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(57) Abstract: The present invention relates to
an electrical oven having a food processing
chamber accessible via a front door and a plur-
ality of planar walls enclosing said food pro-
cessing chamber, said plurality of planar walls
having at least one conductive oxide coating
heating element effecting heating of food items
in said food processing chamber Said electrical
oven turther comprises a heating coating power
circuit (1) delivering power to said at least one
conductive oxide coating heating element hav-
ing a conductive oxide coating resistance (2),
said heating coating power circuit (1) compris-
ing a voltage regulation circuit (6) and a resist-
ance measurement circuit (4, 5).
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Description
ELECTRICAL OVEN HAVING CIRCUIT ARRANGEMENT FOR DRIVING

[0001]

[0002]

[0003]

[0004]

[0005]

CONDUCTIVE OXIDE MATERIAL HEATING ELEMENTS
The present invention relates to a circuit powering a heating element of an
electrical oven, the heating element being provided in the form of a
conductive oxide coating.
Transparent conductive films are composed of any one of various
transparent conductive oxide materials, including indium oxide, indium tin
oxide (ITO), tin oxide, tin oxide doped with fluorine (F) or antimony (Sb),
zinc oxide and zinc oxide doped with aluminium (Al). Indium tin oxide is a
transparent conducting oxide having wide-spread use due to its electrical
conductivity and optical transparency. It further has the advantage of easy
implementation as it can be deposited as a thin film. However, certain
disadvantages are to be presented in association with iridium, namely in
regards to its high cost and limited supply, the fragility of iridium tin oxide
layers, and also the costly layer deposition requiring vacuum.
It is well-known that an iridium tin oxide heater is typically provided as a
deposited material applied to a glass cover in a food processing appliance
such as an electrical oven. Electrical current is then passed through the
ITO coating across the respective bottom and side walls to provide uniform
heating.
Among others, a prior art publication pertinent to the technical field of the
present invention may be referred to as FR 2848289, disclosing an oven
chamber with guides at the sides to receive at least one heated partition
made from a substrate in the form of a base with an external layer of direct
heating conductors covered by an insulating layer. The partition has
contacts to make electrical contact and the oven chamber has guides at
the sides to receive at least one heated partition. The heating conductors
are applied by vacuum deposition or pyrolysis projection, using an alloy
based on NiCr, FeCr or an oxide such as tin oxide doped with Ce, La, Sb
or Zn.
Further, a conductive coating with a layer of tin oxide deposited on a
substrate is described in US 5,798,142.
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The present invention provides a simple circuit solution in terms of the
number of the circuit elements involved and their functional complexity, by
which a conductive oxide material based heating coating is supplied with
electrical energy such that the time-dependant change in the ohmic
resistivity of the conductive oxide material is compensated.

The present invention provides an electrical oven comprising at least one
conductive oxide material based coating whose resistivity change is
monitored to regulate its power output such that time-dependant
resistance change is compensated as provided by the characterizing
features defined in Claim 1.

Primary object of the present invention is to provide an electrical oven with
conductive oxide material based heating coating involving no
time-dependant change in the power output.

The present invention proposes an electrical oven having a plurality of
walls with conductive oxide coating heating elements to which power is
delivered by means of a heating coating power circuit incorporating a
voltage regulation circuit and a resistance measurement circuit. Each
conductive oxide coating heating element has a conductive oxide coating
resistance that is measured by the resistance measurement circuit such
that a corresponding voltage is applied to said conductive oxide coating
heating element, whereby a fixed power rate is obtainable.

Said conductive oxide coating heating element comprises indium oxide,
zinc oxide or tin oxide layers and more preferably comprises an iridium tin
oxide layer. The resistance measurement can be made by means of a
voltage divider or alternatively by disconnecting the conductive oxide
coating heating element from the supply and applying a reference voltage.
Change rates in the ambient temperature and the conductive oxide coating
heating element’s temperature can be monitored and an estimated
resistance value can be obtained based on a preloaded reference data
set. The preloaded references values may include voltage values and
these can be compared to actual voltage values in correlation with
temperature data to make an estimate for the resistance value.

Accompanying drawings are given solely for the purpose of exemplifying a
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power regulation circuit of a conductive oxide material based heating
coating in an electrical oven, whose advantages over prior art were
outlined above and will be explained in brief hereinafter.

The drawings are not meant to delimit the scope of protection as identified
in the claims nor should they be referred to alone in an effort to interpret
the scope identified in said claims without recourse to the technical
disclosure in the description of the present invention.

Fig. 1 demonstrates the power circuit’s general block diagram effecting the
measurement of a respective heating element’s resistance according to an
embodiment of the present invention.

Fig. 2 demonstrates the power circuit’s general block diagram for the
measurement of a respective heating element’s resistance according to an
alternative embodiment of the present invention.

Fig. 3 demonstrates the power circuit of Fig. 2 with a voltage regulation
block according to the present invention.

Fig. 4 demonstrates the power circuit’s general block diagram according to
the present invention.

The following numerals are used in the detailed description:

. Heating coating power circuit

. Conductive oxide coating resistance

. Shunt resistance

. Indirect resistance measurement circuit

. Direct resistance measurement circuit

. Voltage regulation circuit

. Relay

. Control block

The present invention proposes an electrical food processing appliance

0o N o 00~ WN -

and particularly an electrical oven having a bottom wall, a top wall, a rear
wall and side walls defining an inner closed food processing chamber
accessible via a front door.

The food processing appliance’s walls comprises a planar heating coating
for effecting heating of the food to be processed, said heating coating

comprising a conductive oxide material composed of any one of various
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transparent conductive oxide materials, including indium oxide, indium tin
oxide (ITO), tin oxide, tin oxide doped with fluorine (F) or antimony (Sb),
zinc oxide and zinc oxide doped with aluminium (Al). A conductive coating
with a layer of tin oxide deposited on a substrate is described in US
5,798,142.

The heating coating or film maintaining its transparency in the operational
temperature range provides that processed food can be monitored in a
visually attractive manner. Vacuum is typically interposed between said
heating coating and an electrochromic layer on the outermost layer of the
substrate.

It is known that ohmic resistivity of conductive oxide materials is prone to
time-dependant change, which in turn decreases the power output of the
heating element in reverse proportion. Typically, the power formula P=V2
/R yields that, increase in the resistance value reduces the output power.
To this end, in order for providing a constant power rate, time-dependant
resistance change should be compensated by continuously monitoring the
same and accordingly regulating the output power.

In this regard, the present invention provides a circuit which regulates the
output power by changing the RMS value of the voltage applied to a
respective heating element. It is established that instead of applying 230 V
AC voltage to an iridium tin oxide (ITO) heating element of 40 ohm, 154 V
can be applied starting from the first use of the electrical oven and
time-dependant change in the resistance value can therefore be
compensated by proportional voltage increase up to 230 V AC as in the
case of domestic use. This ensures that the iridium tin oxide heating
coating will be operable with a constant 600 W power rate as originally
designed.

Fig. 1 demonstrates the circuit diagram for the measurement of a
respective heating element’s resistance according to an embodiment of
the present invention. According to the circuit diagram, a voltage divider is
used in the form of an indirect resistance measurement circuit (4) so as to
perform measurement of the heating element’s resistance, by which a

shunt resistance (3) is employed in series with the heating element.
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Alternatively, instead of passing current over a shunt resistance,
resistance can be measured by means of a direct resistance measurement
circuit (5), in which the conductive oxide coating resistance’s (2) terminals
are disconnected from the power supply by means of respective relays (7).
According to the present invention, the indirect resistance measurement
can also performed by way of using temperature sensors and by
measuring the heating element’s temperature as well as the ambient
temperature in the electrical oven and by monitoring the change rate in the
measured values over time. The obtained change rate can be compared to
a preloaded reference data set, and a correlation can be made to calculate
an estimated resistance value. The reference data set can optionally
include voltage data in respect of a given temperature and the change in
the measured temperature values over time can also be compared to
preloaded voltage data and actual voltage data so that an estimated
resistance value is obtained. A control block (8) incorporating a
microprocessor can perform the operational steps of the system such that
the electrical oven is operable under a constant power rate.

Power regulation according to the invention can be realized by way of
using a triac so that the duty cycle of the voltage waveform powering the
heating element can be adjusted by triggering the switch at different
voltage points. The RMS power delivered to the load is hence effectively
controllable. Typically, an optocoupler module chip is used to isolate the
high voltage triac from the logic circuits. As the specific aspects and
functioning of the power regulation circuit is extensively known to the
person skilled in the art, no further detail will be described herein. The
control block (8) conventionally incorporates a triac driving block as well as
circuit blocks in electrical communication with said resistance
measurement circuits (4, 5).

In a nutshell, the present invention proposes an electrical oven having a
food processing chamber accessible via a front door and a plurality of
planar walls enclosing said food processing chamber, said plurality of
planar walls having at least one conductive oxide coating heating element

effecting heating of food items in said food processing chamber.
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The electrical oven further comprises a heating coating power circuit (1)
delivering power to said at least one conductive oxide coating heating
element having a conductive oxide coating resistance (2), said heating
coating power circuit (1) comprising a voltage regulation circuit (6) and a
resistance measurement circuit (4, 5).

According to an embodiment of the present invention, said conductive
oxide coating heating element preferably comprises indium oxide, zinc
oxide or tin oxide layers and more preferably an iridium tin oxide layer.

In an embodiment of the invention, said indirect resistance measurement
circuit (4) performing measurement of conductive oxide coating resistance
(2) comprises a voltage divider with a shunt resistance (3) in series with
said conductive oxide coating resistance (2).

In a further embodiment of the invention, said direct resistance
measurement circuit (5) performs measurement of conductive oxide
coating resistance (2) by which the conductive oxide coating resistance’s
(2) terminals are disconnected from the power supply by means of
respective relays (7).

In a still further embodiment of the invention, said electrical oven
comprises temperature sensors measuring ambient temperature in the
electrical oven as well as temperature of said conductive oxide coating
resistance (2) upon which change rate in the measured values over time is
compared to a preloaded reference data set so that an estimated
resistance value is obtained. Said preloaded reference data set may
include voltage data in respect of a given temperature and the change rate
in the measured temperature values over time can be compared to said
preloaded voltage data and actual voltage data so that an estimated
resistance value is obtainable.

In a yet still further embodiment of the invention, said voltage regulation
circuit (6) comprises a triac the duty cycle of which is adjusted, by which
the RMS power delivered to the conductive oxide coating resistance (2) is
controlled.

In this regard, the present invention provides a simple circuit solution in

terms of the number of the involved circuit elements and their functional
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complexity, by which a conductive oxide material based heating coating is
supplied with electrical energy such that the time-dependant change in the

ohmic resistivity of the conductive oxide material is compensated.
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Claims

1.

An electrical oven having a food processing chamber accessible via a front
door and a plurality of planar walls enclosing said food processing chamber,
said plurality of planar walls having at least one conductive oxide coating
heating element effecting heating of food items in said food processing
chamber characterized in that,

said electrical oven further comprises a heating coating power circuit (1)
delivering power to said at least one conductive oxide coating heating element
having a conductive oxide coating resistance (2), said heating coating power
circuit (1) comprising a voltage regulation circuit (6) and a resistance
measurement circuit (4, 5).

An electrical oven as in Claim 1, characterized in that said conductive oxide
coating heating element comprises indium oxide, zinc oxide or tin oxide layers.
An electrical oven as in Claim 1, characterized in that said conductive oxide
coating heating element comprises an iridium tin oxide layer.

An electrical oven as in Claim 1, 2 or 3 characterized in that said resistance
measurement circuit (4) performing measurement of conductive oxide coating
resistance (2) comprises a voltage divider with a shunt resistance (3) in series
with said conductive oxide coating resistance (2).

An electrical oven as in Claim 1, 2 or 3 characterized in that said resistance
measurement circuit (5) performs measurement of conductive oxide coating
resistance (2) by which the conductive oxide coating resistance’s (2) terminals
are disconnected from the power supply by means of relays (7).

An electrical oven as in Claim 1, 2 or 3 characterized in that said electrical
oven comprises temperature sensors measuring ambient temperature in the
electrical oven as well as temperature of said conductive oxide coating
resistance (2), upon which change rate in the measured values over time is
compared to a preloaded reference data set so that an estimated resistance
value is obtained.

An electrical oven as in Claim 6 characterized in that said preloaded reference
data set include voltage data in respect of a given temperature and the change
rate in the measured temperature values over time is compared to said

preloaded voltage data and actual voltage data so that an estimated resistance
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value is obtained.

8. An electrical oven as in any preceding Claim characterized in that said voltage
regulation circuit (6) comprises a triac, duty cycle of which is adjusted, by
which the RMS power delivered to the conductive oxide coating resistance (2)

is controlled.
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Fig. 1

Fig. 2
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Fig. 3
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Fig. 4
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