
US 20030095034A1 

(12) Patent Application Publication (10) Pub. N0.: US 2003/0095034 A1 
(19) United States 

Clothier (43) Pub. Date: May 22, 2003 

(54) METHOD AND APPARATUS FOR 
MAGNETIC INDUCTION HEATING USING 
RADIO FREQUENCY IDENTIFICATION OF 

(52) US. Cl. .......................................................... .. 340/101 

OBJECT TO BE HEATED (57) ABSTRACT 

(76) Inventor: Brian L. Clothier, O’Fallon, IL (US) 
A temperature-regulating induction heating system is pro 

COIIfISPOHdfIHCfI AddreSSI vided Which comprises an induction heater (20) having 
HOVEY WILLIAMS TIMMONS & COLLINS apparatus (36, 38, 40) for receiving RFID transmissions and 
2405 GRAND BLVD" SUITE 400 an induction heatable object (22) With an RFID tag (50). The 
KANSAS CITY’ MO 64108 heater (20) includes a component (28) for generating a 

_ magnetic ?eld, control circuitry including a microprocessor 
(21) Appl' NO" 10/313’658 (32) coupled With the component (28) for selectively initi 

. _ ating and terminating generation of a magnetic ?eld; the 
(22) Flled' Dec' 5’ 2002 receiving apparatus (36, 38, 40) provides information to the 

R l t d Us A l- t- D t microprocessor (32) causing initiation of aheating algorithm 
e a e pp lea Ion a a for the object (22). In preferred forms, the tag (50) and 

(60) Continuation of application No. 09/927,045, ?led on apparatus (36’ 38’ 40) are designed for tWO'Way information 
Aug 9, 2001, HOW abandoned, which is a division of transfer, thereby permitting continuous updating of the 
application NO_ 09/655 942 ?led on Sen 6 2000 information carried by tag (50). In this Way, if induction 
HOW Pat No 6 320 169’_ ’ ’ ’ heating of the object (20) is interrupted, it may be resumed 

’ ’ to nevertheless achieve a desired regulation temperature. 

(60) Provisional application No. 60/152,559, ?led on Sep. Advantageously, the RFID tag (50) and apparatus (36, 38, 
7, 1999_ 40) operate during intermittent interruption of the primary 

magnetic ?eld of the heater (20) to eliminate transmission 
Publication Classi?cation interference. The tag (50) may be equipped With one or more 

thermal sWitches (100, 104, 106) to provide better tempera 
(51) Int. Cl.7 ..................................................... .. H04Q 5/22 ture control. 

51 52 50 
I /l / 

Y/////7/ '////1&/34 
J 4 “30 

—:———~,, 38 
32 

RFID \ SOLID STATE [/28 
READER/WRITER INVERTER 

COUPLER , (ULTRASONIC FREQUENCY) 
I / 

( / 
36 r—#’ 3‘ 

/" _} 4'4 L- ( RECTIFIER /24 
42 QELQJ 



Patent Application Publication May 22, 2003 Sheet 1 0f 7 US 2003/0095034 A1 

46 r22 

RR @W - “*8 

S/////77////7_//2i/554 

38 M01. 
40-\ \20 

32 
RFID \ SOLID STATE #28 

READER/WRITER INVERTER ’ 
COUPLER , (ULTRASONIC FREQUENCY) 

’ / 

( / 
36 v4 31 

?LJ 24 4/4 \ RECTIFIER / 



Patent Application Publication May 22, 2003 Sheet 2 0f 7 US 2003/0095034 A1 

I30 

I26 F[G.4. 

94} 92 /9: )8 r__ ____ _____ __ 

? ‘I 

I i III I F[G.9. 

I I I I I 

I 96 ‘w | l I 
I ‘F "7 I00 
I II I—/ 

IIIL #gi I 
| I 
r | I l I :a I I I I I I I 

‘CI 

I 

__I L__ __I 
1 E 

I 
I 
| 
I 
I 
| 
I 96 
I 
I 
| 
I 
I 
| 
r I I I I I no I00 I I I I I I I I 

I________ l'__'—_l I'_'——‘I 
I I L7 5 OE 





Patent Application Publication May 22, 2003 Sheet 4 0f 7 US 2003/0095034 A1 

comm 

$0.0m 

3 m8; oowm 00 a 

i 

op? 

nwaumlgm 
.@ .QPN 

gumlam 

QQHEBW 

HHHLVHHdWI-Ii EIOVJEIHS ONliOVlNOI) (100i HlV‘ld EI‘IZZIS HOWE/W 



Patent Application Publication May 22, 2003 Sheet 5 0f 7 US 2003/0095034 A1 

POWER TO 
COOKTOP '/54 FlG. 7. 

IS ON 

II 
COOKTOP REVERTS TO 

STANDBY MODE 
TEST PULSE SENT EVERY I.O SECONDS 

MEASURED 

56 = II II I 

I 

I transistor 

I 
IS 

'15‘ |transistor S '2 
58 ? 

NO 

YES 

II 

REID READER/WRITER 
SENDS SIGNALS SEARCHING 

FOR A REID TAG WITH \-/60 
PROPER COB CODE 

REID READER/WRITER 
RETURN A VALID COB 
CODE FROM REID TAG 

'2 

YES 

II 

REID READER/WRITER SENDS /”‘64 
COB CODE TO COOKTOP 

MICROPROCESSOR WHICH DIRECTS 
ALGORITHM TO PROPER HA(COB) 

I 

I 

I I IS 

66\ HA(COB) 
IS EXECUTED lIS Itransistor g‘ I2 

I) 
II ' 

NO 

“YES 



Patent Application Publication May 22, 2003 Sheet 6 0f 7 US 2003/0095034 A1 

STEP 64 (Fig.7) STEP 56 (Fig.7) 

I I 

READ LKPS AND I(LI<PS) /7O RESET ALL 
FROM RFIO TAG AND I TEMPORARY MEMORY 

STORE IN CORRESPONDING VALUES TO ZERO 
TEMPORARY MEMORY LOCATION EXCEPT FOR VALUE PT 

I . I I 
86 

MEASURE VALUE OF ltrunsistor mox OctuOI 
VIA TEST PULSE AND STORE IN '_\72 

CORRESPONDING TEMPORARY MEMORY LOCATION 

I 

CALCULATE CPL’s VIA 
ALTERINO STEP IA /74 

I 

ASSIGN VALUE OF n 
AND STORE IN CORRESPONDING 
TEMPORARY MEMORY LOCATION 

I 

CALCULATE ELCLT ANO STORE , 
IN CORRESPONDING X78 

TEMPORARY MEMORY LOCATION 

I 

CALCULATE EPT AND STORE _ 
EPT VALUE IN CORRESPONDING \8O 
TEMORARY MEMORY LOCATION 

II 

GO TO PROPER 
ACTUAL POWER STEP 

r82 

84 
I 

EXECUTE REMAINOER OF ACTUAL POWER STEPS 68 
TRANsMIT UPOATEO vALUE OF LKPS AND I(LI<Ps) 
FROM RFID REAOER/WRITER TO RFID TAO DURING IS \ 

' LAST 0.15 SECONDS OF EACH ACTUAL POWER sTEP I g I I S , 
AND STORE VALUE IN CORRESPONDING I mist“ 2 NO 

TEMPORARY MEMORY LOCATION - 

‘YES 



Patent Application Publication May 22, 2003 Sheet 7 0f 7 US 2003/0095034 Al 

F[@_ 1 1 I STEP 64 (Fig.7) STEP 56 (Fig.7) 
I I 

READ LKPS AND t(LKPS) /’T7O RESET ALL 
FROM RFID TAC AND TEMPORARY MEMORY 

STORE IN CORRESPONDING vALuES TO ZERO 
TEMPORARY MEMORY LOCATION EXCEPT FOR vALuE PT 

I I 
II 86 

MEASURE VALUE OF |transistor mux OctuOI 
VIA TEST PULSE AND STORE IN '\72 

CORRESPONDINC TEMPORARY MEMORY LOCATION 

I 

CALCULATE CPL'S VIA ALTERING STEP IA_ 

I 

ASSIGN VALUE OF IT AND STORE IN 
CORRESPONDING TEMPORARY MEMORY LOCATION 

I 

CALCULATE ELCLT AND STORE IN ‘\78 
CORRESPONDING TEMPORARY MEMORY LOCATION 

CALCULATE EPT AND STORE “\80 
EPT VALUE IN CORRESPONDING 
TEMORARY MEMORY LOCATION 

[82 
GO TO PROPER ACTUAL POWER STEP“ 

I 

EXECUTE REMAINDER OF ACTUAL POWER STEPS 
TRANSMIT UPDATED VALUE OF LKPS AND t(LKPS) 
FROM REID READER/WRITER TO REID TAG DURING 

LAST 0.15 SECONDS OF EACH ACTUAL POWER STEP 
STORE VALUE IN CORRESPONDINC TEMPORARY 5g 
MEMORY LOCATION; IF DuRINC ANY READ/WRITE I 

OPERATION THE READER/WRITER DETECTS ALTERED IS I 
RFID TAO TRANSMISSION, THEN REvERT TO STANDBY I S I _ g I 
MODE FOR A TIME PERIOD OF (0.5)(MXDT) AND I "WSW 2 NO 

THEN GO TO ACTUAL POWER STEP 11 
I YES 



US 2003/0095034 A1 

METHOD AND APPARATUS FOR MAGNETIC 
INDUCTION HEATING USING RADIO 

FREQUENCY IDENTIFICATION OF OBJECT TO 
BE HEATED 

RELATED APPLICATION 

[0001] This application is a continuation of application 
Ser. No. 09/927,045 ?led Aug. 9, 2001 Which is a division 
of application Ser. No. 09/655,942 ?led Sep. 6, 2000 Which 
claims the bene?t of provisional patent application Serial 
No. 60/152,559 ?led Sep. 7, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention is broadly concerned With 
magnetic induction heating systems and methods Wherein an 
induction heatable object not physically connected to a 
magnetic induction heater can be heated and temperature 
regulated using Radio Frequency Identi?cation (RFID) tech 
nology. More particularly, the invention is concerned With 
such systems, as Well as the individual components thereof, 
Wherein objects to be heated are equipped With RFID tags 
and the induction heaters include RFID readers; When a 
tagged object such as servingWare is placed on a heater, the 
tag transmits information such as the class of object being 
heated, and the heater control circuitry uses the information 
to initiate and carry out an appropriate heating cycle for 
heating and temperature-regulating the object. In preferred 
forms, tWo-Way transmissions betWeen the tag and a reader/ 
Writer is established, With each having electronic memory to 
store relevant heating information. More precise tempera 
ture regulation is achieved using an RFID tag having an 
associated sWitch responsive to an external condition such as 
temperature experienced by the sWitch. The invention is 
applicable to virtually any type of induction heatable object 
such as food servingWare. 

[0004] 2. Description of the Prior Art 

[0005] Us. Pat. Nos. 5,951,900 to Smrke, 4,587,406 to 
Andre, and 3,742,178 to Harnden, Jr. describe non-contact 
temperature regulation methods and devices employing 
magnetic induction heating. In these prior devices, radio 
frequency transmissions betWeen an object to be heated and 
the induction appliance are employed in an attempt to 
control the induction heating process. 

[0006] In Smrke, Andre, and Harnden a temperature sen 
sor of some kind is attached to the object to be heated to 
provide feedback information Which is transmitted to the 
induction appliance. In each case, aside from manual inputs 
by the user, changes to the poWer output from the induction 
appliance made by its controller are based solely upon 
information gathered and transmitted by the temperature 
sensor. Inasmuch as most objects to be temperature regu 
lated are not homogeneous, this sole dependence upon 
feedback from the temperature sensor often leads to 
unWanted temperatures Within certain portions of the object. 
For instance, When a sauce pan ?lled With dense food is 
placed upon an induction cooktop and the poWer is main 
tained at a constant level, the pan surface temperature 
quickly rises, Whereas the food layer furthest aWay from the 
pan is still at ambient temperature. If a temperature sensor 
is placed upon the surface of the pan, the temperature 
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measured at this point may have a unknoWn or variable 
relationship to the temperature of remote food layers. Thus, 
When the sensor reaches a pre-set temperature that the 
induction appliance’s control unit attempts to maintain, 
much of the food may still be cold. Conversely, it the 
temperature sensor is placed adjacent the top layer of food, 
the pan surface may get excessively hot prior to this food 
layer reaching the desired temperature, resulting in scorched 
food near the pan surface. 

[0007] Smrke attempts to solve this problem by requiring 
that the temperature sensor be placed upon the lid of a pot. 
Harnden teaches placing a temperature sensor in direct 
thermal contact With the ferromagnetic inner Wall of a 
vessel. HoWever, regardless of sensor location, the problems 
associated With heating a non-homogeneous object remain. 
Furthermore, neither proposed solution can prevent a tem 
perature sensor from making imperfect thermal contact With 
its intended surface, a likely condition that leads to gross 
inaccuracies in temperature control. It is often difficult to 
manufacture a device so as to place one or more temperature 

sensors in perfect thermal contact. Also, over time, the 
thermal expansions and contractions that the sensor/object 
interface experience leads to imperfect thermal contact. 

[0008] In addition to the requirement for a temperature 
sensor on or adjacent the object to be heated, the prior art 
devices also require periodic or continuous temperature 
measurement of the object, and thus periodic or continuous 
transmissions from the object to a receiver connected to the 
induction appliance. Neither Harnden, Andre, nor Smrke 
teach any practical means of preventing interference 
betWeen these periodic or continuous RF transmissions and 
the main magnetic ?eld produced by the induction appli 
ance, so as to ensure proper receipt of feedback information. 

[0009] In Harnden, a temperature sensor such as a ther 
mistor provides a continuous variable voltage signal, corre 
sponding to the temperature sensed, to a voltage control 
oscillator located Within the object. The voltage control 
oscillator produces a variable frequency signal that corre 
sponds to the sensed temperature. This variable radio fre 
quency signal is transmitted to a receiving unit that is 
connected to the induction cooking range. In Andre, tem 
perature measurements of the object are periodically trans 
mitted to a receiving/controlling unit at constant intervals of 
time. Each temperature value is stored in the controlling 
unit’s memory. A differentiating circuit then calculates the 
temperature difference and uses this information to control 
a heating element. 

[0010] In order to the ensure proper reception of such 
temperature-based radio frequency feedback information, 
Harnden teaches that the output frequency of the feedback 
signal should be at least a megahertZ or multiples thereof. 
This is not a practical solution for an emissions-regulated 
production appliance. In Andre and Smrke no consideration 
is given to any Way of preventing interference betWeen the 
RF temperature signal and the main magnetic ?eld. 

[0011] Furthermore, although temperature information 
from the object is important, it is often not sufficient to 
execute a proper heating operation to a desired regulation 
temperature Within a desired period of time. For instance, it 
is Well knoWn that the poWer applied to an object placed 
upon an induction cooktop depends greatly upon the dis 
tance betWeen the object’s ferromagnetic material and the 
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Work coil of the cooktop. Should an object require a par 
ticular graduated power application to prevent overheating 
of some parts of the object While reaching the desired 
regulation temperature throughout the object, as in the 
earlier sauce pan example, it is essential that the proper 
poWer be coupled to the object during each graduation. 
Furthermore, most practical heating operations required that 
the prescribed regulation temperature be reached Within a 
maximum prescribed time. This restraint makes it even more 
important that proper poWer be applied during each tem 
perature gradation. A means to correct for inconsistent 
poWer coupling that is based upon comparisons betWeen 
poWer measurements and stored poWer coupling data is 
essential to achieve consistent heating operations and accu 
rate temperature regulation. Neither Smrke, Andre, nor 
Harnden address the transmission or use of other than 
temperature information. 

[0012] Finally, although Smrke and Andre attempt to 
provide for multiple induction appliance operation With 
like-type objects, neither teaches hoW a single induction 
appliance may automatically differentiate betWeen different 
types of objects placed upon it so as to apply a unique 
heating operation to each type. Andre employs differential 
temperature measurement to prevent overheating an object 
that is placed upon a different, unintended heating element. 
In Smrke, When more than one induction appliance exists, a 
central electronic unit that is connected to all induction 
appliances can accept signals from each transmitter attached 
to its respective pot and use them to determine Which 
induction appliance the pot is atop. In neither case can a 
single induction appliance differentiate among various types 
of objects prior to commencement of heating of each object 
type. 

[0013] RFID is an automatic identi?cation technology 
similar in application to bar code technology, but uses radio 
frequency instead of optical signals. RFID systems can be 
either read-only or read/Write. For a read-only system such 
as Motorola’s OMR-705+reader and IT-254E tag, an RFID 
system consists of tWo major components—a reader and a 
special “tag”. The reader performs several functions, one of 
Which is to produce a loW-level radio frequency magnetic 
?eld, typically either at 125 kHZ or at 13.56 MHZ. The RF 
magnetic ?eld emanates from the reader by means of a 
transmitting antenna, typically in the form of a coil. Areader 
may be sold in tWo separate parts: an RFID coupler, includ 
ing a radio processing unit and a digital processing unit, and 
a detachable antenna. An RFID tag also contains an antenna, 
also typically in the form of a coil, and an integrated circuit 
(IC). Read/Write systems permit tWo-Way communication 
betWeen the tag and reader/Writer, and both of these com 
ponents typically include electronic memory for the storing 
of received information. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a greatly improved 
method and apparatus for the magnetic induction heating of 
objects, especially for the temperature regulation of such 
objects at and approximate to predetermined temperatures. 
Broadly speaking, the invention contemplates a combination 
of an induction heating device and an induction heatable 
object Wherein the object is equipped With an RFID tag and 
the heating device has apparatus for receiving information 
from the RFID tag. In use, the object is placed adjacent the 
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heating device and the RFID tag is caused to transmit 
information (typically about a heating characteristic of the 
object) to the information-receiving apparatus associated 
With the heating device; this information is used in the 
control of the magnetic ?eld generator forming a part of the 
heating device. 

[0015] In preferred forms, the induction heating device 
includes a component (e.g., an ultrasonic frequency inverter) 
for generating a magnetic ?eld in order to inductively heat 
the object, together With microprocessor-based control cir 
cuitry coupled With the generating component for selectively 
initiating and terminating magnetic ?eld generation. The 
information-receiving apparatus is operably coupled With 
the control circuitry, and normally includes an RFID signal 
reader (preferably a reader/Writer) and an RFID poWer 
transmission antenna. The RFID tag associated With the 
object to be heated includes a transmission circuit and an 
antenna. In the preferred tWo-Way systems of the invention, 
both the reader/Writer and the RFID tag have electronic 
memory for storing information. The control circuitry of the 
heating device also advantageously includes a sensor oper 
able to measure a circuit parameter related to the impedance 
of the load experienced by the device; such a sensor peri 
odically or continuously determines such a parameter (such 
as current) in order to determine if the object to be heated is 
placed Within the magnetic ?eld. 

[0016] A particular feature of the invention is that the 
RFID tags associated With respective classes of objects to be 
heated permit the use of different induction heating devices, 
so long as the latter are equipped With RFID readers and 
associated circuitry. Moreover, a given induction heating 
device may store multiple heating algorithms designed for 
heating of different classes of objects; When an object of a 
given class is placed on the device, the object tag transmits 
to the reader the identity of the class, thus initiating the 
heating algorithm for that class. Additionally, in the pre 
ferred systems of the invention the object tag contains stored 
information Which is periodically updated by transmissions 
from the reader/Writer, thereby storing on the tag the relevant 
induction heating history of the particular object. In this Way, 
if a particular object is removed from the induction heater 
for a short period of time and then replaced, the updated 
RFID tag information can be communicated to the induction 
heater so as to resume the appropriate heating algorithm. 

[0017] In order to assure high integrity, interference-free 
transmissions betWeen the RFID tag and the reader/Writer, 
the induction heating device is designed so that these 
transmissions occur during intermittent cessations of opera 
tion of the primary magnetic ?eld generator of the heater. 

[0018] In order to provide better temperature regulation, 
the RFID tags associated With objects to be heated include 
a sWitch Which is sWitchable betWeen circuit make and 
circuit break orientations in response to an external condi 
tion experienced by the sWitch, thereby altering the opera 
tion of the RFID tag. For example, one or more thermal 
sWitches may be operably coupled With the tag (usually the 
antenna or EEPROM of the tag) so that When the thermal 
sWitch experiences a predetermined temperature condition, 
the sWitch(es) responsively operate to prevent or alter trans 
mission of information from the tag. 

[0019] Induction heatable objects equipped With the RFID 
tags of the invention, as Well as induction heaters having 
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appropriate control circuitry and apparatus for receiving 
RFID tag information, corresponding methods, and RFID 
tag-sWitch composites are also separate, individual aspects 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic vieW of an induction heating 
device in accordance With the invention, supporting serv 
ingWare designed to be heated using the device; 

[0021] FIG. 2 is a schematic cross-sectional vieW of a 
china plate body equipped With a metallic coating on its 
bottom surface and a centrally located RFID tag adhered to 
the metallic coating; 

[0022] FIG. 3 is a schematic vertical sectional vieW of a 
china body espresso cup With a metallic coating on its 
bottom surface and a centrally located RFID tag adhered to 
the bottom surface; 

[0023] FIG. 4 is a perspective vieW With parts broken 
aWay illustrating a heat-retentive pellet having an RFID tag 
centrally secured to the upper surface thereof; 

[0024] FIG. 5 is a graph of cooktop poWer versus time 
illustrating the sequence of ideal poWer steps comprising a 
portion of the heating algorithm for the servingWare illus 
trated in FIG. 1, and With a graph overlay of the average 
surface temperature of the servingWare plotted on the same 
time scale; 

[0025] FIG. 6 is a graph of the average surface tempera 
ture of the FIG. 1 servingWare versus time, illustrating an 
ideal cooling behavior; 

[0026] FIG. 7 is a How chart of a preferred overall 
softWare algorithm for the heating device of the invention; 

[0027] FIG. 8 is a How chart of a speci?c softWare heating 
algorithm relative to the servingWare depicted in FIG. 1; 

[0028] FIG. 9 is a schematic representation of an RFID 
antenna With one thermal sWitch attached; 

[0029] FIG. 10 is a schematic representation similar to 
that of FIG. 9 but illustrating an RFID antenna With tWo 
series-attached thermal sWitches; and 

[0030] FIG. 11 is a list of exemplary instructions illus 
trating the heating operation for an object employing an 
RFID tag With one or more thermal sWitches attached 
thereto, and Wherein the temperature information is used to 
de?ne regulation temperature. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0031] Embodiment of FIG. 1 

[0032] Broadly speaking, the heating apparatus of the 
invention includes a specialiZed magnetic induction heating 
device together With an induction heatable object to be 
temperature-regulated Which has a RFID read/Write tag. To 
this end, the heating device is preferably capable of reading 
the digital information stored on the RFID tag, and also may 
periodically Write neW digital information onto the tag. 
Appropriate softWare algorithms are provided for micropro 
cessor control of the heating device, and can be modi?ed 
based upon information read from the RFID tag and/or from 
measured induction heating device circuit parameters. 
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[0033] The preferred embodiments of the present inven 
tion relating to cookWare and controlled induction heating 
thereof incorporate some of the features described in US. 
Pat. No. 5,954,984 and pending application for US. patent 
Ser. No. 09/314,824 ?led Feb. 19, 1999 Which are incorpo 
rated by reference herein. 

[0034] FIG. 1 depicts a preferred induction heating device 
in the form of a cooktop 20, With exemplary, induction 
heatable servingWare 22 thereon, in this case a so-called 
“siZZle plate” used in restaurants. The device 20 comprises 
a recti?er 24 coupled With commercially available alternat 
ing current from an outlet 26, in order to convert the 
alternating current to direct current. The recti?er is coupled 
With a solid state inverter 28 in order to convert the direct 
current into ultrasonic frequency current (preferably from 
about 20-100 kHZ) directed through induction Work coil 30. 
A microprocessor-based control circuit including micropro 
cessor 32 is operably coupled With and controls the inverter 
28; this circuitry may also control various other of the 
cooktop’s internal and user-interface functions. The control 
circuitry also includes a circuit parameter sensor 31 coupled 
With microprocessor 32 to measure a parameter related to or 
dependent upon the load experienced by device 20 during 
use; in practice, this may be a current sensor Within inverter 
28 Which measures current through one of the inverter’s 
sWitching transistors. The device 20 also includes an object 
support 34 above the coil 30. Items 24, 28, 30, 32, and 34 
comprise the major components of many commercially 
available induction cooktops. One particularly preferred 
induction cooktop useful in the context of this invention is 
CookTek Model CD-1800, although a variety of other 
commercially available appliances may also be used. 

[0035] The device 20 also includes a RFID reader/Writer 
coupler 36 Which is connected With the microprocessor 32; 
this connection preferably alloWs RS-232 protocol commu 
nications. The preferred coupler 36 is Gemplus’ Gem 
WaveTM Medio SO13. This coupler has RS-232, RS485, and 
TTL communication protocols and can transmit data at up to 
26 kb/s. In addition, an RFID antenna 38 forms a part of the 
device 20, and is connected to coupler 36 via coaxial cable 
40. Gemplus’ Model 1“ antenna is preferably used because 
of its small siZe, lack of a ground plane, and a read/Write 
range of approximately tWo inches; Gemplus’ Model Medio 
A-SA also Works satisfactorily. 

[0036] The device 20 normally also includes a real time 
clock 42 Which can maintain accurate time over long peri 
ods. The clock is microprocessor-compatible and preferably 
contains a back-up poWer supply that can operate for pro 
longed periods if the induction heating device 20 is 
unplugged. Compatible clocks include National Semicon 
ductor Model MM58274C or Dallas Semiconductor Model 
DS-1286. 

[0037] The device 20 also preferably has additional 
memory 44 that can be accessed by the microprocessor 32. 
The memory device 44 should be capable of being either 
Written to easily or replaced easily so as to alloW the user to 
add softWare algorithms Whenever a neW type of object, not 
previously programmed, is to be heated using the device 20. 
One preferred memory unit is a ?ash memory card such as 
Micron’s CompactFlash card; another is an EEPROM 
device or a ?ash memory device equipped With a modem 
connection so as to alloW reprogramming from a remote site 
over a telephone line. 
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[0038] The exemplary servingWare 22 in the form of a 
“sizzle plate” includes a metallic (e.g., cast iron) pan 46 that 
is set into a base 48 typically formed of Wood, plastic or 
ceramic materials. ARFID tag 50 is operably coupled to the 
servingWare 22 in a recess formed in base 48, and is secured 
via adhesive 51 or some other suitable connection medium. 
One preferred RFID tag is Gemplus’ GemWave Ario 40-SL 
Stamp having dimensions of l7><l7><1.6 mm and designed to 
Withstand eXtreme temperature, humidity and pressure con 
ditions. This tag has a factory embedded 8 byte code in block 
Zero, page Zero of its memory, and has tWo kb EEPROM 
memory arranged in four blocks, each block containing four 
pages of data. Each page of 8 bytes can be Written to 
separately by the reader. Other suitable RFID tags include 
Gemplus’ Ario 40-SL Module, and the ultra-small Gemplus’ 
Ario 40-SDM. 

[0039] As shoWn, the RFID tag 50 need not be in direct 
thermal contact With the portion of the object in Which 
current is being induced, such as the metallic plate 46 of the 
servingWare 22. In fact, due to the limited operating tem 
peratures of most RFID tags (the Motorola IT-254E tag can 
Withstand continuous operating temperatures up to 200° C., 
the Gemplus Ario-40 SL Stamp tag can Withstand tempera 
tures up to 350° F.), it is preferred that the tag be someWhat 
thermally isolated from any such metallic heating element. 
The important point is that the tag 50 Will carry information 
about the object’s identity and its induction heating history. 
Furthermore, the tag Will transmit that information to any 
RFID reader/Writer that interrogates it. When the tag 
receives the magnetic ?eld energy of the reader, it transmits 
programmed memory information in the IC to the reader, 
Which then validates the signal, decodes the data, and 
transmits the data to a desired output device in a desired 
format. This programmed memory information typically 
includes a digital code that uniquely identi?es an object. The 
RFID tag may be several inches aWay from the RFID 
reader’s antenna and still communicate With the reader. 

[0040] The servingWare 22 depicted in FIG. 2 also illus 
trates the use of an optional thermal sWitch 52. Such a sWitch 
is not required, but is often preferred. The speci?c design 
and use of a thermal sWitch in this conteXt is described in 
greater detail. 

[0041] In the folloWing discussion, the hardWare construc 
tion and softWare control of the exemplary induction heating 
device 20 and the siZZle plate servingWare 22 Will be 
described in detail. It should be understood, of course, that 
this discussion is equally applicable (With appropriate 
changes based upon desired end uses) to all types of other 
servingWare such as illustrated in FIGS. 2 and 3, and also 
to a Wide variety of other induction heatable objects such as 
the heating pellet depicted in FIG. 4. Therefore, this descrip 
tion should be taken in a broad sense as merely one possible 
utiliZation of the invention. 

HardWare Integration—RFID Reader/Writer 

[0042] As noted previously, the RFID reader/Writer 36 is 
operably coupled With the microprocessor-based control 
circuit of the induction heating device 20. The antenna 38 of 
the RFID reader/Writer 36 should be placed such that the 
servingWare 22 is Within reading/Writing distance from the 
RFID reader/Writer 36 When the servingWare 22 object is to 
be heated. In one preferred antenna con?guration, a ?at 
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spiral antenna coil of the RFID antenna is situated in planar 
relationship and Within the central opening of the Work coil 
30. Referring to FIG. 1, tests have shoWn that the RFID 
antenna may also be placed betWeen plane of the induction 
Work coil 30 and the cooktop support surface 34 Without 
inducing detrimental currents in the RFID antenna during 
cooktop operation. 
[0043] Regardless of the precise antenna orientation, it is 
preferred that the antenna 38 be placed in the center of the 
Work coil 30. In order to heat various types of objects evenly 
on the same Work coil 30, it is desirable to center each item 
over the Work coil 30. Furthermore, a single RFID antenna 
38 should preferably couple With a tag 50 placed upon one 
of as many different types of induction-compatible objects 
as possible. 

[0044] The RFID reader/Writer and tag system made up of 
the reader/Writer 36, antenna 38 and RFID tag 50 should 
transmit and receive at least the folloWing types of infor 
mation: 1) the type or class of object (hereafter referred to 
as COB); 2) the object’s last knoWn poWer step of the 
heating algorithm (hereafter referred to as LKPS); and 3) the 
last knoWn time of application of the last knoWn poWer step 
of the heating algorithm (hereafter referred to as t(LKPS)). 
This information should be transmitted by the RFID tag 50 
and read by the RFID reader/Writer 36 upon placement of an 
object such as the servingWare 22 atop the device 20. 
Furthermore, this information (With the exception of COB), 
and possibly other information, is preferably reWritten to the 
RFID tag 50 once every chosen time interval, Atbetween 
transmit, during the entire time the servingWare 22 is being 
brought to the selected regulation temperature by the device 
20. The duration of time that is required for the read/Write 
operation to take place is referred to as Attmnsmit. Using a 
read/Write system such as Gemplus’ GemWave MedioTM 
SO13 reader/Writer and Ario 40-SL read/Write tag, Attransmit 
for pre-production prototypes has been found to be approxi 
mately 150 milliseconds. 

[0045] Preferably, the communication betWeen the reader/ 
Writer 36 and tag 50 occurs during interruptions in magnetic 
?eld production by the device 20. That is, it is desirable to 
interrupt the production of the main magnetic ?eld just prior 
to the transmission of information betWeen the RFID reader/ 
Writer 36 and tag 50, and to resume production of the main 
magnetic ?eld after cessation of RFID transmission. This 
interruption can be triggered by using a 5 volt output signal 
emanating from one of the three built-in output ports on the 
Gemplus Medio SO-13 coupler to trigger the inverter of the 
cooktop. Alternatively, due to the microprocessor control of 
most cooktops and available communication betWeen the 
RFID coupler and said microprocessor, the interruption may 
be synchroniZed through the microprocessor 32. 

[0046] For instance, even during normal operation, a 
CookTek Model C-1800 cooktop’s inverter is “on” (current 
is ?oWing through the sWitching elements to the Work coil 
so as to replenish energy transferred to the load) for only 59 
of 60 poWer supply (line) cycles even When the highest 
poWer output level is used. For loWer output levels during 
normal operation, feWer than 59 “on” cycles of the inverter 
are used. 

[0047] During the “off” times of the inverter no recti?ed 
current is alloWed to How from the AC poWer source through 
the sWitching elements to the Work coil 30. During these 
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“off” times, the near-Zero intensity of the emanating mag 
netic ?eld produces no interference With transmissions 
betWeen RFID tag 50 and reader/Writer 36. The micropro 
cessor 32 can thus control the number and timing of “on” 
and “off” cycles of the inverter and also control the time at 
Which the RFID reader/Writer 36 transmits and receives 
information from the RFID tag 50. Thus, it is possible to 
successfully read and Write information from RFID reader/ 
Writer 36 to RFID tag 50 during the “off” times of the 
inverter When magnetic ?eld interference is at a minimum, 
even Without modifying the “normal operations” poWer 
level duty cycles. 
[0048] Furthermore, because of the ?exibility and ease of 
programming of the microprocessor 32, the “normal opera 
tions” poWer level duty cycles can be modi?ed to cause the 
inverter to remain “off” for any number of cycles during a 
chosen 60 cycle period or during some other time interval. 
These “off” cycles may be timed to occur periodically 
beginning at any desired time interval. For instance, at 
consecutive time intervals hereafter referred to as “elapsed 
time betWeen commencement of transmittals”, or Atbetween 
transmit, the microprocessor can ensure that current ?oWing 
through the sWitching transistors to the Work coil 30 is 
interrupted for a duration of time, Attmnsmit. In this eXample, 
the maXimum possible effective percentage of “on” time of 
the inverter is {(Atbetween transrnit_Attransrnig/(Atbetween trans' 
rnit)}. It should be noted that, because Atbetween transmit is 
consistent, Atbetween transmit is also the elapsed time betWeen 
termination of transmittals. Regardless of the periodicity 
chosen, a suf?cient interference-free transmit/receive period 
can be achieved by synchroniZing the transmit/receive 
period of the RFID reader/Writer/tag system 36, 38, 50 With 
the times of near-Zero magnetic ?eld production of the Work 
coil 30. 

[0049] Inasmuch as the RFID reader/Writer 36 may be 
chosen to have an output frequency (either 125 kHZ, 13.56 
MHZ, or other frequencies) far different from that of the 
induction cooktop (typically 20-60 kHZ), its associated 
antenna 38 may transmit and receive data from the RFID tag 
reliably during these inverter “off” times. Furthermore, since 
the Watt density of the ?eld produced by the magnetic 
induction cooktop is suf?ciently loW, the antennas of the 
reader/Writer 36 and tag 50 do not develop damaging 
currents from eXposure to said ?eld during the inverter on 
times. 

SoftWare Integration 
[0050] The principal purpose of softWare integration is to 
implement a softWare algorithm to be folloWed by the 
magnetic induction heating, device 20 that alloWs it to heat 
an object that may begin a heating cycle at any given 
temperature to the desired regulation temperature and main 
tain it there over an inde?nite period of time. “SoftWare 
integration”, refers to the fact that the softWare algorithm 
should preferably alloW the microprocessor 32 to use the 
folloWing three sources of information to tailor a pre 
programmed heating algorithm to the speci?c initial condi 
tions that eXist When heating begins: 1) information 
retrieved from the RFID tag 50; 2) information from the 
circuit sensors of the device 20 Which monitor circuit 
parameters such as current and voltage; and 3) information 
stored in a memory accessible to the microprocessor 32. 

[0051] Another purpose of the softWare algorithm is to 
alloW many different types of objects, each With a different 
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regulation temperature and heating requirement, to be tem 
perature regulated using the same device 20. This can be 
easily accomplished if the RFID tag 50 of each respective 
object stores identity information that, once read by the 
RFID reader/Writer 36, is used by this softWare algorithm to 
access and modify the proper pre-programmed heating algo 
rithm that has been designed for that speci?c type of object. 

[0052] In summary, the microprocessor 32 of the device 
20 has an overriding softWare algorithm that, based upon a 
particular RFID tag’s identity information, accesses one of 
many pre-programmed heating algorithms. A pre-pro 
grammed heating algorithm, hereafter referred to as a “heat 
ing algorithm for a speci?c class of object”, or HA(COB), is 
a speci?c set of data, formulas for calculating necessary 
variables, and instructions stored in memory that is used by 
the cooktop to heat and temperature regulate a speci?c 
“class of object”, (COB). The basic tasks of the HA(COB) 
are to: 

[0053] Task 1: Estimate the Present Temperature of 
the Object, EPT. 

[0054] Task 2: Using the calculated value of EPT, 
begin heating the object using “corrected” poWer 
levels for speci?c elapsed times (beginning at the 
proper “corrected” poWer level and for the proper 
elapsed time at the poWer level) so as to bring the 
object from its EPT to the desired regulation tem 
perature and maintain it there. 

[0055] Task 3: Update the RFID tag 50 attached to 
the object With the obj ect’s last knoWn poWer step of 
the heating algorithm, LKPS, and the time of appli 
cation of this step of the heating algorithm, t(LKPS), 
once every time interval Atbetween transmit until reach 
ing the desired regulation temperature. 

[0056] To accomplish these basic tasks, an HA(COB) 
maybe developed and implemented in the manner described 
beloW. For purposes of eXample, the softWare required to 
properly heat the “siZZle platter” depicted in FIG. 1 using 
the device 20 Will be described, Wherein the food-contacting 
surface of the cast iron pan 46 should have a desired 
regulation temperature of 250° F. plus or minus 20° F. 

Heating Algorithm 
[0057] In order to accomplish Tasks 1 and 2, “permanent 
memory” data that is required to temperature regulate the 
object under “ideal” operating conditions should ?rst be 
gathered. This data includes both heating and cooling infor 
mation gathered under “ideal” operating conditions. Perma 
nent memory data is not updated periodically, but is perma 
nently stored in a memory location corresponding to, or 
easily accessible to, HA(siZZle plate). Although it is pre 
ferred that the permanent memory data be stored in a 
memory device that is part of the induction heating device 
(such as the additional memory device 44 of FIG. 1), it is 
also possible for this information to be stored Within the 
RFID tag’s EEPROM memory. In this case, the EEPROM 
memory locations corresponding to this permanent memory 
data need not be re-Written to once the RFID tag is put into 
service. Regardless of the physical location of the permanent 
memory data, it must be available to the microprocessor 32 
prior to and during the heating operation. 

[0058] Then knoWing that ideal operating conditions Will 
almost never occur, “altering” instructions and formulas to 
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be used within the heating algorithm are developed to allow 
the system to operate under “actual” operating conditions. 
Finally, for these “altering” instructions and formulas to be 
used within the heating algorithm, information is periodi 
cally gathered by the RFID reader/writer 36 and by the 
cooktop circuit sensors. This gathered information is stored 
in “temporary memory” and is updated periodically through 
out the heating operation. 

[0059] The resultant set of “altering” instructions and 
formulas, stored “permanent memory” information, and 
“temporary memory” information comprise the “building 
blocks” of the heating algorithm that is programmed for use 
by the integrated microprocessor 32. An actual software 
algorithm and the HA(siZZle plate) algorithm will be 
described line-by-line once these “building blocks” have 
been described below. 

[0060] “Building Block” 1: “Permanent Memory” Data 
under “Ideal” Conditions 

[0061] Assumed “ideal” operating conditions for a siZZle 
plate are that the siZZle plate: 1) is never heated from an 
initial plate temperature lower than room temperature, 2) is 
always heated with no food on its upper surface, 3) is always 
placed on the device 20 so as to magnetically couple at peak 
ef?ciency, and 4) is always removed from the cooktop only 
when it has reached the desired regulation temperature. With 
these ideal conditions controlled, a representative siZZle 
plate is heated on a representative magnetic induction cook 
top. Thermocouples are attached to the siZZle plate and their 
measurements are used as feedback by the cooktop’s micro 
processor so as to bring the object to the desired regulation 
temperature in the desired period of time. The same feed 
back is used to maintain the desired regulation temperature 
for a period of time until equilibrium exists and a distinct 
pattern of required cooktop warming operations emerges. 
Once the cooktop is operating to heat and warm the siZZle 
plate within speci?cations, measurements are taken of all 
signi?cant object temperature and cooktop circuit param 
eters while the siZZle plate is being heated to its regulation 
temperature and held there. 

[0062] The following information is gathered and stored in 
“permanent memory” which is accessible to the cooktop’s 
microprocessor for use within HA(siZZle plate). 

TABLE 1 

Information Code Identi?er 

1) Time period between start of read/write 
transmissions from/to RFID tag 

2) Ideal Power Level #1 (93% Inverter “on” time) IPL 1 
Command 111 “on” cycles, 9 “off” cycles, repeat 

3) Ideal Power Level #2 (83% Inverter “on” time) IPL 2 
Command 100 “on” cycles, 20 “off” cycles, repeat 

4) Ideal Power Level #3 (74% Inverter “on” time) IPL 3 
Command 89 “on” cycles, 31 “of’ cycles, repeat 

5) Ideal Power Level #4 (65% Inverter “on” time) IPL 4 
Command 78 “on” cycles, 42 “of’ cycles, repeat 

6) Ideal Power Level #5 (55% Inverter “on” time) IPL 5 
Command 66 “on” cycles, 54 “of’ cycles, repeat 

Atbetween transit 

7) Lowest expected operating temperature (72 T(O) 
8) Temperature after Ideal Power Step 1 T(1) 
9) Temperature after Ideal Power Step 2 T(2) 

10) Temperature after Ideal Power Step 3 T(3) 
11) Temperature after Ideal Power Step 4 T(4) 
12) Temperature after Ideal Power Step 5 T(5) 
13) Temperature after Ideal Power Step 6 T(6) 
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TABLE 1-continued 

Information Code Identi?er 

14) Temperature after Ideal Power Step 7 T(7) 
15) Temperature after Ideal Power Step 8 T(8) 
16) Temperature after Ideal Power Step 9 T(9) 
17) Regulation Temperature (250 T(10) 
18) Linear Cooling rate #1 (from T(10) to T(6)) CR1 
19) Linear Cooling rate #2 (from T(6) to T(2)) CR2 
20) Linear Cooling rate #3 (from T(2) to T(O)) CR3 
21) Magnitude of the current that ?ows through Imnsism max ideal 

the cooktop’s switching transistor during inverter 
“on” times with the load ideally coupled 

22) Maximum delay time (120 seconds) MXDT 

[0063] The time scale for the heating process, which is 
what Atbetween transmit effectively is, is chosen dependent 
upon customer demands. It is assumed that the customer has 
required that the siZZle plate be heated from room tempera 
ture to its upper food contacting surface temperature of 250° 
F.:20° F. within 25 seconds after being placed upon the 
cooktop. Through calculation and experimentation, it has 
been determined that a 5.0 kW induction cooktop employing 
the power control method of the CookTek Model CD-1800 
cooktop can accomplish this task. It should be noted that the 
value of otbetween transmit It will determine the accuracy and 
precision of a given temperature regulation operation for this 
preferred regulation method wherein no temperature sensor 
is employed. The smaller the effective heating time scale 
chosen, the more accurate the regulation temperature will be 
and the smaller the variations in temperature about said 
regulation temperature will be. However, the smaller the 
time scale chosen, the fewer number of complete heating 
cycles an RFID tag will endure before needing to be 
replaced. A typical RFID tag is designed to operate for at 
least 100,000 read/write operations before failure. Since the 
time required to heat the siZZle plate of FIG. 1 from room 
temperature to an average upper surface temperature of 250° 
F. requires at fewest 10 read/write operations, the RFID tag 
attached to the siZZle plate cannot be guaranteed to last more 
than 10,000 heating cycles. 

[0064] Based upon the assumed customer requirements 
and a selected balance between accuracy, precision, and 
system longevity, Atbetween transmit for the siZZle plate appli 
cation is selected as 2.0 seconds. This value is stored in 
permanent memory which is accessible to the cooktop’s 
microprocessor for use within the HA(siZZle plate). 

[0065] It would appear that the simplest way to induction 
heat the siZZle plate such that the upper food-contacting 
surface reaches a uniform 250° F. temperature would be to 
apply all available coupled power from the cooktop for the 
entire heating time period. However, for many objects, 
including this siZZle plate, the skin effect, combined with the 
?nite thermal conductivity of the object itself, causes a delay 
in temperature equilibration between the temperature of the 
food-contacting surface and the surface closest to the induc 
tion work coil. Thus, in this case, it is found that the best way 
to achieve a uniform 250° F. food-contacting surface at the 
end of the heating cycle without grossly overshooting it or 
without causing the surface nearest the work coil to reach 
temperatures much higher than 250° F. is to “step down” the 
level of the power levels applied to the siZZle plate as the 
temperature of the food-contacting surface increases. 
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[0066] FIG. 5 graphically depicts the desired sequence of 
“ideal” power levels to be applied to the siZZle plate at room 
temperature to achieve a uniform 250° F. food-contacting 
surface within 25 seconds. Each ideal power level applica 
tion for a unit of time equal to one time interval Atbetween 
transmit will be hereafter referred to as an “Ideal Power Step.” 
There are ten Ideal Power Steps in this example required to 
bring the siZZle plate from room temperature to a uniform 
surface temperature of 250° F. It should be noted that the 
average food-contacting surface temperature siZZle plate 
actually reaches only 2500 F. at the end of Ideal Power Step 
10, but it continues to climb thereafter. Table 2 is a written 
list of the sequence of Ideal Power Steps as shown in FIG. 
5. This sequence of Ideal Power Steps is used as the 
blueprint to command the cooktop’s operation during a 
heating operation of the siZZle plate except that “ideal” 
power levels will be replaced within each Ideal Power Step 
by “corrected” power levels. 

TABLE 2 

Step Number Command to Cooktop 

Ideal Power Step 1 
Ideal Power Step 2 
Ideal Power Step 3 
Ideal Power Step 4 
Ideal Power Step 5 
Ideal Power Step 6 
Ideal Power Step 7 
Ideal Power Step 8 
Ideal Power Step 9 
Ideal Power Step 10 
Time Period MXDT 

Apply IPL1 for 2 sec" 
Apply IPL1 for 2 sec" 
Apply IPL1 for 2 sec" 
Apply IPL1 for 2 sec" 
Apply IPL 2 for 2 sec" 
Apply IPL 2 for 2 sec" 
Apply IPL 3 for 2 sec" 
Apply IPL 3 for 2 sec" 
Apply IPL 4 for 2 sec" 
Apply IPL 4 for 2 sec" 
Command CookTop into Standby Mode 
where 1 cycle test pulses check for load 
within impedance limits** 

Ideal Power Step 11 Apply IPL 5 for 2 sec** 
Time Period (0.50)(MXDT) Command CookTop into Standby Mode 

where 1 cycle test pulses check for load 
within impedance limits** 

Ideal Power Step 11 Apply IPL 5 for 2 sec** 
Time Period (0.50)(MXDT) Command CookTop into Standby Mode 

where 1 cycle test pulses check for load 
within impedance limits** 

Repeat Previous Two Steps 
Inde?nitely" * 

*during the last 0.15 seconds of every Ideal Power Step, the RFID reader/ 
writer communicates with the RFID tag. 
**The value of LKPS will never be assigned greater than the number 10. 
However, the actual time of completion of each Actual Power Step 11 will 
be used to update t(LKPS). 

[0067] The magnitude of each ideal power level within the 
sequence of Ideal Power Steps is “ideal” because it is based 
upon a desired (“ideal”) power coupling ef?ciency between 
the object and the work coil of the induction cooktop, i.e., it 
is based upon the cast iron portion of the siZZle plate being 
centered over the work coil, the cast iron portion of the siZZle 
plate being the standard height above the work coil, and the 
line voltage of the commercial power supply being at a value 
chosen as standard. Although the power level of a cooktop 
such as the CookTek Model CD-1800 cooktop, or its 5 kW 
counterpart, may be 59 “on” cycles of 60 line cycles, the 
actual power coupled to the siZZle plate may be less for a 
siZZle plate not centered over the work coil than for siZZle 
plate with ideal coupling ef?ciency on the same cooktop 
employing only 40 “on” cycles of 60 available cycles. Thus, 
it is important that a distinction be made between a “power 
level” and the actual power coupled to the load (siZZle plate). 
Therefore, for this example wherein the cooktop’s power 
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output is controlled by the percentage of inverter “on” time, 
a “power level” will hereafter be expressed in terms of 
percentage of inverter “on” time. The actual power coupled 
to the siZZle plate for a given “power level” can be deduced 
(and will be expressed hereafter) by measuring one or more 
of various cooktop circuit parameters. 

[0068] The highest ideal power level used during ?nal 
modeling (Ideal Power Level 1, hereafter referred to as 
IPL1) to determine this sequence of Ideal Power Steps is the 
highest that will be available to the heating algorithm under 
ideal conditions. Therefore, it is the power level for which 
the effective percentage of “on” time of the inverter is 

{(Atbe‘ween mmsmi‘_Attransrnit)/(Atbetween transmit)}' Subse 
quently applied lower ideal power levels (Ideal Power Level 
2 (IPL2), Ideal Power Level 3 (IPL3), Ideal Power Level 4 
(IPL4), and Ideal Power Level 5 (IPL5)) are also described 
in terms of percentage of inverter “on” time. These percent 
ages for the siZZle plate example are described later in this 
disclosure. 

[0069] FIG. 5 also shows the ?rst of a sequence of Ideal 
Power Steps to be applied to the siZZle plate once it reaches 

250° F. so as to maintain it at that temperature (within 20 inde?nitely. Ideal Power Step 11 is a short burst of energy 

applied to the object over one time interval Atbetween transmit 
that adds enough energy to overcome losses to the environ 
ment while the object is awaiting usage. For the siZZle plate, 
Ideal Power Step 11 is applied at an ideal power level of 
55% inverter “on” time and for a duration of one time period 
Atbetween transmit. It should be noted that after Ideal Power 
Step 10 is completed, transmissions between RFID reader/ 
writer and RFID tag to update t(LKPS) but not the actual 
value of LKPS are still made. Thus the value LKPS remains 
at 10 during Ideal Power Step 11 applications but the value 
of t(10) is updated to re?ect the completion time of the latest 
Ideal Power Step 11. 

[0070] Ideal Power Step 11 is repeated inde?nitely until 
the object is removed from the cooktop. However, Ideal 
Power Step 11 is not necessarily repeated at equal intervals 
of time between applications. The interval of time between 
consecutive applications of Ideal Power Step 11 is hereafter 
referred to as the delay time, or DT. Although the delay time 
may be variable, a maximum delay time, hereafter referred 
to as MXDT, is determined and is stored in permanent 
memory. For the siZZle plate of this example, MXDT is 
determined to be 2 minutes. For the siZZle plate, Ideal Power 
Step 11 is ?rst applied a delay time of MXDT after the 
conclusion of Ideal Power Step 10. Thereafter, an identical 
Power Step 11 is applied to the siZZle plate at consecutive 
delay times equal to (50% MXDT), or 1 minute. 
[0071] To summariZe the results of applying the above 
sequence of Ideal Power Steps applied to the siZZle plate 
under ideal conditions to bring it from room temperature to 
an average surface temperature of 250° F.:20° F. and 
maintain it there, the following occurs: 

[0072] Ideal Power Step 1 is applied at IPL1. During Ideal 
Power Step 1, the siZZle plate’s average food contacting 
surface temp rises from room temperature (designated as 
T(0)) to temperature T1=100° F. Ideal Power Step 2 is then 
immediately applied at IPL1. During Power Step 2 the siZZle 
plates surface temp rises from temperature T(1)=100° F. to 
temperature T(2)=130° F. Ideal Power Step 3 is then imme 
diately applied at IPL1. During Ideal Power Step 3 the siZZle 
plates surface temp rises from temperature T(2)=130° F. to 
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temperature T(3)=160° F. Ideal Power Step 4 is then imme 
diately applied at IPL1. During Ideal Power Step 4 the siZZle 
plates surface temp rises from temperature T(3 )=160° F. to 
temperature T(4)=190° F. Ideal PoWer Step 5 is then imme 
diately applied at IPL2. During Ideal PoWer Step 5 the siZZle 
plates surface temp rises from temperature T(4)=190° F. to 
temperature T(5)=210° F. Ideal PoWer Step 6 is then imme 
diately applied at IPL2. During Ideal PoWer Step 6 the siZZle 
plates surface temp rises from temperature T(5)=210° F. to 
temperature T(6)=224° F. Ideal PoWer Step 7 is then imme 
diately applied at IPL3. During Ideal PoWer Step 7 the siZZle 
plates surface temp rises from temperature T(6)=224° F. to 
temperature T(7)=232° F. Ideal PoWer Step 8 is then imme 
diately applied at IPL3. During Ideal PoWer Step 8 the siZZle 
plates surface temp rises from temperature T(7)=232° F. to 
temperature T(8)=240° F. Ideal PoWer Step 9 is then imme 
diately applied at IPL4. During Ideal PoWer Step 9 the siZZle 
plates surface temp rises from temperature T(8)=240° F. to 
temperature T(9)=246° F. Ideal PoWer Step 10 is then 
immediately applied at IPL4. During Ideal PoWer Step 10 
the siZZle plates surface temp rises from temperature T(9)= 
246° F. to temperature T(10)=250° F. 

[0073] At this point the inverter is maintained in the off 
condition except for short duty cycle test pulses of the 
magnetic ?eld to search for a proper load for a time period 
of MXDT. These short duty cycle (usually one cycle per 60 
available) test pulses used to search for a suitable load atop 
the cooktop are implemented during the “standby” mode of 
operation and are standard operating procedure for most 
cooktops. Approximately 1 minute into MXDT the average 
surface temperature of the siZZle plate creeps up to 255° F. 
as the temperatures Within the thickness of the cast iron 
Walls of the siZZle plate equilibrate. After MXDT, the ?rst in 
a sequence of Ideal PoWer Steps 11 is then immediately 
applied at IPL5. During Ideal PoWer Step 11 the siZZle 
plate’s surface temperature rises from approximately 245° F. 
to 255° F. Immediately after the ?rst application of Ideal 
PoWer Step 11, the inverter is again maintained in the “off” 
condition until a DT of (0.5)(MXDT), at Which time Ideal 
PoWer Step 11 is again applied. Thereafter, as long as the 
siZZle plate remains upon the cooktop, Ideal PoWer Step 11 
Will be applied after a DT of (0.5)(MXDT). Should the siZZle 
plate be removed, the cooktop reverts to the standby mode 
and periodic loW duty cycle test pulse production Where it 
Will aWait an object With a suitable load impedance and a 
suitable RFID tag prior to leaving the standby mode and 
beginning another heating operation. 

[0074] As illustrated in FIG. 5, the read/Write transmis 
sions betWeen the RFID reader/Writer and the RFID tag 
attached to the object occur during the time interval Attransmit 
Which occurs at the end of, but Within, each time interval 
mm" mm. Furthermore, a time period equal to Atbetween 

transmit comprises the full time period of each Ideal PoWer 
Step. Any decrease in the number of “on” cycles of the 
inverter due to implementation of IPL2, IPL3, IPL4, or IPL5 
Will not reduce the existing inverter “off” period At 
but can only add more “off” period. 

transmit’ 

[0075] The sequence of Ideal PoWer Steps described 
above is used as the blueprint to command the cooktop’s 
operation during a heating operation of the siZZle plate, 
except that “ideal” poWer levels Will be replaced Within each 
Ideal PoWer Step by “corrected” poWer levels. HoWever, to 
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calculate the proper “corrected” poWer levels, the “ideal” 
poWer levels are stored in permanent memory for use in the 
calculations. 

[0076] For the present siZZle plate example, there are 5 
ideal poWer levels used under ideal operating conditions: 
IPL1 being the highest through IPL5 being the loWest. IPL1 
is the poWer level for Which the effective percentage of “on” 
time of the inverter is {(Atbetween mnSmit—AttmnSmit)/(Atbe 
tween transmit)}, While the actual poWer magnetically coupled 
to the siZZle plate depends upon the factors discussed above. 
In this siZZle plate example, Atbetween transmit equals 2.0 
seconds, While Attransmit equals 0.150 seconds. Thus, the 
effective percentage of inverter “on” time for IPL1 is 93%. 
To implement IPL1, the cooktop microprocessor (or the 
output port of the RFID coupler) Will command the inverter 
to remain “on” (current is alloWed to How through the 
sWitching transistor(s) to the Work coil) for 111 cycles out of 
120, then maintains an “off” condition for the remaining 9 
cycles. It is during those 9 “off” cycles that the transmit and 
receive operation of the RFID system occurs. 

[0077] IPL 2 is a poWer level With an effective percentage 
of inverter “on” time of 83%. Thus, to implement IPL2, the 
cooktop microprocessor (or the output port of the RFID 
coupler) Will command the inverter to remain “on” (current 
is alloWed to How through the sWitching transistor(s) to the 
Work coil) for 100 cycles out of 120, then maintains an “off” 
condition for the remaining 20 cycles. It is during the last 9 
“off” cycles of those 20 “off” cycles that the transmit and 
receive operation of the RFID system occurs. 

[0078] IPL 3 is a poWer level With an effective percentage 
of inverter “on” time of 74%. Thus, to implement IPL3, the 
cooktop microprocessor (or the output port of the RFID 
coupler) Will command the inverter to remain “on” (current 
is alloWed to How through the sWitching transistor(s) to the 
Work coil) for 89 cycles out of 120, then maintains an “off” 
condition for the remaining 31 cycles. It is during the last 9 
“off” cycles of those 3 “off” cycles that the transmit and 
receive operation of the RFID system occurs. 

[0079] IPL 4 is a poWer level With an effective percentage 
of inverter “on” time of 65%. Thus, to implement IPL2, the 
cooktop microprocessor (or the output port of the RFID 
coupler) Will command the inverter to remain “on” (current 
is alloWed to How through the sWitching transistor(s) to the 
Work coil) for 78 cycles out of 120, then maintains an “off” 
condition for the remaining 42 cycles. It is during the last 9 
“off” cycles of those 42 “off” cycles that the transmit and 
receive operation of the RFID system occurs. 

[0080] IPL 5 is a poWer level With an effective percentage 
of inverter “on” time of 55%. Thus, to implement IPL5, the 
cooktop microprocessor (or the output port of the RFID 
coupler) Will command the inverter to remain “on” (current 
is alloWed to How through the sWitching transistor(s) to the 
Work coil) for 66 cycles out of 120, then maintains an “off” 
condition for the remaining 54 cycles. It is during the last 9 
“off” cycles of those 54 “off” cycles that the transmit and 
receive operation of the RFID system occurs. 

[0081] In order to implement “altering” formulas and 
instructions that Will alloW the HA(siZZle plate) to compen 
sate for non-ideal poWer coupling, a cooktop circuit param 
eter representative of the actual poWer magnetically coupled 
to the siZZle plate under ideal coupling conditions is stored 
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in permanent memory. The preferred storage location for 
this memory item is the RFID tag, but the cooktop’s 
microprocessor memory or the additional memory device 
may be used. 

[0082] The circuit parameter representative of the poWer 
coupled to the siZZle plate under IPL1 and ideal conditions 
may be chosen from many possibilities: the magnitude of the 
current that ?oWs through the cooktop’s sWitching transistor 
during inverter on times With the load coupled (hereafter 
referred to as Itransistor ideal), the magnitude of the resonant 
current during inverter on times With the load coupled 
(hereafter referred to as lresonant), the magnitude of the 
recti?ed line current that ?oWs from the commercial poWer 
supply to the sWitching transistors With the load coupled 
(hereafter referred to as lune), or others. The cooktop circuit 
parameter representative of IPL1is referred to as 
Itransister max ideal, although it should be understood that any 
other cooktop circuit parameter that is indicative of the 
coupled poWer at IPL1 Will suffice for this invention. Thus, 
the value of Itransistor max ideal may be measured via a 
transformer through Whose primary runs the current passing 
through one of the sWitching transistors during an average 
“on” cycle of the inverter and through Whose secondary runs 
the induced current. This induced current is then recti?ed 
and fed to the cooktop’s microprocessor control unit. The 
magnitude of this induced, recti?ed secondary current that 
corresponds the poWer coupled to the siZZle plate under 
IPL1 and ideal conditions Will be stored in permanent 
memory location shoWn in Table 1 to be labeled as the value 

Itransistor rnaX ideal‘ 

[0083] Referring to FIG. 5, the average temperature of the 
food contacting surface of the siZZle plate versus time is 
superimposed on the graph depicting the sequence of Ideal 
PoWer Steps. At the end of each Ideal PoWer Step, the 
average temperature of the food contacting surface of the 
siZZle plate is measured and is stored in permanent memory. 
The value T(0) corresponds to the loWest normal operating 
temperature, Which in the case of the siZZle plate is room 
temperature, 72° F. T(1), the temperature after Ideal PoWer 
Step 1, is 100° F. T(2), the temperature after Ideal PoWer 
Step 2, is 130° F. T(3), the temperature after Ideal PoWer 
Step 3, is 160° F. T(4), the temperature after Ideal PoWer 
Step 4, is 190° F. T(5), the temperature after Ideal PoWer 
Step 5, is 210° F. T(6), the temperature after Ideal PoWer 
Step 6, is 224° F. T(7), the temperature after Ideal PoWer 
Step 7, is 232° F. T(8), the temperature after Ideal PoWer 
Step 8, is 240° F. T(9), the temperature after Ideal PoWer 
Step 9, is 246° F. T(10), the temperature after Ideal PoWer 
Step 10, is the desired regulation temperature of 250° F. 

[0084] The maXimum delay time betWeen identical poWer 
applications, referred to as MXDT, is the time betWeen the 
conclusion of Ideal PoWer Step 10 and the beginning of the 
?rst application of Ideal PoWer Step 11. For the siZZle plate 
eXample, MXDT equals 120 seconds. 

[0085] In order to estimate the present temperature of the 
siZZle plate, the cooling behavior of the siZZle plate under 
ideal conditions is determined. Information from the result 
ant temperature/time curve is then later used in an “altering” 
step. FIG. 6 is a graph of the temperature/time pro?le of an 
average siZZle plate that has been removed from the cooktop 
after a successful charge to 250° F. and has been alloWed to 
cool doWn under ideal conditions. This data plotted in this 
graph is gathered by simply using a siZZle plate With 
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thermocouples attached to several locations on its food 
contact surface that has been heated to its desired regulation 
temperature and is subjected to “ideal” conditions during its 
cool doWn. Ideal conditions for the siZZle plate are those that 
most commonly occur during normal operations. In this 
instance: no food load for the ?rst feW minutes, a decreasing 
food load for the neXt 20 minutes, and then no food load for 
the neXt 40 minutes until the siZZle plate’s average food 
contact surface temperature is again at room temperature. 
The siZZle plate has such a large surface area, high thermal 
conductivity, and high emissivity that an external food load 
may vary greatly Without signi?cantly affecting its tempera 
ture/time pro?le on cool doWn. 

[0086] Once the data has been gathered and plotted, the 
times required for the siZZle plate to cool from temperature 
T(10) to temperatures T(9), T(8), T(0) are recorded. These 
times are shoWn in FIG. 6. Next, the cooling curve is 
modeled by three lines that intersect the actual cooling curve 
at temperatures among the group T(0) through T(9). In this 
eXample, the ?rst linear segment, Whose slope is designated 
as “cooling rate 1”, CR1, intersects the cooling curve at 
T(10) and at T(6). The second linear segment, Whose slope 
is designated CR2, intersects the cooling curve at T(6) and 
T(2). Finally, the third linear segment, Whose slope is 
designated CR3, intersects the cooling curve at T(2) and at 
T(0). 
[0087] The more realistic the modeled cooling curve, the 
more accurate the deduced estimated present temperature, 
EPT, of the siZZle plate Will be. Furthermore, the more 
deviation from an ideal thermal loading during cool doWn, 
the less accurate the deduced EPT. As Will be seen, the 
proposed “altering” step designed to determine the siZZle 
plate’s EPT is very conservative. 

“Building Block” 2: “Altering Steps” AlloWing 
HA(siZZle plate) to Operate under Non-Ideal 

Conditions 

[0088] Inasmuch as a given siZZle plate Will almost never 
operate under ideal conditions as described above, formulas 
and instructions, referred to as “altering steps”, to be used 
Within ideal algorithm are designed so that each siZZle plate 
heating operation Will achieve its goal of arriving at 250° F. 
plus or minus 20° F. Within 25 seconds of cooktop heating 
regardless of the initial conditions or Working conditions of 
the siZZle plate. A myriad of non-ideal conditions may be 
encountered in day-to-day operations. HoWever, in any 
system the non-ideal conditions that make the most impact 
upon the outcome of the heating operation can normally be 
identi?ed. In the siZZle plate eXample, “altering steps” are 
provided that attempt to correct for the folloWing tWo 
non-ideal conditions: 

[0089] 1) non-ideal poWer coupling betWeen cooktop 
and siZZle plate, and 2) starting the heating operation 
With the siZZle plate at a temperature different than 
room temperature. 

[0090] In order to compensate for non-ideal poWer cou 
pling, a cooktop circuit parameter representative of the 
actual poWer magnetically coupled to the siZZle plate under 
IPL1 and ideal coupling conditions is stored in permanent 
memory. This circuit parameter is Itransistor max ideal, having 
previously been determined through testing under ideal 
conditions. 
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[0091] Another value representative of the magnitude of 
the current ?owing through the cooktop’s switching tran 
sistor is measured at the beginning of each heating operation 
of the siZZle plate and is stored in “temporary memory” 
storage. This value will hereafter be referred to as 
Itransistor rnaX actual‘ Itransistor rnaX actual is measured in the Same 

manner as Itransistor rnaX ideal except Itransistor rnaX actual is 
measured during a test pulse of magnetic ?eld at the end of 
each standby mode of the cooktop and consequently, at the 
beginning of each heating operation. 

[0092] The “beginning of each heating operation” means 
that the cooktop, having been previously in the standby 
mode of operation (where it was sending test pulses of 
magnetic ?eld looking for a proper impedance load), has an 
object placed upon it which not only possesses a load 
impedance that causes a value of Itransistor max actual within 
prescribed limits to be sensed, but also possesses an RFID 
tag that sends a proper identi?cation signal to the RFID 
reader that is integrated into the cooktop’s control circuitry. 
Both a proper load impedance and a proper RFID identity 
signal from the object are sensed by the cooktop prior to 
commencing induction heating of the object. A given siZZle 
plate may be removed and replaced from/upon the cooktop 
many times prior to reaching it’s 250° F. temperature and 
yet, each time it is replaced, a new value ofI 
will be stored in memory. 

transistor rnaX actual 

[0093] With this value of Itransistor max actual available to the 
cooktop’s microprocessor, a set of corrected power levels 
that use the ideal power levels as their baseline are calcu 
lated in real time at the very beginning of the heating 
operation. In this siZZle plate eXample, ?ve corrected power 
levels are calculated in real time: corrected power level 1, 
CPL1,: corrected power level 2, CPL2, corrected power 
level 3, CPL3, corrected power level 4, CPL4, and corrected 
power level 5, CPLS. The following Table 3 illustrates the 
formulas used to calculate the percentage of inverter “on” 
time for each of these corrected power levels. 

TABLE 3 

Corrected Power Level Formula as Expressed in Percentage of 
Power Level Inverter “On” Time 

CPL1 CPL1 : {(Atbetween \Iansmi1_ ALtIansmiO/(Atbetween nansio} : 

CPLZ CPLZ = (IPLZ) * [(ltransistor max idea1)Z/(Inansis\or max aamaOZ] 
CPL3 CPL3 = (IPL3) * [(ltransistor max idea1)2/(Itransis\or max actua1)2] 
0PM cm = (1PM) * mama... max mam... max 1 
CPL5 CPL5 = (IPLS) * [(Inansism max ideal /(ItIansistor max actual) I 

[0094] CPL1is equal to IPL1 because all available coupled 
power is desired to begin the heating operation. Any formula 
to correct IPL1 could never provide for more coupled power 
than is available by using a 93% “on” time of the inverter. 
While CPL1 equals IPL1, each of the remaining CPL’s may 
be either corrected to a higher percent “on” time or a lower 
percent “on” time than their respective IPL’s. 

[0095] The number of “on” cycles per Atbetween transmit is 
then calculated in the manner described previously. Once 
calculated, the power level values and instructions to imple 
ment each power level of the cooktop are stored in tempo 
rary memory. 

[0096] Once the values of CPL1 through CPLS have been 
calculated at the beginning of each heating operation and 
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these values are stored in temporary memory, they are used 
to implement the actual sequence of power steps, hereafter 
referred to as “Actual Power Steps”. The sequence of Actual 
Power Steps is shown in Table 4 below. 

TABLE 4 

Step Number Command to CookTop 

Actual Power Step 1 
Actual Power Step 2 
Actual Power Step 3 
Actual Power Step 4 
Actual Power Step 5 
Actual Power Step 6 
Actual Power Step 7 
Actual Power Step 8 
Actual Power Step 9 
Actual Power Step 10 
Time Period MXDT 

Apply CPL1 for 2 sec" 
Apply CPL1 for 2 sec" 
Apply CPL1 for 2 sec" 
Apply CPL1 for 2 sec" 
Apply CPL 2 for 2 sec" 
Apply CPL 2 for 2 sec" 
Apply CPL 3 for 2 sec" 
Apply CPL 3 for 2 sec" 
Apply CPL 4 for 2 sec" 
Apply CPL 4 for 2 sec" 
Command CookTop into Standby Mode 
where 1 cycle test pulses check for load 
within impedance limits** 

Actual Power Step 11 Apply CPL 5 for 2 sec** 
Time Period (O.50)(MXDT) Command CookTop into Standby Mode 

where 1 cycle test pulses check for load 
within impedance limits** 

Actual Power Step 11 Apply CPL 5 for 2 sec** 
Time Period (O.50)(MXDT) Command CookTop into Standby Mode 

where 1 cycle test pulses check for load 
within impedance limits** 

Repeat Previous Two Steps 
Inde?nitely" * 

*during the last 0.15 seconds of every Actual Power Step, the RFID 
reader/writer communicates with the RFID tag. 
**The value of LKPS will never be assigned greater than the number 10. 
However, the actual time of completion of each Actual Power Step 11 will 
be used to update t(LKPS). 

[0097] Therefore, all aspects of the sequence of Ideal 
Power Steps (duration of power steps, number of power 
steps, delay times, etc.) eXcept the use of IPL’s are followed. 
The goal of employing a sequence of Ideal Power Steps with 
CPL’s inserted instead of IPL’s is to ensure that virtually the 
same temperature/time curve that was shown superimposed 
in FIG. 5 will be achieved when the sequence of Actual 
Power Steps is followed under all other ideal operating 
conditions eXcept ideal power coupling. Although the actual 
temperatures reached at the end of each Actual Power Step 
applied under otherwise ideal operating conditions may be 
unequal to T(1) through T(10) due to the inability to correct 
IPL1 for a lower power coupling ef?ciency, the respective 
temperatures reached would should never be higher and will 
be very close. 

[0098] The procedures outlined above also correct for 
non-ideal line voltage of the commercial power supply, since 
Itransistor max actual will also differ from I 31 due 
to this factor. 

[0099] In order to enable the HA(siZZle plate) to bring the 
siZZle plate to the desired regulation temperature despite its 
actual temperature upon beginning the heating operation, 
?rst the present temperature is estimated and then the 
cooktop must begin the sequence of Actual Power Steps at 
the proper Actual Power Step. It is also assumed that the 
siZZle plate will never be cooled below room temperature. 
Should the siZZle plate be below room temperature when it 
is placed upon the cooktop, HA(siZZle plate) will bring it to 
a temperature lower than the desired 250° E, which is a safe 
outcome. It is also assumed that the siZZle plate will never 

transistor rnaX actu 
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be subjected to a heat source (other than food placed upon 
its upper surface) other than a cooktop of this invention. 

[0100] The temperatures T(1) through T(10) that are 
assumed to be achieved after the completion of Actual 
PoWer Steps 1 through 10 are the same temperatures that are 
shoWn on FIG. 6 at various positions along the Ideal 
Cooling Curve. Corresponding to each of these temperatures 
T(0) through T(10) on the cooling curve is a time in seconds 
that Was required for the fully heated siZZle plate to cool to 
the respective temperature. The ?rst step in this portion of 
the heating algorithm HA(siZZle plate) designed to deter 
mine EPT is to assign a value to the temporary memory 
location designated as “n” that corresponds to the number of 
seconds required for the siZZle plate to cool from T(10) (the 
same temperature assumed to occur after Actual PoWer Step 

11) to a given temperature among T(LKPS). 

[0101] Table 5 beloW describes the means to assign values 
to “n” . The value of “n” is assigned to variable memory 
immediately after the siZZle plate has been placed upon the 
cooktop and the ?rst RFID tag transmission has transferred 
the values LKPS and t(LKPS) to the RFID reader/Writer and 
thus to their respective temporary memory sites. Thus, based 
upon the value of LKPS retrieved from the RFID tag 
(remembering that a value higher than 10 is not alloWs to be 
stored as LKPS in the RFID tag’s memory), the number of 
seconds required to cool from T(10) to the temperature 
T(LKPS), under ideal conditions, Will be stored as “n”. 

TABLE 5 

If RFID Tag Value of 
LKPS at Beginning of 
Heating Operation Is 

Then, assign value “n” = 

If LKPS = 10 then n = 0 

If LKPS = 9 then n = 120 

If LKPS = 8 then n = 360 

If LKPS = 7 then n = 720 

If LKPS = 6 then n = 1200 

If LKPS = 5 then n = 1440 

If LKPS = 4 then n = 1800 

If LKPS = 3 then n = 2100 

If LKPS = 2 then n = 2400 

If LKPS = 1 then n = 3000 

If LKPS = 0 then n = 3600 

[0102] The second step in this portion of the heating 
algorithm HA(siZZle plate) designed to determine EPT is to 
determine the elapsed cooling time, ELCLT, and store its 
value in seconds into its temporary memory site. ELCLT is 
simply equal to the present time, Pt, as determined by the 
real-time clock or as re?ected in the cooktop microproces 
sor’s time clock, minus the time of completion of the Last 
KnoWn PoWer Step applied, t(LKPS). 

[0103] The ?nal step in this portion of the heating algo 
rithm HA(siZZle plate) designed to determine EPT is to 
folloW the “if, then” statements as described in Table 6. 

TABLE 6 

If 6 2 LKPS 2 10, then: 
If 0 2 ELCLT 2 (1200 — n), 

then EPT = T(LKS) — [(CRl) * (ELCLT)], and 
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TABLE 6-continued 

If (1200 - n) 2 ELCLT 2 (2400 - n), 
then EPT=T(LKS) - {[(CR1)*(1200 - n)] + 

[CR2)*([ELCLT—(1200 - n)])}, 
and 

If (2400 - n) <ELCLT 2 (3600 - n), 
then EPT=T(LKS) - {[(CR1)*(1200 - n)] + 

[(CR2)*(1200)] + 
[(CR3)*([ELCLT - (2400 - n)]}, 

and If (3600 — n) < ELCLT, 
then EPT = T(0). 

If 2 2 LKPS < 6, then: 
If 0 2 ELCLT 2 (2400 - n), 
then EPT = T(LKS) - [(CR2) * (ELCLT)], and 
If (2400 - n) < ELCLT 2 (3600 - n), 
then EPT=T(LKS) - {[(CR2)*(2400 - n)] + 

[(CR3)*([ELCLT—(2400 - n)])}, 
and If (3600 — n) < ELCLT, 
then EPT = T(0). 

If 0 2 LKPS < 2, then: 
If 0 2 ELCLT 2 (3600 - n), 

then EPT = T(LKS) - [(CR3) * (ELcLT)], and 
and If (3600 — n) < ELCLT, 

then EPT = T(0). 

[0104] The formula to determine EPT therefore requires 
the values ELCLT, n, T(LKPS), and the linear cooling rates 
CR1, CR2, and CR3. For eXample, for a LKPS value of8 that 
is retrieved from the RFID tag attached to the siZZle plate, 
the corresponding value of EPT Would be equal to { T(8)— 

[0105] Once EPT has been determined using the portion of 
the heating algorithm shoWn in Table 6, instructions are 
programmed into the cooktop’s microprocessor that use this 
value of EPT to begin heating operations at the proper 
Actual PoWer Step of the sequence shoWn in Table 4. Table 
7 beloW shoWs the instructions programmed into the cook 
top’s microprocessor so as to alloW the beginning of the 
heating operation at an Actual PoWer Step commensurate 
With EPT. Should a value of EPT be calculated at the 
beginning of a given heating operation less than a given 
T(LKPS), the cooktop Will begin the heating operation at an 
Actual PoWer Step corresponding to the assumption that the 
siZZle plate may actually be very close to said T(LKPS). In 
this Way, any the siZZle plate’s actual regulation temperature 
should alWays less than or equal to the desired regulation 
temperature, Which is the safest approach. For instance, 
should EPT be calculated to be a temperature greater than 
T(3) but less than T(4), the heating algorithm, HA(siZZle 
plate), Will begin the heating operation at Actual PoWer Step 
5. 

TABLE 7 

If EPT = T(0), 
Then GO to Actual PoWer Step 1 and Complete the Remaining 
Sequence of Actual PoWer Steps; 

If T(0) < EPT é T(1), 
Then GO to Actual PoWer Step 2 and Complete the Remaining 
Sequence of Actual PoWer Steps; 

If T(1) < EPT é T(Z), 
Then GO to Actual PoWer Step 3 and Complete the Remaining 
Sequence of Actual PoWer Steps; 

If T(Z) < EPT é T(3), 
Then GO to Actual PoWer Step 4 and Complete the Remaining 
Sequence of Actual PoWer Steps; 
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TABLE 7-continued 

If T(3) < EPT é T(4), 
Then GO to Actual Power Step 5 and Complete the Remaining 
Sequence of Actual Power Steps; 

If T(4) < EPT é T(5), 
Then GO to Actual Power Step 6 and Complete the Remaining 
Sequence of Actual Power Steps; 

If T(5) < EPT é T(6), 
Then GO to Actual Power Step 7 and Complete the Remaining 
Sequence of Actual Power Steps; 

If T(6) < EPT é T(7), 
Then GO to Actual Power Step 8 and Complete the Remaining 
Sequence of Actual Power Steps; 

If T(7) < EPT é T(8), 
Then GO to Actual Power Step 9 and Complete the Remaining 
Sequence of Actual Power Steps; 

If T(8) < EPT é T(9), 
Then GO to Actual Power Step 10 and Complete the Remaining 
Sequence of Actual Power Steps; 

If T(9) < EPT é T(10), 
Then GO to Actual Power Step 11 and Complete the Remaining 
Sequence of Actual Power Steps; 

“Building Block 3: “Temporary Memory” Data 
Sites and the Means To Input Current Information 

into Each Site 

[0106] As noted above, several pieces of information are 
either retrieved from the RFID tag attached to the siZZle 
plate or determined from measurements made by the cook 
top’s circuit sensors to allow the HA(siZZle plate) to operate 
correctly. Most of these required pieces of information, the 
means to determine them, and the names given them have 
been described. Table 8 lists each of these required data 
items that must be stored in a temporary memory site 
accessible to the cooktop’s microprocessor. 

TABLE 8 

Information Code Identi?er 

1) Last Known Power Step of Heating Algorithm LKPS 
Applied 

2) Time at end of Last Known Power Step t(LKPS) 
of the Heating Algorithm Applied 

3) Temperature at end of Last Known Power Step T(LKPS) 
4) Elapsed cooling time = (Pt — t(LKPS)) ELCLT 
5) Estimated present temperature EPT 
6) Delay time between repeats of Actual Power Step 11 DT 
7) Corrected power level 1 (% inverter “on” time) CPL 1 
8) Corrected power level 2 (% inverter “on” time) CPL 2 
9) Corrected power level 3 (% inverter “on” time) CPL 3 
10) Corrected power level 4 (% inverter “on” time) CPL 4 
11) Corrected power level 5 (% inverter “on” time) CPL 5 
12) Magnitude of the current that flows through Imnsism max 

actual 

the cooktop’s switching transistor during a test pulse 
with inverter“on” during the cooktop’s stand by 
mode of operation 

13) Present time (as determined from real time clock Pt 
or from cooktop’s microprocessor clock) 

14) Number of seconds required to cool from T(10) to a n 
Temperature corresponding to the conclusion of a 
given Actual Power Step 

Implementing the Overall Software Algorithm and 
HA(SiZZle Plate) 

[0107] FIG. 7 is a ?ow chart showing the preferred overall 
software algorithm, which operates to direct the cooktop to 
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access HA(siZZle plate), assuming that at least the three 
mandatory items of information set forth in Table 9 below 
are stored in the RFID tag’s memory. 

TABLE 9 

Bytes Required on 
Information Code Initials Ario 40-SL Tag 

MANDATORY INFORMATION 

1) Class of Object COB 1 
2) Last Known Power Step of LKPS 1 
Heating Algorithm 
3) Time of Last Known Power 
Step of Algorithm 

t(LKPS) 4 

Information Code Initials 

OPTIONAL INFORMATION 

13) Any of the “Permanent Memory” Same as in FIG. 10 
variables 
14) 1-22 as described in FIG. 10 

15) 
16) Total Number of Full Heating Cycles this 
17) RFID tag has completed 
18) 
13) 19) 3) Actual Temperature that a ?rst TS1 
Temperature Switch 
20) Connected to RFID tag actuates during temp rise 
21) 
22) 4) Actual Temperature that a second TS2 
Temperature Switch 
23) Connected to RFID tag actuates during temp rise 
24) 
25) 5) Elapsed time between TS1 and TSZ for an 
26) ideal cooling load 
27) 

13) 29) NOTE: These items are preferred for the 
alternative embodiments wherein one or more 

temperature switches are connected to the RFID tag. 

30) 

#CYCLES 

TS1/TS2itime 

[0108] The ?rst of the three needed items of information 
is “Class of Object, or COB. This item of information is 
permanently stored in the RFID tag’s microprocessor 
memory and will never be rewritten over with information 
from the cooktop’s RFID reader/writer. For a RFID tag 
affixed to a siZZle plate, the COB digital code will be unique 
to the class of siZZle plates. For a different class of object, 
say for instance a dinner plate, a different digital code will 
exist on its RFID tag. The COB may or may not also include 
a portion of code that further identi?es its attached siZZle 
plate uniquely from all other siZZle plates. 

[0109] The other two items of needed information, Last 
Known Power Step of Heating Algorithm, LKPS, and Time 
of Last Known Power Step of Algorithm, t(LKPS), have 
corresponding memory sites in temporary memory of 
HA(siZZle plate) (and, for other classes of objects, in cor 
responding temporary memory sites of those HA(COB)’s). 
LKPS and t(LKPS) will be programmed as O’s on a newly 
manufactured RFID tag attached to a brand new siZZle plate. 
Thereafter, these values will be re-written to periodically by 
the RFID reader/writer. 

[0110] Table 9 also sets forth optional information that 
may be stored on the RFID tag. For instance, any of the 
“Permanent Memory” variables maybe stored on the RFID 
tag. Furthermore, the total number of full heating cycles that 


















