SMART LAYERED HEATER SURFACES FIELD OF THE | NVENTI ON [ 0001] The present
invention relates generally to electrical heaters 5 and nore particularly
to heaters and rel ated nethods for controlling and inproving tenperature
response tinme and schedules of a thermal |oop for heating surfaces enployed
in cooking grill applicatiaons nmong ot hers. BACKGROUND OF THE | NVENTI ON 10
[ 0002] In known applidﬂ“ﬁgﬁ /gﬂgﬁEQg*%ﬂBﬁRﬁﬂJ%E$@E§ in comrercia
environnments, a relatively large mass is provided as a cooking surface in
order to reduce overall tenperature variatibns during cooking cycles. This
| arge mass, which is typically alum numor cast iron, provides what is
often referred to as therraELDAr THE INMNTIORMt pl acing itens to be cooked
on a cooking surface of the 15 grill, e.g., a cold hanburger patty or an
egg, does nof0Wigni fi cEme byesdet ireaston helatesvgsradrbliyris sldcaimpé haebtere. [ 0003]
Many known grill constructions generally include heating elenments secured

to tBe wndensriedmridularlyooi Hdaters mdheRtdd@etloaBEsY SontioBingYatdCipHgraving ubul ar or
strip heaters and are mechanically clanped and bolted to the underside 20 at

spaced itgthBEnelrs rebpbraRhE aniNRWBAGES Ik aCRBTRAIUEED B hddiRY! ifaheat ers are
cast into the large mass grill to inprove contact between™the heating

el enent ﬂﬂiﬁo 6 bki ; WIS ﬁ@ i nproved heat transfer. [0004]
Becauseeo t}he Pgrgg’élhhgggggwﬁlgﬂ%’% %%\gf)se'cause nost constructions do
not provide intimte contact between the heaters and the grill, it 25 has
not been practical or possible for the heating of the cooking surface to

BACKGROUND OF THE INVENTION
10 [0002] In known applications such as cooking grills in commercial
environments, a relatively large mass is provided as a cooking surface in order to
reduce overall temperature variations during cooking cycles. This large mass,
which is typically aluminum or cast iron, provides what is often referred to as
thermal inertia, such that placing items to be cooked on a cooking surface of the
15  grill, e.g., a cold hamburger patty or an egg, does not significantly decrease the
overall mass temperature.

[0003] Many known grill constructions generally include heating
elements secured to the underside of a grill. The heating elements are typically
tubular or strip heaters and are mechanically clamped and bolted to the underside

20 at spaced intervals. [n another known grill construction, tubular heaters are cast
into the large mass grill to improve contact between the heating element and the
grill and thus provides for improved heat transfer.

[0004] Because of the large mass of the grill and because most
constructions do not provide intimate contact between the heaters and the grill, it

25 has not been practical or possible for the heating of the cooking surface to

-



1 respond rapidly to each and every | oad placed on the cooking surface.

Accordingly, the thermal inertia of the grill has been the accepted practice
for controlling the tenperature at a desired |level wthout significant
variations. However, the large mass of the grill results in especially

heavy and ®3Raed zaRigli freprch rand @YSEY dead Hplaerd ehdhgercoing nswdageer ci al
cooki ng environnents. Additionally, the anount of energy that is used to
heat an erftacpglingly,| thetihernal estiar eti the gribhdvasthean the eoesptedmuddtice fand i f the
entire cooking surface is not being used, additional anmounts of energy are
wast ed i n cekatpling thieetdreperatuae uate aotlesinl lewd switleowdr sighifistint varidiisist ed

| evel . 10 [0005] For tenperature sensing and feedback to control the

t enper at urHovavet hehegnargl, nialter OO Q@I RIiRSreaUls ti PégRcially phe®gd ahdl By ai n
areas of the wunderside of the grill. However, the nunber of thernocouples

that can keuipdfatteyftnist dd ShipSeH BHE sbOus RPEEMMBELIS ARk HPNSHEIBhREhRNS -
Additionally, thernocouples In these applications generally have a

relativel ﬁofdht%Waﬂﬁ%ﬁ@'& u%ﬁoiéﬁ#@éﬁsgﬁé orhebt ShahGre guRlo heQdskbg surface

of the gr Because of the er of tenperalure sensors, real

time veri ft-éxﬁﬁé{?ﬁg\%ﬁg Scsg%lggtau%%@glf %éﬁﬁea&o%ﬂﬂl it%ﬁfa%gi !no?%?in@oﬁséaeen

possi ble w't conmer cooking today 18 the

result of tenperature .averaging drive y. the thermal, inertia o he
masi ve oPAHIBEHarEnis 6f CHEHY Af MiFtegtn el 17 derBBiAl Bhabet e
entire grill, or large sec,teiﬁgns of the grill, run at a desired average
t enper at ur@SSEHHAIRE fesifatbledelhas not been a neans by which to

efficiently identify exactly what | oad has been placed on the grill, e.g.
10 [0005] For “temperature sensing and feedback to confrol the

temperature of the grill, thermocouples are typically placed in certain areas of the

underside of the grill. However, the number of thermocouples that can be

employed is limited due to space and cost considerations. Additionally,

thermocouples in these applications generally have a relatively slow response

15  time due to their distance away from the surface of the grill. Because of the

limited number of temperature sensors, real time verification of actual
temperatures along the grill has not been possible with known systems.

[0006] Most commercial cooking today is the result of temperature

averaging driven by the thermal inertia of the massive»grill. The grill is controlled

20 as a single loop so that the entire grill, or large sections of the grill, run at a

desired average temperature. Accordingly, there has not been a means by which

to efficiently identify exactly what load has been placed on the grill, e.g.

hamburger patties, much less a means to easily and automatically determine

where the new load has been placed on the cooking surface of the grill.



hanburger patties, much | ess a neans to easily and automatically determ ne
where the new | oad has been placed on the cooking surface of the grill. -2
[ 0007] While control systens exist that can be progranmed for specific
cooki ng schedul es or tenperature profiles, there has been a need for a
systemt hat %an automatically sense the exact |ocation and type of |oad

i ntroduced, [B®¥ify t%"&pﬁg@ﬁﬂi%&erﬁ%(ﬁ&‘%gth%ﬁ‘@@upé Brogfaimedatatir
profile, and 5 heat just that |oad according to the appropriate schedule.
SUMVARY SpecifiFEopkiENsahenues CUSEMperaiwie prioélesr thede hes rheenhe needdend i nventi on
provi des a heater system conprising a substrate defining a heating surface,
a | ayer esystesat et feannmedtorigticatly t endecdité nexastribcaton tahd hpeenédlobdat er
defining at | east one resistive heating layer, and a plurality of nodes

di sposednabdurgd! entigathiergpeoiae &ookidg isched e taritemberatoret grofiewahd t he
resistive heating layer. Additionally, a plurality of lead wires are

pr ovisdechddiflst ezt IR StAEy t@thbfhﬁapﬂbmfai’é séhedefe.nodes, along with a

mul ti pl exer in communication with the plurality of nodes through the

plurality of lead wires. A 15 controller is in conmunication with the
mul ti pl exer, wherein the nultiplexer sequences and transmts resistances

fromthe plurality of nodggw\ﬁARqQ%pgﬁE;m\} iTI0 nd the controller controls

an armount of power provide 0 eac he plurality of nodes based on the

a1 erences, Ygogfe! = %G SRR vHoH B R0Rg R B L 12
ayer od SIS FOTGRER 2on AEHBH SV RGR BERRCRrAoRea fayperapeater formed ° ©
10  on the heating surface, the layered heater defining at least one resistive heating

layer, and a plurality of nodes disposed along the heating surface and in electrical

contact with the resistive heating layer. Additionally, a plurality of lead wires are

provided that are connected to the plurality of nodes, along with a multiplexer in

communication with the plurality of nodes through the plurality of lead wires. A

156 controller is in communication with the multiplexer, wherein the multiplexer

sequences and transmits resistances from the plurality of nodes to the controller,

and the controller controls an amount of power provided to each of the plurality of
nodes based on the differences in resistances between the nodes.

[0009] In another form, a heated cooking grill is provided that

20 comprises a grill body defining a cooking surface and a heating surface opposite

the cooking surface, a layered heater formed on the heating surface, the layered

heater defining at least one resistive heating layer, and a plurality of nodes

disposed along the heating surface and in electrical contact with the resistive

heating layer. Differences in resistances between the plurality of nodes are



heater defining at |east one resistive heating layer, and a plurality of
nodes disposed along the heating surface and in electrical contact with the
resistive heating layer. Differences in resistances between the plurality
of nodes are -3 determined in order to provide requisite power to the
plurality of nodes as a function of |oads placed on the cooking surface.

[ 0010] gﬁ"?@'ﬂ'nﬁﬁdf‘h‘éﬁdef &0 rRrowde dafleisite yoowe tpsther pluralidd of Hedes cnpri ses an
upper substrate a lower substrate, and a resistive heating material 5

di sposedfunehme@frioadmpbapp@pngin&)swlmmswatet he | ower substrate. A voltage
source is electrically connected to the | ower substrate, and the resistive
heati ng mat er[0@10] def i iesyet posiher Viermenpedieater aysteet fiscpmvidetattieati al such
that when a load is placed on the upper substrate, the resistive heating

mat eri al compidedesn Lipperadubsirates asIBweNsutRMRS, dHdoX rédétivet hathgadatedd [ 0011]
According to a nethod of the present invention, power to a heating surface

I N T &5 POFisSode’t l?etbv@éﬁ the uﬁBé‘rt édﬂstrﬁfé J\M fRRASHE} Qlﬁbéi'r'afté CPORAEFe IsBurceesi St ances

between a plurality of nodes disposed along the heating surface and in

el ectri C@'elé&ﬂ&é’}& o“r‘f'n%l?teé tBGEﬁé ?c%vké’r%%%@ﬁ‘& eNGnd H@Fes@étw@ He%ﬁ{; SlatBRgt er, and

sel ectively prow I ng power ura ity o es as a function of t he

present PRI %&'ﬁmfﬁsﬁeﬁ*p%ﬁ%ﬁr%@&ﬁﬁ%@ﬁﬁ P BRIt PRI AR st on

ded h ft d toqd that t det ai | d d t
Pna spect Tie HRBHA sty S e RileAege THE B RPUHPE A ABOTAR Mor ( he.

i nvention, are intended for purposes of illustration
power proximate the load.

10 [0011] According to a method of the present invention, power to a
heating surface in response to a load is controlled by measuring differences in
resistances between a plurality of nodes disposed along the heating surface and
in electrical contact with a resistive heating layer of a layered heater, and
selectively providing power to the plurality of nodes as a function of the

15 differenceé in resistance.

[0012] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of illustration

20  only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The present invention will become more fully understood from

the detailed description and the accompanying drawings, wherein;
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20 only and are not intended to limt the scope of the invention. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0013] The present invention wll becone nore
fully understood from the detail ed description and the acconpanyi ng

drawi ngs, wherein: -4 [0014] Figure 1 is a bottomview of a heater system
having a substrate defining a heating surface with nodes and constructed in

g . h TS . Cone. L0 Fi 2 i
accordance wygdm4jhe erngEP ps;sfcg btoPSmpK/%ﬁﬁ%Efé Wﬁe%%‘lgﬁf"ete@, ﬂé?l]ﬁ? Lgure 2 is

a cross-sectiodnal “view, en along lTne 1I-1 of he heater
Thvent 1 on e Bt T AcAG ARtk il NEABE R &y ba 18 SesBlBREE s i ons
Che pr ot e TR 0 Bresdlb el e 15 2 side view of & load placed .
"1 accor dance W T he FIgEIhe: B B<TBTEHEORRL Gt TPRUBASTBNING JoLdY F gure 5
is a bottomview of an alternate enbodi nent of the heater system of Figure
1 havi’ng H94e: OF ig heatar sifernsrastryried i agrostaneduticive DIE‘CW¥Q%0ftth@
principles of the present invention; [0019] Figure 6 is a bottomview of an
al t er nat resgiddnvestioniof a heater system having bus bars and nodes and
constructed in accordance with the principles of the present invention;
[0016] Figure 3 is a block diagram illustrating communications
between nodes, multiplexers, and a controller in accordance with one form of the
present invention;
10 [0017] Figure 4 is a side view of a load placed on a heated grill and a
corresponding temperature profile that is employed in accordance with the
principles of the present invention;
[0018] Figure 5 is a bottom view of an alternate embodiment of the
heater system of Figure 1 having a trace pattern and constructed in accordance
15 with the principles of the present invention;
[0019] Figure 6 is a bottom view of an alternate embodiment of a
heater system having bus bars and nodes and constructed in accordance with the
principles of the present invention;
[0020] Figure 7 is perspective cutaway view of another embodiment
20 of a heater system employing a positive temperature coefficient (PTC) material
and constructed in accordance with the principles of the present invention; and
[0021]) Figure 8 is a perspective view of a second embodiment of a

heater system employing PTC materials and constructed in accordance with the

principles of the present invention.



[0020] Figure 7 is perspective cutaway view of another enbodi nent 20 of a
heat er system enpl oying a positive tenperature coefficient (PTC) materi al
and constructed in accordance with the principles of the present invention;
and [0021] Figure 8 is a perspective view of a second enbodi nent of a

heat er system enpl oying PTC nmaterials and constructed in accordance with the
princi pl es of [OLO%E] pr es &rRIrespeedinDofeferepcg onangratsorindisplen éprigspardingence
nuneral s indicate corresponding parts throughout the several views of the
dr awi ngs paibETMOUED UDESCR T4l GievaFofTthiE dPREARERRED EMBODI MENTS 5 [ 0023] The
follow ng description of the preferred enbodinments is nerely exenplary in
nature and is in no way intended to limt the invention, its application,
or uses. [0024] In accordance with the principles of the present invention,

the anmunt oDBETRSSEDDOBSCREINION OF THR PREFERRERENMBOSIMENT SConmEr ci al
cooking 10 application, is significantly reduced in order to nore

accurgtel y comiog] actugle FSIBRAMALLESITRAPONER dRéteal eSHboSmRhisA id her mal
| oop. Additionally, the present ~invention enploys |ayered heating

technol O%r‘%lg Kefiar In HAY e PR I hﬁiv%é@i{q%md%ﬂ%al%it%é rﬂ'1\}elﬂﬁoﬁmi?ss to be

heated a I nprove response tine t properties of ['ayered
heat er i . | ayered heater technol ogies and 15 constructions are
descri bggb(ﬁlﬁldagb@a?rer%g'et ail in copending application Serial No. 10/752,359

Ol R LI A Ty R A A

amount of mass to be heated or cooled, for example in a commercial cooking

10  application, is significantly reduced in order to more accurately control actual

temperature response and schedules of a thermal loop. Additionally, the present

invention employs layered heating technology in order to provide both intimate

contact with the mass to be heated and to improve response time through the

properties of layered heater materials. Such layered heater technologies and

15  constructions are described in greater detail in copending application Serial No.

10/752,359 titled “Combined Material Layering Technologies,” filed on January 6,

2004, which is commonly owned with the present application and the contents of
which are incorporated herein by reference in their entirety.

[0025] Referring now to Figures 1 and 2, a heater system in

20 accordance with one form of the present invention is illustrated and generally

indicated by reference numeral 20. The heater system 20 comprises a substrate

22 defining a heating surface 24 and a load surface 26 opposite the heating

surface 24. A layered heater 30 is disposed on the heating surface 24, wherein

the layered heater 30 comprises a dielectric layer 31 on the heating surface 24,

25 and at least one resistive heating layer 32 over the dielectric layer 31. The

B-



whi ch are incorporated herein by reference in their entirety. [0025]
Referring nowto Figures 1 and 2, a heater systemin 20 accordance wth one
formof the present invention is illustrated and generally indicated by
reference nuneral 20. The heater system 20 conprises a substrate 22
defining a heating surface 24 and a | oad surface 26 opposite the heating
surface 2upsistive patingilayendees 300w defispns eantimiausepatiesn thag sybstanitally24,
wherein the |ayered heater 30 conprises a dielectric layer 31 on the

heati ng scoveas ¢he2 £nti@S5 heatthgasutfases 24 ondowesdrs bthee gedtatnangf tthey ezsi@§®Reover t he
dielectric layer 31. The -6 resistive heating |ayer 32 as shown defines a

cont i nuoubegimpt leyer BRats sdasstibed iiralgreaterc autail beldve, ealyi dleo eatimpipyedr f ace 24.
However, other patterns of the resistive heating |ayer 32, as described in

greater dehia p‘enﬁéﬁhiﬂgﬂwiﬂﬁﬂf@'ﬁﬁgé%fﬁ%r@y@ﬂ invdhitibg. remai ning within the scope
of the present invention. 5 [0026] A plurality of nodes 34 are disposed

al ong 4 he heatfopgepur f a@epjuifit,2FthoREs 3i4e'33r§r'c]io b&é&%iopgqr?é Aehtiny Sdhddae

resi stive heating 1layer 32 as 'shown. Th es 3 nction as term nal pads

and are ngghggggﬂgggcwc%&ﬁaagw hb%e 'Qﬁ’vgq @;&Q@Hgg& eal gggwh.aymfe 32 at

each of t as require AECCOI’%I n rresponding plurality of

| ead wi ] t 34, . 10 tipl 38 is i
communi calTas 1 THITRE 5 Crm T page Recae DriBHRs oo e R 1ES 55 For

f.clarity t f the |l ead w 36 h dit houl d
Pe. tnder stesisae setine TiesSt? sheafibantis netes St BHIER o KagiEea
mul tiplexer 38 tg each of the nodes 34. A controller 40 is al so provided,
whi ch is CeFeSPORHingi REEiEnohead Wies rfare faakertedstoathestrARs, 34 st @er t o

control the anount
10 multiplexer 38 is in communication with the plurality of nodes 34 through the lead

wires 36. For purposes of clarity, not all of the lead wires 36 are shown, and it
should be understood that at least one lead wire 36 is connected from the
multiplexer 38 to each of the nodes 34. A controller 40 is also provided, which is
in communication with the multiplexer 38 as shown, in order to control the amount

15  of power delivered to each of nodes 34 from a power supply 42, as described in
greater detail below.

[0027] As further shown in Figure 2, another dielectric layer 60 is
formed over the resistive heating layer 32, but not over the nodes 34, in an
alternate form of the present invention. The dielectric layer 60 provides protection

20 for the outside environment from the resistive heating layer 32 while also providing
protection and thermal insulation for the resistive heating layer 32.

[0028] The nodes 34, which function as terminal pads as commonly
used in layered heaters, are formed of a highly electrically conductive material that
can transfer the requisite power to the resistive heating layer 32, The nodes 34

25 are thus formed directly onto the resistive heating layer 32 in the desired locations

7-



15 of power delivered to each of nodes 34 froma power supply 42, as
described in greater detail below [0027] As further shown in Figure 2,
anot her dielectric layer 60 is formed over the resistive heating |ayer 32,
but not over the nodes 34, in an alternate formof the present invention.
The dielectric layer 60 provides protection 20 for the outside environnment

from t he aoesidiig toethbeaimbeg of ayess 32 debitdEfod b SR rigutar abpligatiopt OtiRclea@n and
thermal insulation for the resistive heating |ayer 32. [0028] The nodes 34,

whi ch f ungitdso8e afe [diied RatheRRfles &% G h)irquké§%@ch s IRRY, BRBIRY, S, are
formed of a highly electrically conductive naterial that can transfer the

requi sit e, QM onFCOWéIB rﬁﬁr‘oﬁ iofigerBeating layer 32. The nodes 34 25 are thus
formed direct onto thHé resfstive heating layer 32 in the desired | ocations

-7 according e nunpe [ I Ircatron
The | ead vvi r iﬁ’o%dg ar enﬁ‘o%rnog%e ﬂﬁ% ﬁéo‘%ggé@%{%‘% ”a‘thgir??? %é?{]asﬂg
solderrn ul traso anDn others 0029 In another
form (?f "é“% e P%{ mﬂreerﬁcfvgﬁce h@aﬁaﬁ@g Sgﬁh d’rf §egPea
advanced mat.er such a y  of exanp ndyct_or terr al. As
such, t hese,nag?rgﬂflugtﬁ tﬁ‘“ﬁﬁ ﬁﬁcﬁ“ﬁ‘dﬁﬁ'ﬁlfeﬁ'éﬁ’@cgﬁf\ﬁ@u'ﬂawﬂﬁ‘éﬁ@" € Wit oY énge in
resi stance versus tenperature, and the resistance of each node 34 could be
moni t or ediaYe HIidRefandsi indesisiansei versisiemperaties, @indrthe dasistancy of eashst ances
of an individual node 34 over time could then be conpared, rather 10 than
conpar i nghatief 34 cewldere monitersidsatapredeteingd dimep inteyalst Tieel diffeancestins
reduci ng the conplexity of the multiplexing function, which is described in
great er resistances of an individual node 34 over time could then be compared, rather
10 than comparing differences in resistances between pairs of nodes 34, thus
reducing the complexity of the multiplexing function, which is described in greater
detail below.
[0030] In order to provide the proper amount of heat in the proper
location, the resistance between each of the plurality of nodes 34 is continuously
15  monitored, and the differences in resistances between the plurality of nodes 34 is
used in order to provide the requisite amount of power to the nodes 34 and thus to
the substrate 22, thereby providing an accurate and highly tailored temperature
profile to the load surface 26. For example, when a load 50, e.g. a hamburger
patty, is placed on the load surface 26, the resistance between node | and the
20 surrounding nodes, A, B, C, H, J, O, P, and Q, will decrease, while the resistance
between these surrounding nodes, and the other nodes D-G, K-N, R-U and V-BB,
does not change substantially. The difference in resistance between node | and
the surrounding nodes thus indicates that the load 50 has been placed on the load

surface 26, and the location where the load 50 has been placed, and thus an

25 increase in power is needed in order to increase the temperature in this area.

-8-



detail below. [0030] In order to provide the proper anmount of heat in the
proper location, the resistance between each of the plurality of nodes 34
is continuously 15 nonitored, and the differences in resistances between
the plurality of nodes 34 is used in order to provide the requisite anount
of power_to the nodes 34 and thus to the substrate 22, thereby providing an
accur at el haieforg.gHiey presienbrieentionpesniemplatesy detarmining thaedifferacesirinace 26.

For exanple, when a |oad 50, e.g. a hanburger patty, is placed on the |oad
sur f ace registaniees bebiasrathe eoliralityed nodes 84 land montrbkin@ thes amoaninafi pugvenodes, A,

B, C H J, 00 P, and Q w Il decrease, while the resistance between these

sur r oundirogdaddesthe quiatatifyeofotduns IdesrdarGo ffolde R thilvied YerBBeratutees not
change substantially. The difference in resistance between node I and the

sur r oundirbfilene tieslobiwsifatsipeat es that the | oad 50 has been placed on the
| oad surface 26, and the |ocation where the | oad 50 has been pl aced, and

Eh oE i . : e ! : ;
us san | eoeAsE | nTB%bm{pﬁsH‘ﬁ@ﬁm@nit&;r%{/ Sé'ﬁﬁoc}e% Bﬁ%hﬁ%ﬁg«%@fs‘enyzmer ature

in this area. -8 Therefore, e present tion contenp term ni ng

the di ffc%rn%ﬁiﬁg tig@ Ef‘i\ﬁérj REBE M %‘?\tev‘%ﬁﬁéglh%eg%l el@%%rt 380%%{,&8%?33 3fqand

controlling t mount ~of power provi ural nodes 34 in

Co0a)  tebtsttisniee RuRendiof i ERFAD Bf Rrobd 40 Sondobiifiagf apdhece = °

OO O bl AoNElrod B ool o7 Bk e 5 Bl B oy ne s,
? Rgt t ,hg prg\(/)ig}acri 0tloI %gc# Oofc?hrget rp?t}rglit;[/ hgf %gggsnt34ofbaggc\j/\/e c;n ft{\g ”éi%gi%n?:(e’ém}ﬁ source 42
10  resistances between the nodes 34. The multiplexer 38 continuously sequences
between each combination of nodes 34, e.g., A-B, A-l, I-Q, etc., and transmits
resistances to the controller 40. Additionally, software may be employed within
the controller 40, as described in greater detail below, to facilitate the control of
power to the nodes 34.
15 [0032] More specifically, and with reference to Figure 3, either one or
a plurality of multiplexers, 38 and 38', connects each lead wire 36 to the controller
40 for the purpose of both resistance reading and power application multiple times
per second, thus providing a highly responsive and automatic system for sensing,
control and response. In the exemplary embodiment as illustrated herein, the
20 multiplexer 38 electronically switches to a first pair of leads 36’ and 36" and
transmits signals from the nodes 34 connected to this particular set of leads to the
controller 40. The controller 40 then reads the resistance between leads 36’ and
36" and places the reading in a push down stack memory 44. The controller 40 is

programmed to recognize any difference between each new reading and previous

25 readings for each pair in a multiplexed sequence and thus recognizes if there has

-9-



provided to each of the plurality of nodes 34 based on the differences in 10
resi stances between the nodes 34. The nultipl exer 38 continuously sequences
bet ween each conbi nati on of nodes 34, e.g., A-B, AIl, |I-Q etc., and
transmts resistances to the controller 40. Additionally, software may be
enployed within the controller 40, as described in greater detail below to
facilit %Nt Re RBRARRBIC oENaNgSWET ary spreifindseas Al e ok spriaee 26.
specifically, and with reference to Figure 3, either one or a plurality of
mul ti pl exeqosdingg, therosdoliercihthestdecisieshf payeat milstdesgppliedithany pairtsd! | er 40
for the purpose of both resistance reading and power application nultiple
times pdleadsdmsgd amths tempeiadireghange.ghl y responsi ve and automatic system
for sensing, control and response. In the exenplary enbodi nent as

illustrated He0d3)n, thRafierindn thpdeotetheddhned atiitipdenet atheypevdrtraigdet 0 a first
pair of |leads 36' and 36" and transmts signals fromthe nodes 34 connected

to ths ibd cinl arsevehd ofultipRSter 138’ thReshant §H iat46ne ThatisleRer gBl er 40
then reads the resistance between | eads 36" and 36" and places the reading

ina pUszbq@@%bsSTaﬁéktréF%WﬂfSYre@?s{anUéesiﬁﬁ’élErf?ﬂﬂwecge%cje% 3P S %@T%gw 0

recogni ze any difference between each new readi ng and previous r eadi ngs

for eachnBfblexbsd QUcrBLe%Rd RAUARCEAN GO BUSHILRRROB! AG3ed B41 N1 e has -9

been a tenperature nge I n any specitic areas | oad surface 26.
pocor Y S RSH B, b SR 5% e B e el 0 @
Ul 1 pl daptaRge TS8HDRRER A PRIFS drrirdier ctesieaaomcall siches "
10  the connection to another pair of lead wires 36. Therefore, multiplexer 38 and
multiplexer 38’ are synchronized such that, by way of example, when multiplexer
38 connects the controller 40 to a pair of lead wires 36, multiplexer 38’ is making a
connection from the power supply 42 to a different pair of lead wires 36 and nodes
34 according to instructions from the controller 40, which are based on comparing
15 differences in resistances between the nodes 34, in addition to preprogrammed
decision algorithms if desired.
[0034] Alternate timing schemes and configurations of multiplexers
may also be employed in accordance with the teachings of the present invention,
and it should be understood that the embodiment described herein should not be
20 construed as limiting the scope of the present invention. And as described in
greater detail below, preprogrammed temperature profiles may also be employed,
as a function of the type of load 50.
[0035] In one form, the substrate 22 is a heated cooking grill.
Accordingly, the load surface 26 is a cooking surface, and the plurality of nodes

25 34 are configured according to the size of cooking loads such as, by way of
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sequences and transmts resistance signals fromthe nodes 34, and the other
mul tipl exer 38" sequences and transmts power to the plurality of nodes 34.
In one form power to a pair of lead wires 36 can be applied instantly
after each resistance reading is taken and before the multipl exer 38
electronically switches 10 the connection to another pair of |ead wres 36.
Ther ef or egxamplei barmkeargeBPatiied oreghs.i Plseoekingdoadsr aresplacdt omtheecbokingh t hat ,
by way of exanple, when multiplexer 38 connects the controller 40 to a pair
of | ead wsurece3@he ndifiérieptexédn rdsistansesriletweeera the @iuralityi oh nbdesn3uharepower
supply 42 to a different pair of lead wires 36 and nodes 34 according to

i nstructi ga@rhine ihhgdeo pRIVIR redlisitetower ap ehd phadlit9 ofarieariggs ko
differences in resistances between the nodes 34, in addition to

pr epr ogr afifRfon @€ tHeSEkiRY %Hbtﬂﬁﬂé_dién fRsddokehy iLQl%%@] b'ﬁ*ér@fo'ﬂét\lﬁt @ ng

schenes and configurations of multiplexers may also be enployed in

accor démcgsél“'oﬁ‘ ma){é?hgd tet%%fegé MRingf mbwir@gﬁﬁ%hn{déygﬂ%hﬁ\%’ sul gé %S{fﬁl d be

under st ood t hat odi nent “descr i erern strued

Getail bel B, M RRredrderbbPrRRRR by CHRb A e el iRt ) bPea” °s "

function of the type of 1o 50. [ 003 n one form the substrate 22 is a
hoat ed.cofindiRes oY Fie Rodescf arcrsips 16 Rie {eBsBings of HeesgenSie s e,
surface, and the_plurality of nodes 25 34 are configured according to the
size of cBBWRUALOf BHss tg%ﬁe‘é‘iﬁ tphe featesk and/ep caqlgaps Signisanty gedugssk t i es or
eggs. As cooking | oads are placed on the cooking surface, the differences
i n resi st white sopeliee termperagira e egpeisentesndg agogrately. Reducing the

10 mass lowers the thermal inertia of the substrate 22 and thus allows for more rapid
response to the addition or removal of heat to obtain a desired temperature at a
specific location.

[0036] According to a method of the present invention, a
predetermined power profile, or recipe, is provided to the plurality of nodes 34 as

15 a function of the differences in resistances of a specific cooking load. The
predetermined power profile corresponds with a temperature profile, or recipe,
that is desired for the specific type, e.g. hamburger patty, of cooking load. For
example, as shown in Figure 4, a cooking load 52 is placed onto a cooking
surface 54 and must be cooked to a certain temperature profile 56 as shown.

20  Prior to placement of the cooking load 52 onto the cooking surface 54, the cooking
surface 54 is maintained at a steady state temperature t1. After the cooking load
52 is placed on the surface, differences in resistances betweeﬁ the nodes 34 are
determined and the controller 40 (not shown) provides the requisite power to the
nodes 34 in a proper sequence, as previously described, such that the cooking

25 load 52 is brought to a desired temperature t2 over a period of time as shown.
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determned in order to provide requisite power to the plurality of nodes 34
as a function of the cooking |oads placed on the cooking surface.

Therefore, with the 5 use of |ayered heaters having nore intinate contact
with the substrate 22 and their inproved material properties over
traditional heaters, conmbined with the principles of the nodes 34 according
to the tEEcHIQIRY IFad b rpmaknenat emperatlient2 fareancdtesuprriost ointie, andt needs to
be heated and/or cooled is significantly reduced while controlling

t enper atther isapreugbisgoms & thenseady statectemperature t1Retdercovey anbthet Periads | ower s
the thermal inertia of the substrate 22 and thus allows for nore rapid

responsefttone fes Hdsfratedrbyothe emperhtwoé grefile 58 okd ai resaitdéss ceekihgnperature
at a specific location. [0036] According to a nethod of the present

i nvent i arfage 54 estetber mamedngpwera Rwet itérﬂFe@'turéeﬂi&ecoﬂs%r\ﬂﬁ@\é'n@@ to the
plurality of nodes 34 as 15 a function of the differences In resistances of

a speci fang mgodfddkmd %@ 52“5%%%%&&%@@4(%%' oraifg @ ttheQFHdr%% pnds with a

tenperature profile, recipe, th e specific type, e.g.

harrbyrgq:?uep% tt%e Ir@cfiuftﬁﬂki' NghehAadtine %Prcﬁ/’%?éapbf th@sgﬁ andln\r/r%nstlang%g 4, a

cooking load 5 ace onto a coo surftace be cooked to a

t t 0 t th
cooki ng TEaRcEE 5T ﬁi”&gfé?%'égsﬁéﬂfp“@@atué oo 881 PhEFEE herdly 50

t t ead tu t1l. Aft th k |l oad 52 i
oraced adioaly pSmecRHR SpaREcE Pretdeitnad lbedb s eI Abs 34 ar e
det er m ned anc’ %phe control |l er 40 not shown) provides the requisite power to
the nod@okg 1pafs, agiappeped & aéfﬂﬁfwa Iy oppraded sYrdey. aewe reds thedisks t hat t he

cooki ng 25 load 52 is brought to a desired tenperature t2 over a period of
t i md0as ofngwdercooked foods and their related health risks. Moreover, it should be

understood that the temperature profile as illustrated herein is merely exemplary
and should not be construed as limiting the scope of the present invention.
[0037] Through the specific differences in resistances between the
nodes 34 as determined by the heater system 20, the type of cooking load 52 can
15  be automatically determined, and thus the appropriate temperature profile 56 can
be automatically loaded and executed without the need for manual intervention.
In one form, the temperature profiles 56 are loaded as software or firmware into
the controller 40 and can be updated and modified as necessary.
[0038] Referring now to Figure 5, the resistive heating layer 32
20 defines a trace pattern 58 as shown rather than a continuous pattern as previously
described and illustrated. The nodes 34 are thus disposed along the individual
traces 59 and power is applied to the nodes 34 as described above in accordance
with differences in resistances between the nodes 34. (The lead wires 36,
multiplexer 38, controller 40, and power source 42 are not illustrated for purposes

25 of clarity). The trace pattern 58 as shown is generally a linear grid shape,
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-11 The cooking load 52 remains at tenperature t2 for another period of
time, and then is brought down to the steady state tenperature tl1 at or
over another period of tinme as illustrated by the tenperature profile 56.
As a result, the cooking surface 54 can be mai ntained at a | ower

tenperature, thus c rvi t he cooking Igad 52 is

aut ormat 8‘5?1’?} étoﬁtﬁ%@d cHP@‘%ﬁ& t(ﬂ’gﬁ g’@pﬁéc?pﬁb sehHgaing ¢if¥laeduction in
thermal |nerti vi ded b the present inventjion, the increased response
time end"Es ‘”f'@‘nﬁ% ek etVB of Pf |<Hﬁj>uﬁ§» iler, uperaliebd seEesi maraljgdgetiesonal | v,
automatically applying a predeterm ned recipe to specific types of cooking
| oads, &3MBiFHSRY MY salpamgarmplaysdrwbitd rempaining, wcigum ther sehpeeof ke ri sks 10
of undercooked foods and their related health risks. Mor eover, it should be
under st pEsenhiaventian. t Adgtorsllyr temirobit rmyasmplby st featkidgbef eoperidingrer el y
exenpl ary and shoul d not be construed as limting the scope of the present

i nvedt i epplidafiod BeridhNou gbvouh@09 pettads AciagtdbleeL &yures HoatereSyséadigsl bet ween
the nodes 34 as determned by the heater system 20, the type of cooking

| oad 52oaa8eptdiabbe 18ULOTRLWIGE iy cORRRING BRAed il thBUsrebE® AfpHcals at e
tenperature profile 56 can be automatically | oaded and executed w thout the

need f opngaRdabnieRtLbl GRIdhOte inbdt Pe%iﬂé@m rbperefe%’ﬂ?@é ﬁ“ﬁr f é}{tf?%tgl es 56 are

| oaded as software or firmvare I n e cont er 40 can updat ed

A oo Fpt Sibaed e eve (ARERarde A bR Bl owéfssfqeﬁtén? esistive

heat i ng nes a trace OWI’] ra r an a

cont USRI oa'§9$¢2§8#*ﬁe&m°§*§§%d9€§@é R e
t hewodﬁere:?rf'ar‘%1 ageecszocr{sll ere e Wl tﬁ%%%gé"gﬁﬁe present invention.
[0039] Yet another form of the present invention is illustrated in
Figure 6, wherein in addition to the nodes 34, a plurality of bus bars 70, which
may be of varying shapes and sizes, are disposed along an outer periphery 72 of
the heating surface 24. The bus bars 70, which function as terminal pads as
15  previously described, are in direct contact with the resistive heating layer 32 and
are thus in electrical contact therewith. Lead wires 74 are connected to the bus
bars 70, and may also be connected to the multiplexer 38 (not shown), in order to
provide heat within the larger zones of A, B, and C as shown. As such, a more
coarse distribution of power can be applied to the substrate 22 rather than, or in
20  addition to, the more tailored application of power through the nodes 34. It should
also be understood that any number of bus bars 70 may be employed in any
location along the heating surface 24, in addition to along the periphery 72 and in

the number and size illustrated herein. It should also be understood that the bus

bars 70 may be employed with other shapes and configurations of the resistive
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with differences in resistances between the nodes 34. (The | ead wires 36,

mul tipl exer 38, controller 40, and power source 42 are not illustrated for
pur poses 25 of clarity). The trace pattern 58 as shown is generally a |inear
grid shape, -12 however, it should be understood that other shapes, e.g.,

serpentine, circular along with different types of circuits, i.e.,

paral | el , heatingdayerp¥, éupmasg@@ ligear grigras Hustraled in Frigyreibswhite remainitged whi | e
remai ning within the scope of the present invention. Additionally, the
circuit néifhiedihg sgonenef the pegtenyiventiatopendi ng 5 application Serial No.

10/ 941,609, titled "Adaptable Layered Heater System"™ filed on Septenber
15, 2004, whi dR048] commitefgrriopmed toi Riurehve apotee ivrnapph iheatar epsteanid t he
contents of which are incorporated herein by reference in their entirety.

For i nst aacerddrive wiers et fedehingsebtheaidsétanventibh ¢lilluseatetipdr fineedly as
described therein, may be enpl oyed between nodes and in a grid

conf i gIr aintRate¥ShylesferdiRehuiéran80ei ThaRda@ e BY&d hidH N the
scope of the pres)gnt inventlf on.a [ 0039] Ye? g%%ft%eregorﬁ%ﬁs%?ﬁ% gfgéeés}ent

| nvent! ofiissiiald B8 368 LdbstBldIBk Cak aw’eggﬁwhéé‘u@gmaﬁérﬁ? goissegodes 34,

a plurality of bus bars 70, whic may be o vary!' shapes and si zes, are
0 500%eC Al TRe ST s BRI Knfnglond WplERHLAP BUTLARE ol 213
o et Cofligh, b0k B RSN AL B O G B e s
orovi de NGRS RDRTRE o SFEPBEF SBimBdoroueisT. BrRok SIbNGRR. CAboulch, &
tmr),;ﬁ, 1Q(::,(r)ar,r1${ene%ie§é£riilyl? l#ai/g rt]o ?Jnc%gx%rs aCSPouaﬁ aa}wlfgiloclzciuelc?I irEs?eatdhge Solég?;tgc? ta? a22 rather
voltage different than that of the lower substrate 84. The resistive heating material
86 defines a positive temperature coefficient (PTC) material such that when a load
90 is placed on the upper substrate 82, the resistive heating material 86 provides
for an increase in power proximate the load 90.
15 [0041] The PTC material could be selected from among many types
of materials such as Platinum that exhibit PTC characteristics. Platinum and other
materials having such PTC characteristics can be used directly in the construction
of a layered heater circuit, i.e. the resistive heating layer, or as dopants in other
materials such as glass, ceramics, and polymers to achieve a composite material
20 that displays a significant shift in electrical properties as a function of temperature.
Another method of creating a material with PTC characteristics is to use
conductive particles such as carbon in a matrix of ceramic or polymer composite
in which the glass, ceramic, or polymer matrix expands and contracts significantly

with temperature. The expansion of the base material with temperature causes a

25 breaking up of the electrical connections from particle to particle within the matrix
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20 addition to, the nore tailored application of power through the nodes 34.
It should also be understood that any nunber of bus bars 70 may be enpl oyed
in any location along the heating surface 24, in addition to along the
periphery 72 and in the nunber and size illustrated herein. It should al so
be understood that the bus bars 70 may be enpl oyed wth other shapes and

conf i gur aindortaeebyt hecreasdsst ihee oveldll haadtiedl Irayistande, oFudhs amatdiai | i near
grid as illustrated in Figure 5, while remaining wthin the scope of the

present idguespding tOQHE]mERNS fdriterarive t %fieagh@yof%%@fmét%&niéﬁ a

heater systemin accordance wth the teaching the present Invention is

|11 ust ratedo@iidh 4pNP5ABatenNDY SR Sfs YnibhTiE! ElfiRoRNTBLAL A HE heater

system 80 conprises an upper sub$ S and a

the T ower" St PRERLER ' Al e RERRRCar, STIEF e Aot BRIC R O

el ectri caI\J g conngr(]:t.ed tt o, the |l ower substrate 84, while the upper substrate
82 se|5vesre§ ergedp tHGen i—rﬁ%ver, t he upper substrate 82 would 10 not
necessarily hfve o function as a ground and could instead be operated at a
vol t age diffet®2li nan nererafion Revqliggers sebiveat speesnpndsputh aglestrede heat i ng
material 86 defines a positive tenperature coefficient (PTC) material such
t hat wherfogkingdempemture, pihickelg tenstaedupmaghshe yoltage searcetdte threughit i ve
heating material 86 provides for an increase in power proximte the |oad
90. 15 [ b= lgweTtsebpiTaierfit, ¢hoaph drutedistive Sebting watdriab 86 aamthtp thenyppeypes  of
materials such as Platinumthat exhibit PTC characteristics. Platinum and

ot her mesubsirates8hav WWigers tieh 163AC 90h@r placedi o iths Wer bsubstate @2y aeély in the

construction |
10 resistance of the PTC material goes down due to the lower temperature of the
load 90 relative to the upper substrate 82. Since the voltage is constant and the
resistance of the PTC material 86 initially goes down, more current flows in the
region of the load 90. This relationship may be more clearly understood by the
equation of voltage versus current and resistance:
15 [0043] V = I°R; where V = voltage, 1 = current, and R = resistance
[0044] As the current increases to compensate for the lower
temperature of the ‘load 90, the resistance of the PTC material 86 eventually
increases with the increase in temperature until the desired temperature is
reached. Accordingly, the heater system 80 automaticaily adjusts the temperature
20 in response to the load S0 placed on the upper substrate 82, thereby providing a
more tailored and controlled temperature response.
[0045] Referring to Figure 8, another form of a heater system using
PTC materials in accordance with the teachings of the present invention is

illustrated and generally indicated by reference numeral 100. The heater system

25 100 comprises a lower substrate 102 and a plurality of upper substrates 104,
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of a layered heater circuit, i.e. the resistive heating |ayer, or as dopants
in other materials such as glass, ceramcs, and polyners to achi eve a
conposite material 20 that displays a significant shift in electrical
properties as a function of tenperature. Another nethod of creating a
material with PTC characgteristics is to us conductive particles such as
car bon iweée'ﬂa?rfiw%?y rg?ﬁt@gofe?émﬁwp%cgﬁﬁf?gi Pt a il Grnalerigh@rgy ass,
ceramc,  or gg_l émer mat ri x expands and contracts significantly wth

t enper atlifRosednRetuesan e dower sHBstRtge 10t a1d dhe wiprert eupiraiesir W4eauses a 25
br eaki ng C;Lg) of the electrical connections fromparticle to particle within

t he mat Fdditianally, zBlufalisy eblead virasakiSscarmechther pilitality efcypres sbbsteatest ance of
the material corresponding to the material tenperature. An exanple of such
a net hod (dsandideeatinp elerants. 86 Rateemultiidexes, 002 vB1ig) isvtonhectsd tonaonl y owned
with the present application and the contents of which are incorporated

her ebn pntrélieref €2 ek ai powbeisupplyt il tet yThéretd)] then haiatsratysiem aovol tage is
set that corresponds with a desired cooking tenperature, which is

tr ansf egreddédringighlubh@edthd agmesOProximA8. ehth osigthe thgraliQWer wppRptrate 84,
through the resistive heating material 86, and to the uppér substrate 82.

When th%ubgﬁgegqoh%n@@gggg@nﬁ@ﬁs qﬁ@_er substrate 82, the 10 resistance of
the PTC nmaterial goes down due to the | ower tenperature of the 1oad 90

Fasistance. of TSI pre WACHS P neRer STRioNE 108 GoMec FENARS ™ owe i n
L1, B bk 0ol b ANRRYl Bl Tkt uncer st ood
10 variations of voltage over time. For example, if a load is placed proximate zone A,
the resistance of the heating element 106 of this zone initially goes down a certain
amount, and as a result, the current in this zone increases, followed by an
increase in temperature. By varying the voltage over time, the controller 112 can
achieve a specific profile, which is commanded by the controller 112 to the power
15 supply 114, such that the load proximate zone A receives a desired temperature
profile. Therefore, a PTC material is combined with temperature profiling to tailor
the amount and location of heat that is delivered to a load. It should be
understood that operation of the multiplexer 110, controller, 112, and power
supply 114 are in accordance with the teachings of the present invention as
20  previously described.
[0047] The description of the invention is merely exemplary in nature
and, thus, variations that do not depart from the gist of the invention are intended
to be within the scope of the invention. For example, although the substrate 22 is
illustrated as flat and rectangular, it should be understood that any shape of

25 substrate 22 may be employed, e.g. non-flat such as tubular, and other fiat
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15 [0043] V =12 R where V = voltage, | = current, and R = resi stance
[0044] As the current increases to conpensate for the | ower tenperature of
the load 90, the resistance of the PTC naterial 86 eventually increases
with the increase in tenperature until the desired tenperature is reached.
Accordingly, the heater system 80 automatically adjusts the tenperature 20
o espoebes SUTHES ChaUa0 STHF JEadr 1 WHan Uisstons Rbr RiesegbinERETE by
providing a nore tailored and controlled tenperature response. [0045]

Ref erri n‘gddmprﬁ"wné rimbgiafiodes ¥nnagy bg eraplpred &y &reneitharmgarserornat eri al s
in accordance with the teachings of the present invention is illustrated
and gendingr igyids wiinodes d4mccouting tneredifimaprlicati@oredmireriests, dén adgiéipem 25 100
conprises a | ower substrate 102 and a plurality of upper substrates 104,

- 15 wherteimonaurploomagridsyofafodee 84 mhile heheeypiatiig® Gomotheespintfaral $€bGerddt eri al are
di sposed between the | ower substrate 102 and the upper substrates 104.

Addi t5 onakl presentpinvenadiort.y Mbrdosad sthéepatdictednpesities e bl ddditibh \toof upper
substrates 104 and heating elenments 106 to a nultiplexer 110, which is
connect edlfférendedinCrRBIsta de8mdyl Be 3BAsel WANE FerddiRiy wilhid thel BedRf ofithe t he
heater system 100 provides individual heating zones proxi mate each of the
pluralit u htiors Ub 4 H}ﬁ,@i I ] Wth
this zon%ggirga?gr% g?/rﬁ't eﬁoﬁg%@gﬁg’pggiqg?c t%np&gragtrﬁ%nﬁi%@gr %@QV\@? profile
(or reci e i i i.atjons of
(o £oc! ayeancbea i P CEfcl ) 360 857008 Raageha ik WaRARCRS Of
rest ot angg8lind DEotos! hA%iELEMRert8S Slich NafafSHiCardtt8 bbegaRRedomn @

10 as a departure from the spirit and scope of the invention.
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amount, and as a result, the current in this zone increases, followed by an
increase in tenperature. By varying the voltage over tine, the controller
112 can achieve a specific profile, which is commanded by the controller
112 to the power 15 supply 114, such that the | oad proxi mate zone A receives
a desired tenperature profile. Therefore, a PTC material is conbined with
tenperature profiling to tailor the anbunt and |ocation of heat that is
delivered to a load. It should be wunderstood that operation of the

mul t i pMéxadiis dlabnecsntrol l er, 112, and power supply 114 are in accordance
with the teachings of the present invention as 20 previously described.
[0047] The description of the inventimmss nerely exenplary in nature and,

t hus, variations that do not depart fromthe gist of the invention are

i ntended toREi LMLy ikhe scope of the invention. For exanple, although the
substrate 22 1s 1llustrated as flat and rectangular, it should be
under st ood f hat trate 22 may be enpl oyed, e.g. non-flat
such as tubE1ar,&g%aﬁggﬁgﬁﬂiféipﬁgﬁé'shapes such as circular, while

remai ning within_the sqope.of the present invention. Additionally any
number of nodes %ﬁuW§V'5geBﬂﬁ96&%ﬁRW83P Pfifei t her coarser or finer grids of
nodes 34 accordinq to specific application requirenents, in addition to
non-uni form gri & '8Ye1REd88a!8s fofiRed eomdne dagating, ﬁ@rfﬁ?%mﬁt%éa%?? i Read@d scope
of 5 the present invention. Mreover, other paraneters besides or in

addi t i gefining atliepseormmsistiva heatinglayetes may be sensed while remaining within
the scope of the present invention. For exanple, a response to a high
frequency sti nula pluralitychfciaiesedisposkd aldugtthedeatiny salrface bends ansledtrical
accordance whil e renaining

contact with the resistive heating layer;

a plurality of lead wires connected to the plurality of nodes;

a multiplexer in communication with the plurality of nodes through the
plurality of lead wires; and

a controller in communication with the multiplexer,

wherein the multiplexer sequences and transmits resistances from the plurality of
nodes to the controller, and the controller controls an amount of power provided to each
of the plurality of nodes based on the differences in resistances between the nodes.

2. The heater system according to Claim 1, wherein the resistive heating
layer is formed from a layered process selected from the group consisting of thick film,
thin film, thermal spray, and sol-gel.

3. The heater system according to Claim 1, wherein the resistive heating
layer defines a trace pattern.

4, The heater system according to Claim 1, wherein the resistive heating

layer defines a continuous pattern that substantially covers the heating surface.
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wi thin the scope of the present invention. Such variations are not to be
regarded 10 as a departure fromthe spirit and scope of the invention. -17
What is clained is: CLAIMS Wat is clainmed is: 1. A heater system
conprising: a substrate defining a heating surface; a | ayered heater forned
on the heating surface, the |layered heater defining at |east one resistive
heating layer; a plurality of nodes di sposed along the heating surface and
in electrical contact with the resistive heating layer; a plurality of |ead
wi res connebt ed Thoe thieatgyl aystdm tagcofdimptieSlaim militheyl eoraprising @ophoaiityc af | on
with the plurality of nodes through the plurality of lead wires; and a

cont r olhkgfing FoROSMWARER i cizhWhédtinghgomallcbhprie¥era pyiglitgi &F hb@eﬁ’éﬁd pheexer
sequences and transnits resistances fromthe plurality of nodes to the

cont rolg}, olle%@nfr@ tﬁé’ d%lb't%f \%F %gﬁ'}?%ré‘éH'Hftlﬁ’é hB?ﬁé@zMé&VBé’s%@ecgrP each

of the plurality o ase erences 1n stances b

t he nodes h ord to Caim1, wherein the reS|st|ve
heat i ngn ﬁhggre I g '{] e%ﬁ%é"%%géﬁ%gegﬁmer '%%‘E%r ocess selected fromthe group
consi sting qf th ck film thin film the and sal - gel

heat er syst gm actio® EAPT BYsEemai Fcerdingde 'ﬁ'”t‘ h%%”gé s?qr(}%”sﬁ’é%gq H@lectrlc

layer formed on the resistive heating layer but not over the nodes.

7. The heater system according to Claim 1, wherein the heating surface
defines an outer periphery and the heater system further comprises a plurality of bus
bars disposed along the outer periphery, the bus bars being in electrical contact with the
resistive heating layer,

wherein the controller controls the amount of power provided to the plurality of

bus bars based on the differences in resistances between the bus bars.
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| ayer defines a trace pattern. 4. The heater system according to Caim1,
wherein the resistive heating |ayer defines a continuous pattern that
substantially covers the heating surface. -18 5. The heater system according
to Claim1 further conprising a plurality of heating zones, wherein each
heating zone conprises a plurality of nodes, and the <controller controls

t he anobunt of power provided to each of the heating zones based on the
differences in resistances between the nodes. 6. The heater system according
to Claim1 8urth&mheatedpecocdingygril corepregingi ¢ | ayer formed on the resistive
heating | ayer but not over the nodes. 7. The heater system according to

G aim 1, whereinalghg boegtdefigingld tasking daffaceanda KadtRg NefdcePpvshathd he
heater system further conprises a plurality of bus bars disposed along the
outer pghi; Q@Wecé he bus bars being in electrical contact with the

resistive ating layer, wherein the controller controls the amunt of power

ot stances LZ&%JW ﬁugf%a@!'%eg 26 R s ek M YR eaiet i ng:
agrill E é/ g ing a.coo l]lfaﬁ%mand aheating surface opposite the
cooki ngeURPg & as op {Fesr‘gﬂ'e 135" on the heating surface, the |ayered

heater defini ng at | east one reS| stive heating |layer; and a IuralltY of
nodes di sposed af cPr*l‘gi{a{'Wethré%ﬁqsné'SEquaé@nQrme|h?aé'lnécf’tq’ffaéﬁland in electrica

contact with the resistive heating layer,
wherein differences in resistances between the plurality of nodes are determined

in order to provide requisite power to the plurality of nodes as a function of loads placed

on the cooking surface.
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contact with the resistive heating |layer, wherein differences in resistances
between the plurality of nodes are determned in order to provide requisite
power to the plurality of nodes as a function of |oads placed on the
cooking surface. -20 9. A nethod of controlling power to a heating surface
in response to a load conprising neasuring differences in resistances
between a plurality of nodes disposed along the heating surface and in

el ectrical contact with a resistive heating |ayer of a |ayered heater, and
sel ecti vel y9pr ovA dnetyopaferontrollingeoplenrtala hgatinly s\ottee iaseapdneecta amoaaf t he
differences in resistances. 10. The nethod according to Claim9, wherein a

predet ebmbﬂeid%nﬁwurmgcdiifér@npwirpre_@\‘/sitmsttsetwe@n Rl pUAdlity ¥f Abdewdiepossd @
function of the differences in resistance. 11. The nmethod according to Caim

9, whenRing hefidMing SftReMMeH bRRtid LhREBIGAR 4 NeSiSe halGss layef bf a
layered heater, and selectively providing power to the plurality of nodes as a function of
the differences in resistances.

10.  The method according to Claim 9, wherein a predetermined power profile
is provided to the plurality of nodes as a function of the differences in resistance.

11.  The method according to Claim 9, wherein software determines the

differences in resistances.
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