wo 20097106911 A2 I 10K OO0

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

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 NI0PO0 1.0 00000 00 A
ernational Bureau V,& ‘ ) |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #

3 September 2009 (03.09.2009) WO 2009/106911 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO2M 1/32 (2007.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ éé’ gg’ gg’ gg’ gg > ]])31}({, 3\1\}[]’ gg’ gé’
PCT/IB2008/000592 EC. EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN.
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
27 February 2008 (27.02.2008) I\K/[ZG II\I/IAKLISII\?I?\/I\I{/RI\/I[“)S( IIC/EY LI\I/J[ZL?\{IAMSGMI\]I)I 1\1\/%
(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
(26) Publication Language: English SK, SL, SM, SV, SY, TJ, TM, TN, TR, TT, TZ, UA, UG,

US,UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): OSRAM . o
GESELLSCHAFT MIT BESCHRANKTER HAF- (84) De51gnated States (unless otherwise indicated, fO}" every

TUNG [DE/DE]; Hellabrunner Strasse 1, 81543 kind of regional protection available): ARIPO (BW, GH,
Miinchen (DE). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for IT only): OSRAM S.P.A. - SOCIETA' TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
RIUNITE OSRAM EDISON CLERICI [IT/IT]; Via ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Savona, 105, I-20144 Milano (IT). MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI

(72) Tnventors; and (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,

(75) Inventors/Applicants (for US only): DE ANNA, Paolo NE, SN, TD, TG).
[IT/IT]; Via Quart. Corazza, 28, 1-31039 Riese Pio X Published:
(IT). MARTINI, Francesco [IT/IT]; Piazza De Gasperi,
45/A,1-35131 Padova (IT).

(74) Agent: BOSOTTI, Luciano; Buzzi, Notaro & Antonielli
d'Oulx S.rl., Via Maria Vittoria, 18, I-10123 Torino (IT).

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: A METHOD OF PROTECTION FROM OVER-TEMPERATURE AND CORRESPONDING ARRANGEMENT

30
10 /
Vin Vou&
4
’ -~ U
~ |
N}
S S R1 ,/
LR. L/
\ EE /
N Tr § é 20/
~. — -~
- -
Fig. 2

(57) Abstract: An arrangement for protecting from over- temperature a device, such as a transformer (Tr) associated with an elec-
tronic converter (10) including a feedback path (11, 12 to 18) for regulating the output signal (Vout) of the electronic converter
(10). The arrangement includes a thermal sensitive component (20) sensitive to the temperature of the aforesaid device (Tr). The
thermal sensitive component (20) is included in the feedback path (11, 12 to 18) of the electronic converter (10) to reduce the out-
put signal (Vout) of the electronic converter (10) as a function of the temperature of the device (Tr) as sensed by the thermal sen-
sitive component (20).
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“A method of protection from over-temperature and

corresponding arrangement”

* x %

Field of the Invention

This  disclosure relates to techniques for
protecting electrical/electronic devices from over-
temperature.

This disclosure was developed with specific
attention paid to its possible use in protecting from
over—-temperature a device associated with a DC power
converter. An exemplary field of use of the disclosure
is thermal protection of safety insulating transformers
in off-line DC power converter designed e.g. to supply
modules including Light Emitting Diodes (LEDs) with a
constant voltage output, such as a Safety Extra Low
Voltage (SELV).

Reference to this possible field of application is
not however to be construed in a limiting sense of the

scope of the invention.

Description of the Related Art

LED modules used e.g. as lighting sources may be
supplied by a constant voltage source via a linear
regulator, which regulates the current flow through the
LED o0r LEDs and adapts the source voltage to actual LED
voltage drop. This depends on the technology and
operating conditions such as ambient temperature,
direct current, and thermal dissipation conditions.
Using an electronic converter for supplying these
modules with a constant voltage (in the place of a
constant current) and the presence of a linear
regulator “on board” the module itself may be useful
for different reasons which are per se well known in

the prior art.
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Object and Summary of the Invention

In order to allow a maximization of the output
power, while guaranteeing always the safety of the
device, such electronic power converters should be
protected from over-temperature.

The object of the invention is thus to provide a
cheap and integrated way of ©providing such a
protection.

According to the present invention, that object is
achieved by means of a method having the features set
forth in the claims that follow. The invention also
relates to a corresponding arrangement.

The claims are an integral part of the disclosure
of the invention provided herein.

In an embodiment, protection is provided by means
of a thermal sensitive component, such as a Positive
Temperature Coefficient (PTC) or Negative Temperature
Coefficient (NTC) resistor arranged in proximity of the
main safety component of the power supply.

In an embodiment, the thermal component is mounted
in proximity of the safety insulation transformer of
the electronic converter.

In an embodiment, circuitry is provided to reduce
the output voltage of the electronic converter if the

temperature of the transformer exceeds a first thermal

threshold.

In various embodiments, the circuitry is provided
in the feedback path of the electronic converter and
changes the set-point of the output voltage; in an
embodiment, the circuitry guarantees that the rated
output voltage remains unchanged if the temperature is
below the first thermal threshold and to shut down the
electronic converter 1if the temperature is above a

second thermal threshold.
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In an embodiment, the thermal sensitive component
is arranged in mechanical contact with (e.g. mounted on
or integrated in) the protected device (e.qg. a
transformer). In an embodiment, a “concentric” (one
chamber) transformer with one or more windings at the
primary side of the converter and one or more windings
at the secondary side of the converter is used.

In an embodiment, a bobbin is used which provides
enough pins to connect all windings and the terminals
of the thermal sensitive component to the PCB.

In an embodiment, a conventional PTC or NTC
resistor is used with pin-through-hole (PTH)
technology. Surface Mount Device (SMD) components with
€.g. hand soldered pins may also be used. The pins of
the component are connected to the pins of the bobbin.

In an embodiment, the transformer is provided with
one or more external layers, such as layers of tape,
which fix the thermal component to the most external
winding. Specifically, in an embodiment, two layers are
used and the thermal component is inserted between
these outer layers, wherein the leads of the component
are positioned in direction of the pins of the bobbin.
In this case, the leads of the thermal component may be
tied and soldered to the pins of the bobbin in order to
guarantee the electrical contact between the component
and the conductive (e.g. metal) tracks on the PCB.-

The thermal sensitive component may be positioned
outside of the loop formed by the main switching net in
order to avoid that the information provided by the
component is altered due to current induced in the
component by the magnetic flux near the transformer.
The leads of the thermal component may extend
substantially perpendicular to the wires of the
windings in order to minimize the magnetic coupling and

the energy transfer between them.
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Brief description of the annexed drawings

The invention will now be described, by way of
example only, with reference to the enclosed figures of
drawing, wherein:

- figure 1 is a diagram showing a typical
relationship between the input voltage to a LED module
and the brightness produced thereby,

- figure 2 1is a schematic representation of a
circuit for connecting a thermal sensitive component in
a feedback path of an electronic converter,

- figure 3 1is a diagram representative of
regulation of the output. voltage in an electronic
converter, and

- figures 4a and 4b show two possible scenarios of

operation of the arrangement described herein.

Detailed description of preferred embodiments

In the following description, numerous specific
details are given to provide a thorough understanding
of embodiments. The embodiments can be practiced
without one or more of the specific details, or with
other methods, components, materials, etc. Iﬁ other
instances, well-known structures, materials;' or
operations are not shown or described in detail to
avoid obscuring aspects of the embodiments.

ALY

Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in
connection with the embodiment is included in at least
one embodiment. Thus, the appearances of the phrases
“in one embodiment” or “in an embodiment” in various
places throughout this specification are not
necessarily all referring to the same embodiment.

Furthermore, the particular features, structures, or
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characteristics may be combined in any suitable manner
in one or more embodiments.

The headings provided herein are for convenience
only and do not interpret the scope or meaning of the
embodiments.

Figure 1 shows the notional relationship between
the supply voltage applied to a LED module and the
brightness B of the LED or LEDs included therein.
Specifically, if the supply voltage is below a minimum
forward voltage Vppin, the LED will be switched off. In
the region between the minimum voltage Vgin and a
voltage Viateq, variation of the brightness B of the LED
may be noticeable in a range from Bpin t0 Bratea. If the
supply voltage is above a voltage Visteq, the brightness
of the LED will be almost constant, thanks to the “on
board” regulator of the LED module.

An aspect of this disclosure is based on the
recognition that the presence of an almost constant
voltage at the input of a LED module is not a necessary
condition in order to guarantee the correct operation
of the LED or LEDs therein. For example, a LED module
may continue to operate even if the voltage supplied
thereto is lower (or higher) than the specified forward
voltage Viatea ©f the LED-modules. The inventors have
thus noted that the operating thermal range of a LED
module can be maximized by decreasing the power
delivered 6ver a certain temperature range without
affecting significantly the output 1light of the LED
module.

To that effect, an embodiment of this disclosure
relates to a thermal sensitive component, such as a
PTC, mounted on a printed circuit board (PCB) in close
proximity of the insulating transformer. Preferably the
component is glued to the transformer. In an

embodiment, a PTC is mounted at the primary side of the
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transformer in compliance with the applicable safety
requirements; the PTC is electrically insulated from
the secondary winding of the transformer. »

Generally a PTC has a low resistance value up to a
certain threshold temperature, and above this
temperature the resistance value increases
exponentially with temperature. The specific electrical
and thermal characteristics of the PTC used are chosen
(in manner known per se) in accordance with the thermal
class of the transformer.

Figure 2 shows a possible embodiment of circuitry
for connecting a thermal sensitive component 20, such
as a PTC, 1in the feedback path of an insulated
electronic converter 10 having an input voltage Vi, and
an output voltage Vgt to be fed to a LED module 30.

In an embodiment of this disclosure, the
transformer Tr and the related «circuitry in the
feedback path as described in detail - herein are
included in the converter 10: nonetheless in Figure 2,
these elements are shown externally of the converter 10
for ease of representation.

In the embodiment shown, the input voltage is
derived from the mains (e.g. 240V - 50Hz) and the
output voltage is applied to a LED module 30 comprised
of a linear regulator LR that feeds one of more LEDs
designated L as a whole.

A signal representative of the value of Vg, is
present on an output pin 11 of the converter 10 (or can
be derived directly from the output of the converter
10).

The signal representative of the value of Vg, may
be scaled down by a resistive voltage divider 18 and
fed to one of the inputs of an error amplifier 12 to be
compared with a reference voltage signal Veer. In the

embodiment shown, the error amplifier 12 has an
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associated (negative) feedback loop including
regulation circuitry 14 to produce (in a manner known
per se) an error signal Ve,,. The error signal Ve,, is
then sent over a line 16 as a voltage error input to
the switching modulator of the electronic converter 10.

The resistive voltage divider 18 includes a

thermal sensitive component 20 such as a PTC. In the

-following it will be assumed that the thermal sensitive

component 20 is arranged in close proximity or
mechanical contact with the insulating transformer
(schematically indicated Tr in the drawing) associated
to the converter 10. In an embodiment, the PTC 20 is
mounted at the primary side of the transformer Tr.

In an embodiment, the voltage divider 18 includes:

- an “upper” branch including a resistor R1, and

- a “lower” branch including the thermal sensitive
component 20 and, preferably, a resistor R2 connected
in series with the thermal sensitive component 20
(which for the time being will be considered to be a
PTC, namely a resistor whose resistance value increases
with temperature).

In such an embodiment, when and as long as the
temperature T of the insulating transformer Tr is below
the temperature threshold of the PTC, the scaling ratio
of the voltage divider 18 1is essentially constant,
because small variations of the resistance of the PTC
have only a small influence on the divided output
signal.

When the temperature of the transformer exceeds a
temperature threshold of the PTC, the resistance value
of the PTC will increase exponentially and the output
voltage of the voltage divider will increase.

" In the embodiment illustrated in figure 2, the
divided output voltage is connected to the inverting

(negative) input of . the error amplifier 12 and the
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reference signal V.. 1s connected to the non-inverting
(positive) input. |

Therefore, if the transformer temperature
increases, the feedback regulator will find a new
working point which will in turn reduce the output
voltage Veour of the electronic converter 10.

Figure 3 shows 1in that respect a typical
relationship between the output voltage Vg, and the
transformer temperature T(Tr), wherein the temperature
threshold of the PTC has been selected to be
approximately 90°C.

A NTC resistor may be used as the thermal
sensitive component 20 in the voltage divider, by
possibly modifying the voltage divider and the
connection to the error amplifier 12 as required to
ensure the desired operation. _

In an embodiment, the protection effect may be
improved by adding a second threshold to 1limit the
minimum output voltage of the converter. For example,
the same voltage which is compared with the reference
signal V.er may be connected to a voltage comparator
(not shown), which is able to shut down the converter.

In an embodiment, the error amplifier and the
optional comparator form part of the integrated_circuit
of the switching power supply.

Figure 4a and 4b show a further advantageous
behaviour of the arrangements of this disclosure.

Specifically, figure 4a shows a diagram wherein
the forward voltage of the LEDs remains essentially
constant, which 1is typically the case when the
temperature of the LEDs remains constant. In this case,
when the temperature T of the transformer Tr denoted
T(Tr) exceeds a temperature threshold Tl of the thermal
sensitive component, the output voltage of the

electronic converter will decrease as explained in the
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below the forward voltage Vy of the LEDs, the LEDs will
be switched off and consequently the current flow
through the electronic converter will be reduced
drastically. This behaviour is particularly
advantageous 1in protecting the electronic converter
from an overload or short circuit at the output.

Figure 4b shows a diagram wherein the forward
voltage of the LEDs decreases. This is typically the
case when the transformer temperature increases due to
a rise of the ambient temperature T (amb), which
influences also the performance and the electrical
characteristics of the LEDs. In fact, the voltage drop
at the LEDs typically decreases when their temperature
increases. This behaviour may be advantageously used to
increase the temperature range of the system, because
the temperature at which the output voltage Vg, falls
below the forward voltage Vy of the LEDs is moved to a
higher temperature. '

In order to improve the mechanical contact and the
heat transfer between the transformer and the thermal
sensitive component 20, the component may be integrated
in the transformer. Such an arrangement may be
advantageous in terms of cost reduction, because no
complex and expansive manual operations, such as
positioning and fixing (e.g. gluing) of the thermal
component, are necessary.

In an embodiment, a “concentric” (one chamber)
transformer with one or more windings at the primary
side of the converter and one or more windings at the
secondary side of the converter may be used. For
example the secondary winding may be realised with
triple-insulation special wire (TEX-E), which

guarantees a reinforced insulation between the primary
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and secondary side according to well known safety
application standards.

In an embodiment, a bobbin is used which provides
enough pins to connect all windings and the terminals
of the thermal sensitive component to the PCB.

In an embodiment, the leads of the component may
be connected to the pins of the bobbin. A conventional
PTC or NTC resistor with pin-through-hole (PTH)
technology may be used. Surface Mount Device (SMD)
components with e.g. hand soldered pins may also be
used.

For example, the transformer may be provided with
one or more external layers, such as layers of tape,
which fix the thermal component to the most external
winding. Specifically, at least two outer layers may be
used, wherein the thermal component is inserted between
these outer layers and wherein the 1leads of the
component are positioned in direction of the pins of
the bobbin. In this case, the leads of the thermal
component may be tied and soldered to the pins of the
bobbin in order to guarantee the electrical contact
between the component and the conductive (e.q. méfal)
tracks on the PCB. ’

In an embodiment, ‘the thermal sensitive component -
is positioned outside of the loop formed by the main
switching net in order to avoid that the information
provided by the component is altered due to current
induced in the component by the magnetic flux near the
transformer.

In an embodiment, the leads of the thermal
component are substantially perpendicular to the wires
of the windings in order to minimize the magnetic
coupling and the enerqgy transfer between them.

In an embodiment, an FEF16 horizontal bobbin

transformer 1is used. This arrangement includes by a
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primary winding (Cul wire), an insulating tape layer, a
secondary winding (TEX-E triple insulated wire) and an
external or outer tape layer. Such a construction
guarantees the insulating distance between the
secondary terminals and the circuitry on the primary
side. In this case, the thermal sensitive component is
fixed in strict contact with the inner layers of wire
and tape by means of a further external tape layer,
wherein the leads of the component are kept as
perpendicular as possible to the wires of the windings.
Then the leads of the thermal component are soldered to
two free pins of the bobbin to guarantee the electrical
contact.

Without prejudice to the underlying principles of
the invention, the details and the embodiments may
vary, even appreciably, with reference to what has been
described by way of example only, without departing
from the scope of the invention as defined by the

annexed claims.
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CLAIMS

1. A method of protecting from over-temperature a
device (Tr) associated with an electronic converter
(10) including a feedback path (11, 12 to 18) for
regulating the output signal (Vo) of said electronic
converter (10), the method including the steps of:

- providing a thermal sensitive component (20)
sensitive to the temperature of said device (Tr),

- including said thermal sensitive component (20)
in said feedback path (11, 12 to 18) of said electronic
converter (10), whereby said output signal (Veut) of
said electronic converter (10) is reduced as a function
of the temperature of said device (Tr) as sensed by

said thermal sensitive component (20).

2. The method of claim 1, including the .step of

shutting down said electronic converter (10) if the

temperature of said device reaches an upper temperature
threshold.

3. The method of either of claims 1 or 2, wherein
including said thermal sensitive component (20) in said
feedback péth (11, 12 to 18) of said electronic
converter (10) includes the steps of:

- including in said feedback path (11, 12 to 18)
of said electronic converter (10) a voltage divider
(18, R1, R2, 20) to produce a feedback signal
indicative of said output signal (Vout) of said
electronic converter (10), and

- including said thermal sensitive component (20)
in said voltage divider (18, R1l, R2, 20).

4. The method of any of the previous claims,

including the step of arranging said thermal sensitive
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component (20) in mechanical contact with said device

(Tr) to be protected.

5. An arrangement for protecting from over-
temperature a device (Tr) associated with an electronic
converter (10) including a feedback path (11, 12 to 18)

for regulating the output signal (Vgw) of said
electronic converter (10), the arrangement including a
thermal sensitive component (20) sensitive to the

temperature of said device (Tr), said thermal sensitive
component (20) being included in said feedback path
(11, 12 to 18) of said electronic converter (10) to
reduce said output signal (Vour) of said electronic

converter (10) as a function of the temperature of said

device (Tr) as sensed by said thermal sensitive:

component (20).

6. The arrangement of claim 5, wherein said
thermal sensitive component (20) is a component

sensitive to temperature above a first temperature

threshold, whereby said output signal (Vgy) remains

substantially constant if the temperature of said
device (Tr) 1is 1lower than said first temperature
threshold.

7. The arrangement of either of claims 5 or 6,
wherein said feedback path (11, 12 to 18) of said
electronic converter (10) includes a voltage divider
(18, R1, R2Z, 20) to produce a feedback signal
indicative of said output signal (Vout) of said
electronic converter (10), and wherein said thermal
sensitive component (20) 1is included in said voltage
divider (18, R1l, R2, 20).
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8. The arrangement of claim 7, wherein said
feedback path (11, 12 to 18) of said electronic
converter (10) includes an error amplifier (12) for
comparing the signal divided out of said voltage
divider (18, R1l, R2, 20) with a reference signal (Vieg):
said error amplifier (12) generating an error signal
(Verr) used to regulate said electronic converter (10),
preferably by sending said error signal (Ve,) to a

switching modulator in said electronic converter.

9. The arrangement of any of claims 5 to 8,
wherein a resistor (R2) 1is connected in series with

said thermal sensitive component (20).

10. The arrangement of any of claims 5 to 9,
wherein said electronic converter (10) includes a
thermal shutdown feature for . shutting down said
electronic converter (10) 1if temperature increases

beyond a predetermined threshold.

11. The arrangement of any of c¢laims 5 to 10,
wherein said thermal sensitive component (20) is

arranged in mechanical contact with said device (Tr) .

12. The arrangement of any of claims 5 to 11,

wherein said device is a transformer (Tr).

13. The arrangement of claim 12, wherein said
transformer (Tr) is a concentric transformer with one
or more windings at the primary side of the converter
and one or more windings at the secondary side of the
converter, and wherein said thermal sensitive component

is mounted in the vicinity of said transformer (Tr).
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14. The arrangement of either of claims 12 or 13,
wherein said transformer (Tr) has a bobbin and wherein
the leads of said thermal sensitive component (20) are

connected to said bobbin.

‘15. The arrangement of any of claims 12 to 14,
wherein the leads of said thermal sensitive component
(20) are substantially perpendicular to the wires of

the windings of said transformer (Tr).

16. The arrangement of any of claims 12 to 15,
wherein said transformer (Tr) includes one or more
outer layers, such as layers of tape, for fixing the
thermal component (20) to the most external winding of

said transformer (Tr).
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