connected with the first input terminal 17
of the power source, and the other terminal is electrically connected with a collector
52 of the transistor 5. One terminal of the fourth resistor 19 is electrically connected
with an emitter 53 of the transistor 5, and the other terminal is electrically connected
with the second input terminal 18 of the power source. The third resistor 8, the first
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capacitor 9 and the second winding 2 are connected Iin series, wherein one
terminal of the third resistor 8 is electrically connected with the cathode of the Zener
diode 13, and one terminal of the second winding 2 is electrically connected with
the second input terminal 18 of the power source. One terminal of the second
capacitor 16 is electrically connected with the second input terminal 18 of the power
source, and the other terminal is electrically connected with an anode of the Zener
diode 13. One terminal of the delay switch 10 is electrically connected with the base
51 of the transistor 5 via the second resistor 7, and the other terminal is electrically
connected with the emitter 53 of the transistor 5 via the fourth resistor 19. When the
delay switch 10 receives a trigger signal with a predetermined delay, it changes into
an on state from an off state, shorts the base 51 with the emitter 53 of the transistor
5 to turn off the transistor 5, and thereby cutting off the circuit for preheating
filaments 1013. The trigger signal, which starts up the half-bridge circuit 1012 of the
ballast 101 simultaneously, may be generated by the delay circuit 10121 or 10121".

[0022] The first winding 1 is coupled with the third winding 3 in a flyback mode,
coupled with the fourth winding 4 in a flyback mode, and coupled with the second
winding 2 in a self-excitation mode. One terminal of the third winding 3 is electrically
connected with an anode of the first rectifier diode 14, and the other terminal is
grounded. One terminal of the first filament 11 is electrically connected with a
cathode of the first rectifier diode 14, and the other terminal is grounded. One
terminal of the fourth winding 4 is electrically connected with an anode of the
second rectifier diode 15, and the other terminal is grounded. One terminal of the
second filament 12 is electrically connected with a cathode of the second rectifier
diode 15, and the other terminal is grounded.

[0023] When the discharge lamp is powered on, the delay switch 10 is in the off
state, and thus only the circuit for preheating filaments 1013 begins to operate in
order to preheat the filaments in the tube 102 of the discharge lamp. After passing a
predetermined latency, the delay switch 10 changes into the on state from the off
state, shorts the base 51 with the emitter 53 of the transistor 5 to turn off the
transistor 5, and thereby completely cutting off the circuit for preheating filaments
1013; simultaneously the half-bridge circuit 1012 of the ballast 101 begins to
operate, so as to supply power for the discharge lamp, and thus starting up the tube
102 of the discharge lamp and maintaining the normal operation of the tube 102 of
the discharge lamp. Since the circuit for preheating filaments 1013 is completely
turned off during the normal operation of the tube 102 of the discharge lamp, power
consumption may be saved.

[0024] Referring to Figure 4, it illustrates a circuit diagram of a circuit for
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6
preheating filaments according to another embodiment of the invention.

The circuit for preheating filaments shown in Figure 4 is substantially same as that
shown in Figure 3, except connection relation of a delay switch 10°. As shown in
Figure 4, one terminal of the delay switch 10’ is electrically connected with the base
51 of the transistor 5 via the second resistor 7, and the other terminal is grounded.
When the delay switch 10’ receives a trigger signal with a predetermined latency, it
changes into an on state from the off state, grounds the base 51 of the transistor 5
in order to turn off the transistor 5, and thus cutting off the circuit for preheating
filaments 1013. The trigger signal, which simultaneously starts up the half-bridge
circuit 1012 of the ballast 101, may be generated by the delay circuit 10121 or
10121’

[0025] Those skilled in the art may understand that the delay switch may be
implemented in other manners, provided that the circuit for preheating filaments can
be cut off after the trigger signal with the predetermined latency is received.

[0026] Operation flow of the circuit for preheating filaments 1013 is described in
details below.

[0027] When the discharge lamp is powered on, an input voltage Vs between the
first input terminal 17 and the second input terminal 18 of the power source applies
a positive bias to a circuit at the base 51 side of the transistor 5 via the first resistor
6, resulting in a very small base current |, and thus causing the transistor 5 to turn
on. Due to current amplification effect of the transistor 5, a collector current I¢
generated by a circuit at the collector 52 side of the transistor 5 is multiple of the
base current l,. The collector current I flows through the first winding 1, causing a
voltage on the first winding 1 to increase gradually, and thus inducing a positive
feedback voltage on the second winding 2. The positive feedback voltage induced
on the second winding 2 is applied to the circuit at the base 51 side of the transistor
5, and thus causing the base current I, to increase gradually. Due to the current
amplification effect of the transistor 5, the collector current I also increases
gradually. Therefore, the transistor 5 reaches a saturation state from a conduction
amplification state rapidly due to series of positive feedback.

[0028] Meanwhile, the positive feedback voltage induced on the second winding 2
can charge the first capacitor 9, causing a voltage on the first capacitor 9 to
increase gradually, while the voltage on the base 51 of the transistor 5 to decrease
gradually, and thus causing the base current |, to decrease gradually and the
transistor 5 to quit the saturation state. Since the base current |, decreases
gradually, the collector current I¢ also decreases gradually, thus causing the voltage
on the first winding 1 to decrease gradually. Due to series of positive feedback, the
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transistor 5 cuts off rapidly.

[0029] When the transistor 5 cuts off, the collector current Ic thereof becomes
zero. At this time, the voltage on the first winding 1 will be inverse, and the positive
feedback voltage induced on the second winding 2 will be also inverse. The inverse
positive feedback voltage induced on the second winding 2 will charge the second
capacitor 16. When the transistor 5 cuts off, the first rectifier diode 14 and the
second rectifier diode 15 turns on respectively, and the energy stored in the first
winding 1 is transferred to the first filament 11 and the second filament 12 via the
third winding 3 and the fourth winding 4 respectively, so as to preheat the first
filament 11 and the second filament 12.

[0030] When the transistor 5 cuts off, the input voltage Vyys between the first input
terminal 17 and the second input terminal 18 of the power source inversely charges
the first capacitor 9 via the first resistor 6 again and gradually increases the voltage
of the circuit at the base 51 side of the transistor 5, thus causing the transistor 5 to
turn on again and to reach the saturation state again, and the circuit for preheating
filaments 1013 oscillates repeatedly as that.

[0031] When the transistor 5 is in the conduction amplification state, the relation
between the voltage V, induced on the second winding 2 and the voltage V4 on the
first winding 1 is the following: V2=n,/n1*V4, wherein n4 is the number of turns of the
first winding 1, and ny is the number of turns of the second winding 2. Since RC
time is very short, e.g. about 0.1 us, storage time of the transistor 5 will not affect on
time T,, thereof. The on time T,, of the transistor 5 is determined only by the
following two factors: one is capacitance value of the first capacitor 9, resistance
values of the second resistor 7 and the third resistor 8, and the other is turn ratio of
n4:n, between the first winding 1 and the second winding 2.

[0032] If the positive feedback voltage induced on the second winding 2 is too
large at the beginning and thus resulting in a too large base current |, generated by
the circuit at the base 51 side of the transistor 5, then the value of the base current
I, may be limited by the Zener diode 13. The smaller the value of the Zener diode
13 is, the shorter the on time T,, of the transistor 5 is. The Zener diode 13 is
optional, that is, the Zener diode may be not used.

[0033] Referring to Figure 5, it illustrates a flowchart of a method for preheating the
filaments using a circuit for preheating filaments. As shown in Figure 5, in Step 201,
when the ballast 101 is powered on, the delay switch 10 or 10" of the circuit for
preheating filaments 1013 is in the off state, and the circuit for preheating filaments
1013 operates while the half-bridge circuit 1012 does not; in Step 202, after passing
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a predetermined latency, the delay circuit 10121 or 10121’ sends a trigger signal to
the delay switch 10 or 10’ of the circuit for preheating filaments 1013, making the
delay switch 10 or 10’ change into the on state to turn off the transistor 5, and thus
completely cutting off the circuit for preheating filaments 1013, simultaneously the

5 half-bridge circuit 1012 begins to operate so as to supply power for the discharge
lamp; and in step 203, the tube 102 of the discharge lamp is started up, and normal
operation of the tube 102 of the discharge lamp is maintained.

[0034] The invention has been described with reference to specific embodiments
in the above specification. However, those skilled in the art will understand that

10  various modifications and variations can be made without departing from the scope
of the invention defined by the appended claims.
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Claims:

1 . Acircuit for preheating filaments, comprising :
a transistor;

a first winding, one terminal of which being electrically connected with a
collector of the transistor, and the other terminal being connected to an input of a
power source;

a second winding, one terminal of which being electrically connected with an
emitter of the transistor, the other terminal being electrically connected with a base
of the transistor, and the second winding being coupled with the first winding in a
self-excitation mode;

one or more load windings respectively connected with the filaments in series,
each of which being coupled with the first winding in a flyback mode; and

a delay switch, which changes into an on state from an off state when a trigger
signal with a predetermined delay is received, so as to turn off the transistor.

2. The circuit for preheating filaments as claimed in claim 1, wherein both
terminals of the delay switch are connected with the base and the emitter of the
transistor respectively.

3. The circuit for preheating filaments as claimed in claim 1, wherein one
terminal of the delay switch is electrically with the base of the transistor, and the
other terminal is grounded.

4. The circuit for preheating filaments as claimed in claim 1, wherein the
trigger signal is generated by a delay circuit, and the trigger signal simultaneously
starts up a half-bridge circuit being connected with the circuit for preheating
filaments in parallel.

5. The circuit for preheating filaments as claimed in claim 4, wherein the delay
circuit is included in the half-bridge circuit.

6. The circuit for preheating filaments as claimed in claim 4, wherein the delay
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circuit is out of the half-bridge circuit, and is connected with the half-bridge
circuit and the circuit for preheating filaments in parallel respectively.

7. The circuit for preheating filaments as claimed in any one of claims 1-6,
wherein there are one or more capacitors connected in series between the second
winding and the base of the transistor.

8. The circuit for preheating filaments as claimed in any one of claims 1-6,
wherein there are one or more resistors connected in series between the second
winding and the base of the transistor.

9. The circuit for preheating filaments as claimed in any one of claims 1-6,
further comprising a Zener diode, a cathode of which being electrically connected
with the base of the transistor, and an anode being electrically connected with the
emitter of the transistor .

10. A method for preheating filaments, which preheats the filaments using the
circuit for preheating filaments as claimed in any one of claims 1-9, comprising:

setting, when power is on, the delay switch in the circuit for preheating
filaments to an off state to start up the circuit for preheating filaments; and

sending, after passing a predetermined delay, a trigger signal to the delay
switch in the circuit for preheating filaments, and setting the switch to an on state to
cut off the circuit for preheating filaments.

11. A ballast comprising the circuit for preheating filaments as claimed in any one of
claims 1-9, and further comprising a half-bridge circuit, wherein the circuit for
preheating filaments is connected with the half-bridge circuit in parallel.
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