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(57) Abstract: A hair iron according to one example embodiment includes a first arm and a second arm movable relative to each other
between an open position and a closed position. A contact surface is positioned on an exterior of the first arm for contacting hair during
use. The hair iron includes a heater having a ceramic substrate and an electrical resistor material thick film printed on a surface of the
ceramic substrate. The heater generates heat by applying an electric current to the electrical resistor material. The heater is positioned
to supply heat to the contact surface.

[Continued on next page]



CA 03127690 2021-07-22

WO 2020/163555 A1 |11 )00 00 0000000 00O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

CA 03127690 2021-07-22

WO 2020/163555 PCT/US2020/016926

HAIR IRON HAVING A CERAMIC HEATER

BACKGROUND

(G661 1. Field of the Ensclosure

[66G2] The present disclosure relates to a hair iron having a ceramic heater,

66G3] 2. Description of the Related Art

[6G04] Many conventional hair irons, such as flat irons, straightening irons, curling

irons, crimping irons, ete., suffer from heat lag, which results in an inconvenient amount of
tirne o heat the hair iron for use and to cool the hair iron after use. Prior 1o use, a user must
wail for the device fo heat to an effective temperature.  After use, the user may need to wait
for the device 1o cool to a safe temperature before storing the device. Because of the
relatively long warmup and cooldown times, users often set hair irons on a countertop or the
like during heating and cooling. This creates a safety risk to the user and to others, espeaially
children, who may accidentally contact a hot device or who may not recognize that the device
is powered on or not vet cooled. Additional safety risks arise when a hair iron is accidentally

teft powered on.

[B00S] Prior art hair irons are divided info two main classes: wire heaters and
ceranuc heaters. Both classes of hair irons generate heat by passing an electrical current
through a resistive element {either a wire resistor or a resistor positioned beiween layers of a
ceramic substrate). Both classes of hair irons include, by necessity, substantial thermal mass
leadimg to long warmup and cooldown times. For example, some wire heaters include
nichrome wire potted with ceramic cement {for electrical msulation) and placed within cast
alominum. Other wire heaters include nichrome wire wound with an electrically insulative
material that surrounds the mside and outside of the winding, and the insulated winding
positioned within a steel or aluminum tube {or other formed metal piece), which forms the
contact surface that contacts the user’s hair during use. Both of these types of wire heater
assernblies suffer from long warmup and cooldown times due to high thermal mass provided

by the electrical isulation materials and the relatively large metal components.

6606] Conventional ceramuc heaters tvpically include electrically resistive and
conductive traces printed on a “green state” (unfired) ceramic substrate. Afier printing,
multiple sheets of the substrate are brought together with the printed resistive and conductive

traces positioned internally (e, between ceramic subsirate lavers), and the combined
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materials are fired to form the ceramic heater. The ceramic substrate shrinks significantly
during firing (as much as 10-13%) resulting i a nov-uniform patiemn of resistive and
conductive traces. The ceramic heater is then fitted with one or more coated pieces of metal,
which form the contact surface that contacts the user’s hair during use. The ceramic substrate
surrounding the resistive and conductive traces and the additional metal piece combine {o

provide relatively ligh thermal mass and, as a result, Jong warroup and cooldown times.

[GGO7] Accordingly, a hair iron having a heater with improvead thermal efficiency is
desired.

SUMMARY

{6608 A hair tron according to one example embodiment includes a fisstarm and a

second arm movable relative 1o each other between an open position and a closed position. A
distal segment of the first arm is spaced from a distal segment of the second arm in the open
posttion. The distal segment of the first arm is positioned in close proximity to the distal
segment of the second arm in the closed position. A contact surface is positioned on an
exterior, such as an exterior of the distal segment, of the first arm for contacting hair during
use. The first arm includes a heater having a ceramic substrate and an electrically resistive
trace on the ceramic substrate, e.g., on an exterior face of the ceramic substrate. The
electrically resistive trace 1 composed of an electncal resistor matenial. In some
embodiments, the electrically resistive trace includes the electrical resistor material thick film
printed on the exterior face of the ceramic substrate after firing of the ceramic subsirate. The
heater is positioned to supply heat generated by applying an electric current to the elecirically

resistive trace to the contact surface.

[LHER In some embodiments, the elecirically resistive frace 1s positioned on an inner

face of the ceramic substrate that faces away from the second arm in the closed position.

[6616] Embodiments include those wherein the heater inchudes one or more glass
lavers on the exterior {ace of the ceramic substrate that cover the electrically resistive trace

for electrically insulating the electrically resistive {race.

6611 Embodiments include those wherein the heater includes a thermisior that is
posttioned on the ceramic substrate and in electrical communication with control circuttry of
the heater for providing feedback regarding the temperature of the heater to the control
circutiry of the heater. In some embodiments, the thermistor is positioned on an mnner face of

the ceramic subsirate that faces away from the second arm in the closed position.
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{6612} Some embodiments include a sleeve covering an outer face of the heater that

faces toward the second arm in the closed position. A portion of the sleeve forms the contact
surface. In some embodiments, the sleeve is composed of a thin filim of thermally conductive
and electrically insulative material. In some embodiments, the sleeve is composed of at least

one of a filled or unfilled polyvinude.

6813 Embodiments include those wherem the heater is mounted fo a heaier housing
that 1s positioned on the arm. The heater housing 1s composed of a plastic material having a
maximum service temperature of af least 200 degrees Celsius.

BRIEF DESCRIPTION OF THE DRAWINGS

16614} The accompanving drawings mcorporaied in and forming a part of the
specification tlustrate several aspects of the present disclosure and together with the
description serve 1o explain the principles of the present disclosure.

j6G15] Figure 1 is a perspective view of a hair iron having arms in an open position
according to one example embodiment.

(0816} Figure 2 is a perspective view of the hair iron shown in Figure 1 with the arms
in a closed position.

{6617} Figure 3 is an exploded perspective view of a heater assembly of the hair iron
according to a first example embodiment.

16618 Figures 4A and 4B are plan views of an mner face and an outer face,
respectively, of a heater of the heater assembly shown in Figure 3.

6619] Figure 5 is a cross-sectional view of the heater shown in Figures 4A and 4B
taken along line 5-5 in Figure 4A.

(6828} Figure 6 i3 an exploded perspective view of a heater assernbly of the hair iron
according 1o a second example embodiment.

6621 Figure 7 is a plan view of an inner face of a heater of the heater assembly
shown in Figure 6.

6622} Figure 8 1s a plan view of an outer face of a healer according to a third

example embodiment.
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DETAILED DESCRIPTION
16623} In the following description, reference is made to the accompanying drawings

where like numerals represent like elements. The embodiments are described n sufficient
detail to enable those skilled in the art to practice the present disclosure. ftisto be
wnderstood that other embodiments may be utilized and that process, electrical, and
mecharucal changes, etc, may be made without departing from the scope of the present
disclosure. Examples merely typify possible variations. Portions and features of some
embodiments may be included in or substituted for those of others. The foliowing
description, therefore, 1s not to be taken in a himiting sense and the scope of the present

disclosure 15 defined only by the appended claims and their equivalents.

6624] Referring now to the drawings and particularly to Figures 1 and 2, a hair iton
100 1s shown according to one example embodiment. Hair iron 100 may inchude an
appliance such as a flat iron, straightening iron, corling wron, crimping won, or other simnlar
device that apphies heat and pressure {o a user’s hair in order to change the structure or
appearance of the user’s hair. Hair iron 100 includes a housing 102 that forms the overall
support structure of hair tron 100, Housing 102 may be composed of, for example, a plastic
that 15 thermally msulative and electrically insulative and that possesses relatively high heat
resistivity and dimensional stability and low thermal mass. Example plastics include
polybutylene terephthalate (PBT) plastics, polvcarbonate/acrylonitrile butadiene styrene
(PC/ABS) plastics, polvethylene terephthalate (PET) plastics, including glass-{illed versions
of each. In addition to formang the overall support structure of hair iron 100, housing 102
also provides electrical insulation and thermal insulation in order to provide a safe surface for

the user to contact and hold during operation of hatr iron 100

[6625] Hair iron 100 includes a pair of arms 104, 106 that are movable between an
open position shown in Figure 1 where distal segments 108, 110 of arros 104, 106 are spaced
apart from each other and a closed position shown in Figure 2 where distal segments 108, 110
of arms 104, 106 are in contact, or close proximity {e.g., within a few millimeters or less,
mcluding in contact), with each other. For example, in the embodiment illusirated, arros 104,
106 are pivotable relative 1o each other about a pivot axis 112 batween the open position and
the closed position. Hair iron 100 may include a bias member (not shown}, such as one or
more springs, that biases one or both of arms 104, 106 toward the open posttion such that
user actuation is required to overcoroe the bias applied to arms 104, 106 to bring arms 104,

106 together to the closed position.
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{0626} Hair iron 100 includes a heater positioned on an inner side 114, 116 of ong or
both of arms 104, 105, Inner sides 114, 116 of arms 104, 106 mclude the portions of arms
104, 106 that face each other when arms 104, 106 are in the closed position shown in Figure
2. In the example embodiment tllusirated, each arm 104, 106 includes a respective heater
130, 132 positioned on or within the arm 104, 106, Heaters 130, 132 supply heat to
respective conlact surfaces 118, 120 on arms 104, 106, Each comtact surface 118, 12015
positioned on inner side 114, 116 of distal segment 108, 110 of the corresponding arm 104,
106. Contact surfaces 118, 120 may be formed directly by a surface of each heater 130, 132
or formed by a matenal covering each heater 130, 132, such as a shield or sleeve. Contact
surfaces 118, 120 are positioned to directly contact and transfer heat to a user’s hair upon the
user positioning a portion of his or her hair between arms 104, 106 and positioning arms 104,
106 in the closed position. Contact surfaces 118, 120 are posttioned {o mate against one
another in arelatively flat onentation when arms 104, 106 are in the closed position in order

to maximize the surface area avatlable for contacting the user’s hair.

{6627} Hair iron 100 includes control circuitry 122 configured {o control the
temperature of each heater 130, 132 by selectively opening or closing a circuit supplving
electrical current 1o resistors of each heater 130, 132 (shown schematically in Figure 2).
Where hair iron 100 includes two heaters 130, 132, control circuitry 122 may be configured
to control each heater 130, 132 independently or to control both heaters 130, 132 jointly.
Open loop or, preferably, closed loop control may be utilized as desired. Control circuitry
122 may meclude a microprocessor, a microcontroller, an application-specific integrated
circuit, and/or other form of integrated circuit. In the embodiment illustrated, hair iron 10¢
mchudes a power cord 124 for connecting hair wron 100 to an external voltage source 126, In

other embodiments, hair iron 100 may nclude an internal battery as desired.

10628] Figure 3 shows an example heater assembly 140 that includes heater 130 and a
sleeve 134 for use on arm 104, A substantially identical heater assembly including heater
132 and corresponding sleeve may be used on arm 106, Heater assembly 140 includes heater
130, sleeve 134 and a heater housing 142, Heater 130 15 mounted to heater housing 142 with
heater housing 142 physically supporting heater 130. Heater housing 142 is, in tirn, mounted
to a portion of housing 102 within arm 104, In the embodiment Hustrated, heater housing
142 includes a first housing portion 142a and a second housing portion 142b. Heater 13015
mounted to first housing portion 142a. Fasteners (not shown}, such as screws, mount second

housing portion 142b {o first housing portion 142a and to housing 102, Heater housing 142
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may be composed of, for example, a plastic that is thermally insulative and electrically
msulative and that possesses relatively high heat resistivity and dimensional stability and low
thermal mass. Due to the proximity to heater 130, heater housing 142 is preferablv composed
of a plastic capable of resisting thermal degradation and maintaining sufficient strength and
stiffness at high temperatures, including plastics having a maximoum service lemperature of
200 degrees Celsius or more. Example plastics include hiquad erystal polymer (LCP) plastics,
polyether ether ketone (PEEK) plastics and polyphenylene sulfide (PPS) plastics, including

glass-filled versions of each.

[6629] Heater 130 includes an outer face 150 that 15 exposed from and {aces away
fromo heater housing 142 as shown in Figure 3. Heater 130 includes an inver face 151 that is
postiioned proximate to an interior portion of heater housing 142, for example, between first
housing portion 142a and second housing portion 142b as shown i Figure 3. When arms
104, 106 are in the closed position, outer face 150 faces toward opposite arm 106 and inner
face 151 faces away from oppostte arm 106, As discussed above, in some embodiments,
outer face 150 of heater 130 forms contact swrface 118, In other embodiments, such ags the
example embodiment shown in Figure 3, sleeve 134 15 positioned against outer face 150 of
heater 130 and forms contact surface 118, In the erubodument tlustrated, sleeve 134 wraps
around heater housing 142 and covers outer face 150 of heater 130, Sleeve 134 15 positioned
in contact with, or in close proximuty o, outer face 150 of heater 130 in order to transfer heat
from outer face 150 of heater 130 to the user’s hair during use. Sleeve 134 15 composed of a
thin film {e.g, less than 0.1 mm thick) material. In one embodiment, sleeve 134 is composed
of a thermally conductive and electrically msulative material, such as boron nitride filled
polvimide. The thermal conductivity and relative thinness of sleeve 134 result in a relatively
low thermal moass, which reduces the amount of time required fo heat and cool sleeve 134, In
other embodiments, e g, where decreased thermal conductivity 1s acceptable, sleeve 134 may
be composed of unfilled polyinmde. In other embodiments, e g., where electrical conductivity
1s accepiable, sleeve 134 may be composed of graphite filled polvimude. Slesve 134 aids in
protecting heater 130 from damage and also provides a relatively low friction contact surface

118 during use.

{0636} Figures 4A and 4B show heater 130 removed from heater housing 142, Figure
4A shows mner tace 151 of heater 130, and Figure 4B shows outer face 150 of heater 130
Heater 132 may be substantially identical to heater 130. In the embodiment illustrated, outer

face 150 and inner face 151 are bordered by fowr sides or edges 152, 153, 154, 155 each
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having a smaller surface area than outer face 150 and mner face 151, In this embodiment,
heater 130 includes a longitudinal dimension 136 that extends from edge 152 1o edge 153 and
a lateral dimension 137 that extends from edge 154 to edge 155 Heater 130 also includes an

overall thickness 158 (Fig. 5) measured from outer face 150 to inner face 151

6631 Heater 130 includes one or more layers of a ceramic substrate 160, such as
aluminum oxide {e.g., conmmercially available 96% aluminum oxide ceranuc). Where heater
130 includes a single layer of ceramic substrate 160, a thickness of ceramic substrate 160
may range from. for example, 0.5 mm o 1.5 mm, such as 1.0 mm. Where heater 130
mechudes multiple lavers of ceramic substrate 160, each layer may have a thickness ranging
from, for example, 0.5 mm 1o 1.0 mom, such as 0.635 mm. In some embodiments, a length of
ceramic substrate along longitudinal dimension 156 may range from, for example, 40 mm to
120 rom. In some embodimentis, a width of ceramic substrale 160 along lateral dimension
157 roay range froro, for exarople, 15 rom to 24 vom, such as 17 mom or 22.2 ram. Ceranue
substrate 160 mcludes an outer face 162 that 1s oriented toward outer face 150 of heater 130
and an inner face 163 that 15 oriented toward mner face 151 of heater 13¢. Quter face 162
and inner face 163 of ceramic substrate 160 are positioned on exterior portions of ceramic
substrate 160 such that if more than one layer of cerarnic substrate 160 1s used, outer face 162
and inner face 163 are positioned on opposed external faces of the ceramic substrate 160

rather than on interior or intermediate layers of ceramic substraie 160

[3832] In the example embodiment illustrated, outer face 150 of heater 130 is formed
by outer face 162 of ceranuc substrate 160 as shown in Figure 4B, In this embodiment, inner
face 163 of ceranmic substrate 160 includes a sertes of one or more electrically registive traces
164 and electrically conductive traces 166 positioned thergon. Resistive traces 164 mclude a
suitable electrical resistor material such as, for exarople, silver palladium (e g., blended 70/30
silver palladium). Conductive traces 166 include a suitable electrical conductor material such
as, for example, silver platinum. In the embodiment illusirated, resistive traces 164 and
conductive traces 166 are applied to ceramic substrate 160 by way of thick film printing. For
exarmple, resistive traces 164 may melude a resisior paste having a thuckness of 10-13
microns when applied to ceramic substrate 160, and conductive traces 166 may include a
conductor paste having a thickness of 9-15 microns when applied to ceramic substraie 160.
Resistive traces 164 form the heating elemernt of heater 130 and conductive traces 166
provide electrical connections 1o and between registive traces 164 in order to supply an

electrical current to each resistive trace 164 1o generate heat.
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[6G33] In the example embodiment illustrated, heater 130 includes a pair of resistive
traces 164a, 164b that extend substantially parallel to each other (and substantially parallel to
edges 154, 155} along longitudinal dimension 156 of heater 130, Heater 130 also includes a
patr of conductive traces 166a, 166b that each form a respective terminal 168a, 168b of
heater 130. Cables or wires 170a, 170b are connected (o terpnnals 1683, 168b in order {0
electrically connect resistive traces 164 and conductive traces 166 1o, for example, control
circuitry 122 and voltage source 126 in order to selectively close the circuit formed by
resistive traces 164 and conductive traces 166 {o generate heat. Conductive trace 166a
directly contacts resistive trace 164a, and conductive trace 166b directly contacts resistive
trace 164b. Conductive traces 166a, 166h are both positioned adjacent to edge 152 m the
example embodiment illustrated, but conductive tfraces 166a, 166b may be positioned in other
surtable locations on ceranuc substrate 160 as desired. In thus embodiment, heater 130
meludes a third conductive trace 166¢ that electnically connects resistive trace 164ato
resistive trace 164b. Poriions of resistive traces 164a, 164b obscured beneath conductive
fraces 166a, 166b, 166¢ in Figure 4A are shown in dotied line. In this embodiment, current
mput to heater 130 at, for example, ternunal 168a by way of conductive irace 166a passes
through, in order, resistive trace 164a, conductive trace 166¢, resistive frace 164b, and
conductive trace 164b where i is output from heater 130 at terminal 168b. Current inpui (o

heater 130 at terminal 168b travels in reverse along the same path.

3334} In some embodiments, heater 130 inchudes a thermustor 172 positionad i
close proximity to a surface of heater 130 n order to provide feedback regarding the
temperatire of heater 130 to control circuitry 122, In some embodiments, thermistor 172 is
positioned on inner face 163 of ceramic subsirate 160, Tn the exarnple embodiment
iHustrated, thermistor 172 is welded directly to mner face 163 of ceramic substrate 160, In
this embodiment, heater 130 also includes a pair of conductive fraces 174a, 174b that are
gach elecincally connected to a respective terminal of thermistor 172 and that each form a
respective termunal 176a, 176b. Cables or wires 178a, 178b are connected (o terminals 1764,
176b i order to electrically connect thermustor 172 to, for example, control curcuitry 122 in
order to provide closed loop control of heater 130, In the embodiment ilustrated, thermistor
172 15 positioned at a central location of inner {ace 163 of ceramic substrate 160, between
resistive traces 164a, 164b and roidway from edge 152 to edge 153 In thas emnbodirnent,
conductive traces 174a, 174b are also positioned between resistive traces 164a, 164b with

conductive trace 174a positionad toward edge 152 from thermistor 172 and conductive irace
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174b positioned toward edge 153 from thernmustor 172, However, thermistor 172 and its
corresponding conductive traces 174a, 174b may be positioned in other suitable locations on
erarmic substrate 160 so long as they do not interfere with the positioning of resistive traces

164 and conductive traces 166.

3235] Figure 5 is a cross-sectional view of heater 130 taken along line 5-5 in Figure
4A. With reference to Figures 4 A, 4B and 3, in the embodiment illustrated, heater 130
includes one or more layers of printed glass 180 on inner face 163 of ceramic substrate 160
In the embodiment illustrated, glass 180 covers resistive traces 164a, 164b, conductive irace
166¢, and portions of conductive traces 166a, 166b in order to elecinically imsulate such
features to prevent electric shock or arcing. The borders of glass laver 180 are shown 1o
dashed line in Figwre 4A. In this embodiment, glass 180 does not cover thermistor 172 or
conductive traces 174a, 174b because the relatively low voltage applied to such features
presents a lower risk of electric shock or arcing. Ao overall thickness of glass 180 may range
from, for example, 70-80 nucrons. Figure 5 shows glass 180 covering resistive traces 104a,
164b and adiacent portions of ceramic substrate 160 such that glass 180 forms the majority of
fner face 151 of heater 130, Guter face 162 of ceramic subsirate 160 is shown forming outer
face 150 of heater 130 as discussed above. Conductive trace 166¢, which is obscursd from
view in Figure 3 by portions of glass 180, is shown in dotted line. Figure 5 depicts a single
faver of ceramic substrate 160. However, ceramic substrate 160 may include muitiple lavers

as depicted by dashed line 182 in Figure S,

(3336} Heater 130 may be constructed by way of thick film primting. For exarople, in
one embodiment, resistive fraces 164 are printed on fired (not green state) ceramic substrate
160, which includes selectively applying a pasie containing resistor maierial to ceramic
substrate 160 through a patterned roesh screen with a squeegee or the Iike. The printed
resistor is then allowed fo seitle on ceramic substrate 160 at room temperature. The ceramic
substrate 160 having the printed resistor is then heated at, for example, approximately 140-
160 degrees Celstus for a total of approximately 30 munutes, including approximately 10-15
minutes at peak temperature and the remaining time raroping up to and down from the peak
temperature, in order to dry the resisior paste and fo temporarily fix resistive traces 164 in
position. The ceramic substrate 160 having temporary resistive traces 164 is then heated at,
for example, approximately 850 degrees Celsius for a total of approxiraately one hour,
including approximately 10 minutes at peak temperature and the remaining time ramping up

to and down from the peak temperature, in order to permanently fix resistive traces 164 in
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position. Conductive traces 166 and 1744, 174b are then printed on ceramic substrate 160,
which mcludes selectively applving a paste containing conductor matenial in the saroe manner
as the resistor matenial. The ceramic substrate 160 having the printed resistor and conductor
is then allowed to settle, dried and fired in the same manner as discussed above with respect
to resistive traces 164 i order to permanently fix conductive traces 166 and 174a, 174b in
posttion. Glass layer{s) 180 are then privited in substantially the same manner as the resistors
and conductors, including allowing the glass laver{s) 180 to settle as well as drving and firing
the glass layer{s} 180. In one embodiment, glass laver(s} 180 are fired at a peak temperature
of approsamately 810 degrees Celsius, slightly ower than the resistors and conductors.
Thermistor 172 is then mounted to ceramic substrate 160 in a finishing operation with the

terminals of thermistor 172 directly welded to conductive iraces 174a, 174b.

(68371 Thick film printing resisfive traces 164 and conductive traces 166 on fired
ceranuc substrate 160 provides more uniform resistive and conduchive fraces in comparison
with conventional ceramic heaters, which include resistive and conductive traces printed on
green state ceramic. The improved uniformuty of resistive traces 164 and conductive traces
166 provides more uniform heating across contact sirface 113 as well as more predictable

heating of heater 130.

6638] Preferably, heaters 130 are produced in an array for cost efficiency. Heaters
130 are separated into individual heaters 130 after the construction of all heaters 130 s
completed, including firing of all components and any applicable fimushing operations. In
some embodiments, radividual heaters 130 are separated frovo the arrayv by way of fiber laser
seribing. Fiber laser scribing tends to provide a more uniform singulation swrface having
fewer microcracks along the separated edge in comparison with conventional carbon dioxide

laser scribing.

16639} While the example erobodirnent illustrated in Figures 3-5 includes resistive
traces 164 and thermistor 172 positioned on inner face 163 of ceramic substrate 160, in other
embodiments, resistive iraces 164 and/or thermistor 172 may be positioned on outer face 162
of ceramic substrate 160 along with corresponding conductive traces as needed to establish
electrical connections thereto. Glass 180 may cover the resistive traces and conductive fraces
on outer face 162 and/or inner face 163 of ceramic substrate 160 as desired in order (o

electrically insulate such features.
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6046 Figures 6 and 7 show a heater assembly 1140 suitable for use with hair iron
100 according to another example embodiment. With reference to Figure 6, heater assembly
1140 includes a heater 1130 mounted to a heater housing 1142 similar to heater 130 and
heater housing 142 discussed above. Heater 1130 includes an owter face 1150 that 1s exposed
from and faces away from heater housing 1142 and an inner face 1151 that 13 positioned
proximate to an internior portion of heater housing 1142 as discussed above. Heater assembly
1140 also includes a sleeve 1134, simular to sleeve 134 discussed above, that covers heater
1130,

[6641] Heater 1130 inchudes one or more layers of ceramic substraie 1160 as
discussed above. Ceramic subsirate 1160 includes an outer face 1162 that 15 oriented toward
outer face 1150 of heater 1130 and an inner face 1163 that 1s oriented toward inner face 1151
of heater 1130, In contrast with the embodiment shown n Figures 3-5, in the example
embodiment Ulustrated in Figures 6 and 7, electrically resistive traces 1164 and electnically
conductive fraces 1166 are positioned on outer face 1162 of ceramic substrate 1160, rather
than inner face 1163, Resistive traces 1164 and conductive fraces 1166 may be applied by

way of thick film printing as discussed above.

16642} As shown in Figure 6, 1o the example embodiment illustrated, heater 1130
includes a pair of resistive traces 1164a, 1164b on owter face 1162 of a ceramic substrate
1160. Resistive traces 1164a, 1164b extend substaniially parallel to each other along a
tongitudinal dimension 1156 of heater 1130, Heater 1130 also includes three conduoctive
traces 1166a, 1166b, 1166¢ posttioned on outer face 1162 of ceranuc substrate 1160,
Conductive trace 1 166a directly contacts resistive trace 1164a, and conductive trace 1166b
directly contacts resistive trace 1164b. Conductive traces 1166a, 1166b are both positioned
adjacent to a coramon edge of cerarc substrate 1160 1o the exarople embodiment illustrated.
Conductive trace 1166¢ is positioned adiacent 1o an opposite edge of ceramic substrate 1160
{relative to conductive traces 1166a, 1166b) and electrically connects resistive trace 1164a to
resistive trace 1164b. Portions of resistive traces 11644, 1164b obscured beneaih conduciive

traces 1166a, 1166b, 1166¢ in Figure 6 are shown in dotted line.

[GG43] In the embodiment illustrated, heater 1130 includes a pair of vias 1190a,
1190b that are formed as through-holes substantially filled with conductive material
extending through ceramic substraie 1160 from outer face 1162 1o inner face 1163, Vias
1190a, 1190b electrically connect conductive traces 11664, 1166b to corresponding

conductive traces on mnner face 1163 of ceramic substrate 1160 as discussed below,
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{6044 In the embodiment illustrated, heater 1130 includes one or more layers of
privted glass 1180 ou outer face 1162 of ceranuc substrate 1160, In the embodiment
ihustrated, glass 1180 covers resistive fraces 1164a, 1164b and conductive traces 1166a,
1116b, 1166¢ i order to electrically insulate these featiwes. The borders of glass layer 1180

are shown in dashed line in Figure 6.

[B045] Figure 7 shows inner face 1151 of heater 1130 according to one example
embodiment. In this embodiment, heater 1130 includes a pair of conductive traces 1192a,
1192b positioned on inner face 1163 of ceramic substrate 1160 that that each form a
respective lerminal 1168a, 1168b of heater 1130, Each conductive trace 11923, 1192bon
mner face 1163 of ceranuc substrate 1160 1s electrically connected o a respective conductive
trace 1166a, 1166h on outer face 1162 of ceramic substrate 1160 by a respective via 1190a,
1190b. Cables or wires 11702, 1170b are connected (o {e.g., directly welded to) terminals
1168a, 1168b 1n order to supply current 1o resistive traces 1 164a, 1164b to geverate heat. To
this embodiment, current input to heater 1130 at, for example, terminal 1168a by way of
conductive trace 1192a passes through, i order, via 11%0a, conductive trace 11664, resistive
frace 1164a, conductive trace 1166¢, resistive trace 1164b, conductive trace 1164b, via 1190b
and conduchive trace 1192b where it 1s output from heater 1130 at terminal 1 168b. Current

input to heater 1130 at terminal 1168b travels in reverse along the same path.

j3046] in the example embodiment illusirated, heater 1130 includes a thermistor 1172
posttioned in close proximity to inner face 1163 of ceramic substrate 1160 in order to provide
feedback regarding the temperature of heater 11390 to control circuriry 122, In this
embodiment, thermistor 1172 1s not directly attached to ceranmic substrate 1160 but 15 instead
held against inner face 1163 of ceramic substrate 1160 by a mounting clip (not shown} or
other form of fixture or aftachment mechamsm. Cables or wires 1178a, 1178b are connecte
to {e.g., diractly welded to) respective termimals of thermistor 1172 in order to electrnically
connect thermistor 1172 to, for example, conirol circuttry 122, Of course, thermistor 1172 of
heater 1130 may altematively be directly welded to ceramic substrate 1160 as discussed
above with respect to thermusior 172 of heater 130, Sinularly, thermistor 172 of heater 130
may be held against ceramic substrate 160 by a fixture instead of directly welded to ceramic

subsirate 160.

[6G47] In the example embodiment Hustrated, heater 1130 also includes a thermal
cutoff 1194, such as a bi-metal thermal cutoft, posiioned on mner face 1163 of ceramc

substrate 1160. Cables or wires 1196a, 1196b are connected to respective terminals of
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thermal cutoff 1194 in order to provide electrical connections {o thermal cutoff 1194
Thermal cutoff 1194 15 elecinically connected in series with the heating circuit formed by
resistive traces 1164 and conductive traces 1166 permitting thermal cutoff 1194 to open the
heating circuit formed by resistive traces 1164 and conductive traces 1166 upon detection by
thermal cutoff 1194 of a temperature that exceeds a predetermined amowunt. In this manner,
thermal cutoff 1194 provides additional safety by preventing overheating of heater 1130, Of

course, heater 130 discussed above may also include a thermal cutoff as desired.

[6048] While not iHustrated, 1t will be appreciated that inner face 1163 of ceramic
substrate 1160 may inclade one or more glass lavers in order to electrically insulate portions

of inner face 1151 of heater 1130 as desired.

[630349] Figure 8 shows a heater 2130 suitable for use with hair iron 100 according to
another example embodiment. Figure 8 shows an outer face 2150 of heater 2130, In one
embodiment, an inner face of heater 2130 13 substantially the same as inner face 1151 of
heater 1130 shown in Frigure 7. Heater 2130 includes one or more lavers of a ceramic
substrate 2160 as discussed above. Figure & shows an outer face 2162 of ceramic subsirate

2160,

[GG5G] In the example embodiment Hustrated, heater 2130 mnclodes a single resistive
trace 2164 on outer face 2162 of ceramic substrate 2160, Resistive trace 2164 extends along
a fongitudinal dimension 2156 of heater 2130, Heater 2130 also includes a pair of conductive
traces 2166a, 2166b positioned on ouler face 2162 of ceramic subsirate 2160, Fach
conductive trace 2166a, 2166b directly contacts a respective end of resistive trace 2164,
Conductive trace 2166a contacts resistive trace 2164 near a tirst longitudinal edge 2152 of
heater 2130, Conductive trace 21661 contacts resistive trace 2164 near a second longitudinal
edge 2153 of heater 2130 and extends from the point of contact with resistive trace 2164 to a
pasition next to conductive trace 2166a. Portions of resistive trace 2164 obscured beneath

conductive traces 2166a, 2166b 1n Figure & are shown in dotied line,

{EES ! in the embodiment illustrated, heater 2130 includes a pair of vias 2190a,
2190b that are formed as through-holes substantially filled with condoctive material
extending through ceramic substrate 2160 as discussed above with respect to heater 1130.
Vias 2190a, 2190b electrically connect conductive traces 2166a, 2166b to corresponding

conductive traces on the inner face of ceramic subsiraie 2160 as discussed above.
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[6652] In the embodiment illustrated, heater 2130 includes one or more layers of
privted glass 2180 ov outer face 2162 of ceranuc substrate 2160, Glass 2180 covers resistive
trace 2164 and conductive traces 2166a, 2166b in order to electrically insulate these features

as discussed above. The borders of glass layer 2180 are shown in dashed line in Figure 8.

{HESK]! it will appreciated that the example embodiments illustrated and discussed
above are not exhaustive and that the heater of the present disclosure may include resistive
and conductive traces in many different geometrias, including resistive traces on the outer
face and/or the inner face of the heater, as desired. Other components {e.g., a thermisior}

may be positioned on etther the outer face or the inner face of the heater as desired.

16054} The present disclosure provides a ceranuc heater having a low thermal mass 1o
comparison with the heaters of conventional hair irons. In particular, thick film printed
resistive traces on an exterior face {outer or inner} of the ceramic substrate provides reduced
thermal mass in comparison with resistive traces positioned internally between multiple
sheets of ceramic. The use of a than film, thermally conductive sleeve, such as a polyinude
sleave) also provides reduced thermal mass in comparison with metal holders, guides, etc.
The fow thermal mass of the ceramic heater of the present disclosure allows the heater, in
some embodiments, to heat to an effective temperature for use in a maiter of seconds {e.g..
fess than 5 seconds), significantly faster than conventional hair irons. The low thermal mass
of the ceramic heater of the present disclosure aiso allows the heater, in some embodiments,
to cool 1o a sale temperature after use in a matier of seconds {e.g., less than 5 seconds), agam,

significantly faster than conventional hait irons.

[[LEG]! Further, embodiments of the hair iron of the present disclosure operate at a
more precise and more uniform temperature than conventional hair irons because of the
closed loop temperature control provided by the thermistor in combination with the relatively
wniform thick filro printed resistive and conductive traces. The low thermal roass of the
ceramic heater and improved temperature control permit greater energy efficiency in
comparison with conventional hair irons. The rapid warmup and cooldown times of the
ceramuc heater of the present disclosure also provide increased safety by reducing the amount
of time the hair iron is hot but unused. The improved temperature control and temperature
uniformity further increase safety by reducing the cccurrence of overheating. The improved
temperature control and temperature uniformity also improve the performance of the hair iron

of the present disclosure.
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[6656] The foregoing description illustrates various aspects of the present disclosure.
It is not intended 1o be exhaustive. Rather, 1t 1s chosen o illustrate the principles of the
present disclosure and its practical application to enable one of ordinary skill in the art to
wiifize the present disclosure, including its various modifications that naturally follow. All
modifications and variations are contemplated within the scope of the present disclosure as
deternuned by the appended claimos. Relatively apparent modifications include cornbining

one or more features of varicus embodiments with features of other embodiments.
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CLAIMS

1. A hair iron, comprising:

a first arm and a second arm movable relative to each other between an open position
and a closed position, a distal segment of the first arm is spaced from a distal
segment of the second arm in the open position, the distal segment of the first arm is
positioned in close proximity to the distal segment of the second arm in the closed
position;

a contact surface positioned on an exterior of the distal segment of the first arm for
contacting hair during use; and

the first arm includes a heater having a ceramic substrate and an electrically resistive
trace on an exterior face of the ceramic substrate, the heater is positioned to supply
heat generated by applying an electric current to the electrically resistive trace to the

contact surface.

2. The hair iron of claim 1, wherein the electrically resistive trace includes an electrical
resistor material thick film printed on the exterior face of the ceramic substrate after firing of

the ceramic substrate.

3. The hair iron of claim 1, wherein the electrically resistive trace is positioned on an
inner face of the ceramic substrate that faces away from the second arm in the closed

position,

4, The hair iron of claim 1, wherein the heater includes one or more glass layers on the
exterior face of the ceramic substrate that cover the electrically resistive trace for electrically

insulating the electrically resistive trace.

5. The hair iron of claim 1, wherein the heater includes a thermistor that is positioned on
the ceramic substrate and in electrical communication with control circuitry of the heater for

providing feedback regarding a temperature of the heater to the control circuitry of the heater.

6. The hair iron of claim 5, wherein the thermistor is positioned on an inner face of the

ceramic substrate that faces away from the second arm in the closed position.

7. The hair iron of claim 6, wherein the electrically resistive trace is positioned on the

mner face of the ceramic substrate.
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8. The hair iron of claim 1, further comprising a sleeve covering an outer face of the
heater that faces toward the second arm in the closed position, wherein a portion of the sleeve

forms the contact surface.

9. The hair iron of claim 8, wherein the sleeve is composed of a thin film of thermally

conductive and electrically insulative material.

10. The hair iron of claim 8, wherein the sleeve is composed of at least one of a filled or
unfilled polyimide.
11. The hair iron of claim 1, wherein the heater is mounted to a heater housing that is

positioned on the arm, the heater housing is composed of a plastic material having a

maximum service temperature of at least 200 degrees Celsius.

12. A hair iron, comprising:

a first arm and a second arm movable relative to each other between an open position
and a closed position, a distal portion of the first arm is spaced from a distal portion
of the second arm in the open position, the distal portion of the first arm is
positioned in close proximity to the distal portion of the second arm in the closed
position;

a contact surface positioned on an exterior of the first arm for contacting hair during
use; and

a heater having a ceramic substrate and an electrical resistor material thick film
printed on a surface of the ceramic substrate after firing of the ceramic substrate, the
heater is positioned to supply heat generated by applying an electric current to the

electrical resistor material to the contact surface.
13. The hair iron of claim 12, wherein the electrical resistor material is positioned on an

exterior face of the ceramic substrate.

14. The hair iron of claim 13, wherein the electrical resistor material is positioned on an
inner face of the ceramic substrate that faces away from the second arm in the closed

position,
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15. The hair iron of claim 13, wherein the heater includes one or more glass layers on the
exterior face of the ceramic substrate that cover the electrical resistor material for electrically

insulating the electrical resistor material.

16. The hair iron of claim 12, wherein the heater includes a thermistor that is positioned
on the ceramic substrate and in electrical communication with control circuitry of the heater
for providing feedback regarding a temperature of the heater to the control circuitry of the

heater.

17. The hair iron of claim 16, wherein the thermistor is positioned on an inner face of the

ceramic substrate that faces away from the second arm in the closed position.

18. The hair iron of claim 17, wherein the electrical resistor material is positioned on the

mner face of the ceramic substrate.

19. The hair iron of claim 12, further comprising a sleeve covering an outer face of the
heater that faces toward the second arm in the closed position, wherein a portion of the sleeve

forms the contact surface.

20.  The hair iron of claim 19, wherein the sleeve is composed of a thin film of thermally

conductive and electrically insulative material.

21. The hair iron of claim 19, wherein the sleeve is composed of at least one of a filled or
unfilled polyimide.
22. The hair iron of claim 12, wherein the heater is mounted to a heater housing that is

positioned on the arm, the heater housing is composed of a plastic material having a

maximum service temperature of at least 200 degrees Celsius.
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