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THAW NG HEATI NG TRAY AND THAW NG HEATI NG METHOD 420344/

FI EL D This SheeitHab Biech e present invention relates to a (NEU
t haw ng and a rret hod of thaw ng-heating frozen food such as
frozen “llgml'n e aforenenti oned thaw ng- heating tray. Mre

partlcu ar e present invention relates to a tray and a nethod for

t hawi ng- heatl ng frozen food such as frozen sushi by placing the food on the

t hawi ng-heating tray and irradiating it wlh n crowave.

BACK GROUND COF THE | NVENTI ON The technol ogy to thaw and heat frozen
food such as froz@HAWING-HEANNGI TRA Y ND A0A WING-HEATING-METHOI tray and
irradiating it with mcrowave has been disclosed in JPA 8-180970 and JPA
9-98888. Atray clained in claim6 and disclosed in the second enbodi nent
descri bed in paragraphs 0019 t hrough 0022 of JPA 8-180970 has a thick
portion in the center thereof a f st.famliar with the tray

of the present invention. JPA S%iggéﬁﬁlﬁl%#ﬂnafter expl ai ned with
reference to Figs. 7 through 10. Fig. 7 is a sectional view of a

m crowave thaw ng- Fbapresent Apjsatien wiatssde atthmn&@emmm:d@rrmth@d b the

first enbodi nent of the aforenentioned JPA 8- 180970. M crowave is

suppl i ed in thawipprheaging ERizemfpod Bacthey frdden kushirusing tetaferemehiianed hhawingy e

guide Il. Arotating table (a disk) 12 made of conductive nmaterial such as

al um num s Hét:az@g%%gz' Iﬂxlscﬁer: g?’g‘t@%ldm@%‘rtﬁ%gfesénhﬁw&ﬁ% 1Rfites'ts 3tlaP dnd B HEUId £HP-

The rotating I Vi ng means

thawing-heating frozen food such as frozen sushi by placing the food on the thawing-

heating tray and irradiating it with microwave.

BACK GROUND OF THE INVENTION

The technologylto thaw and heat frozen food such as frozen sushi by placing
the food on a thawing-heating tray and irradiating it with microwave has been disclosed
in JPA 8-180970 and JPA 9-98888. A tray claimed in claim 6 and disclosed in the
second embodiment described in éaragraphs 0019 through 0022 of JPA 8-180970 has
a thick portion in the center fhereof and is therefore most familiar with the tray of the
present invention. JPA 8—180970 will be hereinafter explained with reference to Figs.
7 through 10.

| Fig. 7 is a sectional view of a microwave thawing-heating apparatus for

thawing sushi according to the first embodiment of the aforementioned JPA 8-180970.
Microwave is supplied in a tﬁawing-heating chamber 10 from magnetron through a

wave guide 11. A rotating table (a disk) 12 made of conductive material such as

aluminum is disposed in a lower part of the thawing-heating chamber 10. The rotatmg
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D spQs the I{eofa%i ng table 12 through a supporting nenber 13 made of

mat et'y e panded pol ystyrene is a surface-wave-formng plate (a
tray) I| Bm me pieces of sushi 3 are placed. The di stance between
the c urface) of the thaw ng-heating chanber 10 in which the

wave 2 guide 11 is
arranged and rotating table 12 is set appréximately n[err]/2 (n is integer)
wher ei n [ er r {abiesl 2nsvretatedrbyt drivirig meansowBisposddron the rothtang tablei2ahiongh ahanber
10, an electric field of a standing wave F is fornmed vertically as

i |l ustrated. sghRrta{cohenBat 10medk %&t@%sﬁ@y&é@mﬁgﬂs@&&ewa kefidcecat ed
close to a part where the electric field strength of standing wave F is

hi gh. Thi s csur. - - I ng.- pl ate 14 | jelectric

nat eri al andw? 8%(‘:? alIr'lgS E‘)é,\@\él%xj g‘ggﬂr’g@g’%\/\% %pf%ﬁegﬁtéa%g@e%g%ﬁg#s hel d by the
supporting nmepber 13. As for thjs surface-wave-formng plate 14, among sone
di el ectric nahefistanse betyeen thecerling (upnes surfacelef the éhq“e%ﬁ%ﬂteggsha@bqréggnt han
0.01 and the relative permttivity [err] is nore than 40 is preferable, so
t hat al um nawhich thg wast ghide & 1 pearmdniped ad sotdtmgrible pp isset appratimnatly sA/2lfe nost
sui tabl e. As shown in Fig. 8 microwave radiated fromwave gui de 11

| Mpi nges i nt g %gﬁlgoﬁﬁe@%ﬂi@%%véﬁn I oRicAfavd 4 HH;QH&%%Jﬁea'ﬁﬂg%ﬁ birfgce

and the sides t reover, tHe perneated m crowave teflects by the
rotating table 12 of conductive_nmaterial and,thus inpi.ng into the
o £ ace-wave ok GERFITG Bt & SEAHE PBYCR 1§ EmbverD B DBEed 5 TBR o vy, t he
mcrowave is transmtted within the surface-wave-formng plate 14 as

i ndi cat ed by afarerentiongd surfacerwiave-forming plate 14 is locat¢delesedp a part where the
surface-wave-formng plate 14, surface wave of m crowave is forned. Since

t he surface- ekeic fuldsteength of Rantding wavedEBtEgh.on the part where the electric
field strength of the standing wave F forned between the

This surface-wave-forming plate 14 is made of dielectric material and functions

=

to form surface wave (plane wave) and is held by the supporting member 13. As for
this surface-wave-forming plate 14, among some dielectric materials, the material of
which the dielectric loss angle is less than 0.01 and the relative permittivity g is more
than 40 is preferable, therefore, alumina having reiative permittivity € approximately 9
is the most suitable.

As shown in Fig. 8, microwave radiated frbm wave guide 11 impinges into the
surface-wave-forming plate 14 through the upper surface and the sides thereof.
Moreover, the permeated microwave reflects by the rotating table 12- made of
conductive material and thus impinges into the surface-wave-forming plate 14 through
ﬁe bottom thereof.  In this way, the microwave is transmitted within the surface-

* wave-forming plate 14 as indicated by arrows 100. At this time, on the surface of
surface-wave-forming plate 14, surface wave of microwave is formed. Since the

surface-wave-forming plate 14 is located the part where the electric field strength of the



-

cei | i sfuachids BenRepl@td ng tabl e 12 in the thaw ng-heating chanber 10 is

hi gh, Istribution forned finally by this standing wave and
t he suﬂwmku ti oned above is indicated as the nunmeral 200 in the
dr awi ng* y, the longer the distance fromthe surface-wave-formng.

plate 14, the smaller the electric field s¥tength formed on the
sur face-wave-form ng pl z%te 14. According to the microwave electric field
ifo

di st ri but i onStaRingvake F fommpdbetvesn thsceilingand the rptafingjable Ad iy thethawings h) 2

can be provi ded. By the way, the surface-wave-form ng plate 24 has
t he si ze sucheatingtharhberzldns bighhthe 3trémgth fistribution femed Minbly by tiestamting he t op.
When the size of surface-wave formng plate 24 is larger, the

formation of whiAearktihé 36adtaysve nikntibfed Ve & indieste® s R GRMRAI 200 §Pthand it
will be unable to thaw and heat all pieces of the frozen sushi 3 on the

surface-wave -1 ng . I h Lsdribution, 401
in the cent rgllta%rl%i o%gégg&é%#ggﬁgk%néﬁeﬁgﬁﬁgﬁ% ﬁgl%st?l% é‘%g%hmoaﬁi'g't%{)ﬁﬁbﬂgpga%h 0in
t he peripheral regi on as shaq in Fi 9. Therefore, the '

sur f ace- mveﬂxeémﬁﬂﬁfglsrsh%&lectga 'seﬁnqu formed,qmythe surfaceyyave-formyng plaghl4ac as
shown in Fig. 10 is enployed. By nmaking the central portion 24C of the

sur f-ace- waveAtcordinggo pheamerdwavielelaskar field distrithitioncatarnt $haridpretsteamadaide) dn 24C
functions as an adjuster, thereby naking m crowave propagation efficiently

and al so ensyﬁdagolalik{acﬁi—mﬁ&lg@dah%efp}@\}i&hdstrength all over the
surface-wave- formng plate 24, consequently. I n addition, according

‘to JPA 8-180970, t : z Mol ' hOa,
relative perm ttiv??ﬁ%%gﬁhqﬁecwgeé%{é%i et Itd% %ﬁaé?}lg’%%gﬁozﬁé%%@g a
di anet er of ?HC}O m‘nsq as to en%ble rocegﬁln of , ftgr xanmpl e, 32 g‘i’eces of
sushi for folfif RWameals canbe placed onibe fop- s Whepdhe size otsuriarepaue Lramepla, | n
the peripheral region thereof. The distance (the stratumof air) between
the rim 24 is larger, the formation of the surface wave in the central region becomes worse and

3

it will be unable to thaw and heat all pieces of the frozen sushi 3 on the surface-wave-
forming plate equally, because the‘strength distribution 401 in the central region
becomes smaller than the strength distribution 400 in the peripheral region as shown in
Fig. 9.

Therefore, the surface-wave-forming plate 24 which is thicker in a central
portion 24C as shown in Fig. 10 is employed. By making the central portion 24C of
the surface-wave-forming plate 24 thicker as mentioned, the central portion 24C
functions as an adjuster, thereby making microwave propagation efficiently and also
ensuring uniform electric field strength all over the surface-wave-forming plate 24,
consequently.

In addition, according to JPA 8-180970, the surface-wave-forming plate 24 is
made of alumina of which felative permittivity is approximately 9, and is set to have a

diameter of 500 mm so as to enable processing of, for example, 32 pieces of sushi for



POk Sk 'Bge e 1&%&{]‘“ ng table 22 is set to 17.5 mmby a support 23 (not

sho thetic resin or alumna. And also, the area within the

di a\rgH HLI “ .in the central portion 24C of the surface-wave-fornm ng
t

pl a ckness of 12.5 nmm and the di stance between the centra
portion 24C and the rotating table 22 is get to 10 mm | nvent ors of
the present invention repeated experinents of the surface wave-form ng
plate, the Emmimeals gi@rtime andiscet t© haye athigkness ol moy iythg perigheral gzg19mh yn d
that, in case of the surface-wave-form ng plate (hereinafter, sonetines

cal l ed as "thepeof) Thedistihcalthedtraumiof air) bdtwekrethe cim partion indithiegdtatisg tablege as
nment i oned above, the electric field strength gets "unevenness" or

“irregul ari by &g ”-5}9@‘2 "22‘%&5@% £3 HRA0bLsyhthetib AWirPRhIRARL. t Rad blse7288

sushi 3 every tinme in

4 ey - CT AN MVARY .OF T I t_l.s an

obj ect of t ﬁ’(?am"ggﬁ%‘gﬁ‘?}ﬁ{%’f %}#HterslBItbFec?ﬁ% %%%g%%@ﬁts%#grw%r obl ens
and to provide a thaw ng-heating tray which can thaw and heat frozen food
(pr ef er abl y,fommogpht%%aa%a thigknpess of rlré5ifwntaﬁé thegigange betikeendhecaniidly of

t hawi ng- heating frozen food by using it. A thaw ng-heating tray of
the present poftict4i(and the Batatingrhbldi2Bliesdtto t0O ma.eri al and is formed of thick
portions, disposed in the central region and the peripheral region of the

tray, respectivel X%ve tors of thPpPeRet ifeentiBA réphiell eRperithéits dfhé figfdeeswapber al

regi on as nmenti oned above reduces unevenness or “irregularity" in the

oS, Shaab A R IR A BIRGRARS LT, LaPriba

that, in case of the surface-wave-forming plate (hereinafter, sometimes called as "tray")

made of alumina of which dielectrics is large as mentioned above, the electric field
strength gets "unevenness" or "irregularity” and it was therefore unable to thaw and heat

the frozen sushi 3 every time in the same way.

OBJECT AND SUMMARY OF THE INVENTION
It is an object of the present inventioﬁ to solve the above conventional

problems and to provide a thawing-heating tray which can thaw and heat frozen food
(preferably, frozen sushi) every time in the same way and a method of thawing-heating
frozen food by using it.

A thawing-heating tray of the present invention is made of dielectric
material and is characterized by comprising thick portions, of which thickness is greater,

| disposed in the central region and the peﬁpheral region of the tray, respectively.
Disposing the thick portion in the peripheral region as mentioned above

reduces unevenness or "irregularity” in the electric field strength and enables frozen



-~ DRAW NGS Fig. 1 is a perspective view showi ng a

connet a tray according to an enbodi nent and a refl ector;

Fig. ‘ i ew showing the tray with the reflector; Fig. 3a
is a sectional view taken along the line IIl-111 of Fig. 2; Fig. 3b
I's an enlarged view of a portion 3B of Figg-3a; Fig. 4a is a plan
view of the tray with the reflector; Fig. 4b is a side view of the .

tray shown ifaogplgeedsen the top of thergy toshe thawed ﬁ&h%??ﬂ\ﬁl‘@wsélﬁ theysame way:
Fig. 5b is a sectional view taken along the |ine 5B-5B of Fig. 5a;

Fig. 6a is a plan view of a support; Fig. 6b is a side view of the
support shown in Fig. 6a; Fig. 7 is a sectional view show ng a
conventional exanpl e; BﬁEF DESCRIPTIOROF PRAWWGEY showi ng the
conventi onal exanpl e; 9 I's a sectional view show ng the

conventional ex ag? g lisa perspectlvcé view sﬁo%m%g e conRec%on\f)'et%vVgeﬁ wa ggcotr&gg to

conventional exa

Fig. 11 is a diagram shovm ng_tenperature data of results of thaw ng;

Fig. 12 is canfmeipdmertimdassflectperature data of results of thawing, and
Fig. 13 is a diagram shovm ng tenperature data of results of thaw ng.-
DESCRI PTI ON OF THHEipRESERREBONENB@ShOENE the tray with the reflector;

Fig. 3a is a sectional view taken along the line III-III of F.ig. 2;

Fig. 3b is an enlarged view of a portion 3B of Fig. 3a;

Fig. 4a is a plan view of the tray with the reflector;

Fig. 4b is a side view of the tray shown in Fig. 4a;

Fig. 5ais a bottom view of the tray;

Fig. 5b is a sectional view taken along the line 5B-5B of Fig. 5a;
Fig. 6a is a plan view of a support;

Fig. 6b is a side view of the support shown in Fig. 6a;

Fig. 7 is a sectional view showing a conventional example;

Fig. 8 is a sectional view showing tile conventional example;

Fig. 9 is a sectional view showing the conventional example; -

Fig. 10 is a sectional view showing the conventional example;

Fig. 11 is a diagram showing témperature data of results of thawing;
Fig. 12 is a diagram showing temperature data of results of thawing; and

Fig. 13 is a diagram showing temperature data of results of thawing.

DESCRIPTION OF THE PREFERRED EMBODIMENT



- .

Fig. 1 ThisShee Beap®eplaced Vi ew seen from downward of a thaw ng-heating tray
accordin I I e énbodi nent and a reflector attached to the tray,

"Fig. 2 w showing the tray with the reflector, Fig. 3ais a
sectional view taken along line I11-111 of Fig. 2, Fig. 3b is an enlarged
view of a portion 3B in Fig. 3a, Figs. 4a_and 4b are a plan view and a side
view of the tray with the reflector, respectively, Fig. Sa js a bottomview
of the tray, Fig.Flgblil%anergm’w@wawseﬁ;reﬁpmai,@m“@r%ﬂﬁa%awm%@a%wyFig. 5a,
and Figs. 6a and 6b are a plan view (top view) and a side view of a

support, reaqetdinge pyeferable embdliment anyd Bekflestof attavhed tothe ray8g.@hisiaal regul ar
square in plan with the four corners thereof being cut off and has a fl at

top surface &ﬁﬂ? ieDPEHRTIhS HietAG it thé befieStod TADETh i QREA@IHRAIBAEY ¢4 Atonkn Such
a manner asbto Zilegp% thl%kepo?tion 3l int hegcenltral region ther eofngand a

35 bet woen BRAEATOR o 2o RLE 30 R PSR P Rpobfpr EHNE 3. Elored " 07

convexity 34 ({)roj ecting fromthe rimpartion all around the tray. _.

The t hi ck pend fopreaplam viewand@fideayiew of theriray withy gtoraresRegtivelys g s e

The thick portion 32 in the peripheral region extends along all the rim of
the tray 30is abottom vidsv aiithevray, FigsiSh.is & sectiohal rvigw taken diohg tife lmmeiBi8Bof t he

regul ar square of the tray 30 is L, the width of the thick portion 31 is

L[err], thepy ‘é‘%,*hnafﬁgé?%afaﬂa Gﬁaﬁ%ﬁlwﬁe%?{tdfvi&%) afl WsillbGiewi ditalsupport,he thin
portion 33 is L{err], L is preferably 190-230 nm nore preferably 200- 210

mm |t is preferabie that L[err] is 40-60 % nore preferably 45-55 9% of L,
Llerr] is 155P¥WEYpre preferably 17-20 % of L, and L[err] is 21-31%

6 nore preferabl \1/”h25_29 % of L, The width L[]err] of the Q&nve ity 34 is
preferably in a e tray 30 is formed in a substantial regular square in plan with the four

corners thereof being cut off and has a ﬂat top surface and a bottom surface which is
shaped concave and convex in such a manner as to have a thick portion 31 in the central
region thereof and a thick portion 32 around the periphery thereof and to provide a thin
portion 33 between the thick portions 31 and 32. The tray 30 is formed with a
convexity 34 projecting from the rim portion all &omd the tray.

The thick portion 31 in the central region is formed in a regular square. The
thick portion 32 in the peripheral region extends along all the rim of the tray 30.

As shown in Fig. 5a, when the width of a side of the regular square of the tray
30 is L, the width of the thick portion 31 i_s L, the width of the thick portion 32 is L, |
and the width of the thin portion 33 is L, L is preferably 190-230 mm, more preferably
200-210 mm. It is preferable that L; is 40—66 %, more preferably 45-55 %, of L, Lz is
15-23 %, more preferably 17-20 %, of L, and L3 is 21-31 %, more preferably 25-29 %,
of L. The width L, of the convexity 34 is preferably in a range of 0.5-5 mm.

As shown in Fig. 5b, when the thickness .of the thick portion 31 in the central



—_——

rang - As shown in Fig. 5b, when the thickness of the
t.hi CE“mQEhe t'I-FaSE 7 R the central region is Blerr], the thickness of the

t hi ckjm 'ﬂﬂ” ll und the periphery is B2, and the thickness of the thin
porti , it is preferable that B[err] is 10-15 mm nore
preferably 12-13 nm B[err] is 67-1 00 % _4ore preferably, 80-85 % of
Blerr], and B[err] is 27-40 % nore preferably 30-35 % of B[err].

When t he wawegiends Bi,dke thicknessanf ¢he thickpogtionsdprourid the pediphery isia, arel the i ve
permttivity of the tray 30 is preferable equal or nore than 2.4 and | ess

than 4, nor ahRkfése ot le/thinportidPSIR ﬁ}?it‘i‘@ﬁ@fe%alﬂé‘ﬂlaﬂB} faD-15tam, kord of

mat eri al, nodified pol yphenyl ene ether resin is preferable. Al'so preferabl e

is a conposit 59 pards. by weight of L | ) 2%l €y 10- ts by
wei ght of, gqrgeis)afbp%gze?? atrtllg iﬁ?‘]ptg;ﬁt%’ g%v%%%h%%#ﬁ]tﬁe}rah%ﬁ‘a%ﬂs%g In,
whi ch has heat - def or mat.i Qn erature of 80 [err]C or nore (for exanple,
pol ypheny! erftd % meFe Pﬁkﬂ@lﬁéﬁ%gg%’t@%f pol yphenyl ene ether and vi nyl

arona) . The thick portion 31 in the central region is provided with
bits 37 di sposed aWhewthe wavetength dflmicrowaye issapaengoad]2y3 Mitz, dwasllative 0 each
bit 37 is a support 50 as described later. The thick portion 31 is formed

with a hol e gedmativicy6f e faf 30 isipreRedble equal or méRAh&ODY QX leds fAn USmbgy Med
with a stepped portion extending along the inner surface thereof, into

which the ri a e b - e r 40 is
formed in a %%gﬁbﬁﬁ %ﬁkkg% g?lﬁs)aﬁ&]a?'egg\n&ttﬁlsfl%%dr Ofc%%grru[sl’ %lé‘:ﬁ%&)c ut off in
such a manner ag tqg fit the rear surface of the tray 30 and i med with
smal | hol es PPIYRhSRYERG cther tesin iy prafemble. o ‘%]ﬁ%p'f%‘?ﬁ{’lﬁil %c@ﬁp‘ﬁﬁﬁo?hé}ghBF‘és 38 of
the thick portion 31, respectively. The reflector 40 is fixed to the
tray 30 by fhpsweightef titasiomewides 10450 parth by weight aBglassditiey, ahdd 0@ partsobyt he
supports 50 made of synthetic resin into the bits -37. Each support 50
conpri ses a weibhi siithérdoplastic Redin sfavhichéht-defdymbiorRehparahlié RBYST Manbleon 52

projecting fromthe center of an upper surface of the main

(for example, polyphenylene ether, or a composite of polyphenylene ether and vinyl
aromay.

The thick portion 31 in the central region is provided with bits 37 disposed at
four corners thereof;, respectively. Screwed into each bit 37 is a support 50 as
described later. The thick portion 31 is formed with a hole 38 at the center thereof.

The convexity 34 is formed with a stepped portion extending along the inner
surface thereof, into which the rim of the mﬂe&or 40 engages.

The reflector 40 is formed in a substantial regular square with four corners
being cut off in such a manner as to fit the rear surface of the tray 30 and is formed with
small holes 41 located corresponding to the four bits 37 and the hole 38 of the said thick
portion 31, respectively.

The reflector 40 is fixed to the tray 30 by fastening a screw 45 into the hole 38

and by fastening the supports SO'made of synthetic resin into the bits 37. Each support

~-—



7 bo sSlieeﬁ}&sBébﬁ ldcBy Fi 9. 6b. The threaded portion 52 is screwed into
each b shown in Fig. 3b and Fig. 4b, when the reflector 40
andth reflxedtothetray 30, the lower ends of the
supports ownwar d. Exanpl es Hereinafter, the
description WI I I now be made as regard to-8&xanpl es and conparative

exanpl es. npl e | Exanple | was nmade in such a manner that the
sizes L, L[ eﬁﬂrqompr{ses a pybstantialrdy)indricat miajn Widy 51 jand gteteaded poriP R 2rr| as
shown in Figs. 5a and 5b were set as follows and a reflector 40 nade of

al um num and, % amithé 6@ 9T af lipper iR D f thevadinttodp 51 aashodéeh imeRig. 6of
nodi fi ed pol'yphenyl ene et her resin and havi ng reI ative permttivity of 3.68

(I MHz), by S = 200 mMm L[err] =
99 mm ﬁte[télr: %}%(ﬁg(fggg > w&%&e%ﬁt% eafh bit % Smm Llerr] 4 mﬂ
Blerr] = 12. 6mn er
shown in Fig. 11, 48 f}?%{e’é‘ 1{5& %@é%é&@&g‘ﬁ? ﬁte[rgﬁ%(%?r ‘%"Lﬂ’lg%%ﬂlpf’8¥t? f?j“ewere
pl aced on the tray 30 and thawed and heated for 60 seconds by an el ectronic
oven of 2650fixd tealehtray 3¢ dhelower endsiof Sheswppartd) mroiscdownardt shari and
various kinds and sizes of neta as follows. Squid: 10g, Red neat of tuna:
10g, Sweet prawn (shrinp): 2 pieces (7g x 2), Conger eel: 8g. Scall op:
6S- st andard, Sal non: 8g. Bel I_y neat of tuna: 10g, and Onelet: 15g.
Examples
Hereinafter, the description will now be made as regard to examples and
comparative examples.
Example 1
Example 1 was made in such a manner that the sizes L,L;, Ly, L3, Ls, By, By,
and B3 as shown in Figs. 5a and 5b were set as follows and a reflector 40 made of
aluminum and having a thickness of 1 mm was fixed to a tray 30 made of modified
polyphenylene ether resin and having relative permittivity of 3.68 (1 MHz), by a screw
45 and supports 50.
L =200 mm
L; =99 mm
Lz =19 mm
L;=25.5mm
L;=4mm
B1 = 12.6 mm
B, =10.5 mm

;=42 mm



Tempel &l.UiespRhrigResshari and neta right after the thaw ng-heating were

nmeas couple and the resul.ts were tabulated in Fig. 11. The
tenp%aﬂ HD ‘ erages of 10 tinmes of the sane tests. The sane is true
for t onpar ative exanpl es. Conpar ati ve Exanple ‘1 The

process of thaw ng-heating frozen sushi wd the sane as that of Exanple 1
except using a tray 30 having_no thick portion 32 in the rd-Rheral. regi on
i nst ead of the tr & showsn Eiga b %Plf9esﬁ%ﬁé?%§qﬁpbée%?er?% %ﬁaﬁg V%Fﬁﬁplﬁgﬁﬂg
right after the thaw ng-heating were tabulated in Fig. 12. Conpar ati ve
Exanmpl e 2  on the Fae3pand thawedfind hearédfyr 6@ seconds by avelectemihovens 265 Wsane as
t hat - of Conparative Exanple 1 except using a tray nade of alum na and

havi ng rel atg¢g pRRE BF Fokat dukhionSsts HEPPEHBshuii @ad Shridusekisdsamt simeslofmdtaas i ght
after thaw ng- hgati ng were tabulated in Fig. 13. These tenperature

data of Exanpl,e 1 d. agativ - 1 he 10
times of teg%b‘?w?'na@%ﬂ%@n&%ﬂe&o’%ﬁ%hﬁég&,’e@?g@%{lgé&v@@' %(r?g%g%:{?%d&)br

each piece of thawed sushi on the tray in order to chegk if the sharj is
noder at el y videngener): $&Scaldan; 68rstandards éﬂ“%@i%lﬁiuy'ﬂ*éut’ %‘Rﬁtﬂé}gm%%ds %ﬁ&d as

acceptable only in case where all 8 pieces of sushi on the tray were

accept abl e arsg. j udged as unacceptable in case where there was even only one
piece in wong condition (for exanple, the shari was too warm the neta got

Temperatures of the shari and neta right after the thawing-heating were

measured by a thermocouple and the results were tabulated in Fig. 11. The
temperatures are average of 10 times of the same test. The same is true for the

following comparative examples.

Comparative Example 1

The process of thawing-heating frozen sushi was the same as that of Example 1
except using a tray 30 having no thick portion 32 in the peripheral region instead of the
tray 30 of Example 1. Temperatures of the shari and neta right after the thawing-

heating were tabulated in Fig. 12.

Comparative Example 2
The process of thawing-heating frozen sushi was the same as that of Comparative .
Example 1 except using a tray made of alumina and having relative permittivity of 9.

Temperatures of the shari and neta right after thawing-heating were tabulated in Fig. 13.

These temperature data of Example 1 and Comparative Examples 1 and 2 are



-

war ned, ©r the neta was not t hawed enough) . The results of the
' Judgerrent'm;ﬁleaﬁﬁ Exanple 1: Al 10 tinmes are acceptabl e.
Conparativ ly 7 times out of 10 are acceptable.

Oorrpar atlv ly 6 tinmes out of 10 are acceptable.

As "apparent fromthe above results, frozen sushi can be thawed
properl y by the exanple of the present |nvention. As apparent from
t he exanpl e and conparative exanpl es nentioned above, frozen food,
particularly frozen sushi, can be thawed pt®perly and delicious food can be

provi ded qul Ghlotu o RAGBEESAALS | THGRILA apBPCRLdLotade WIS RIRSEAL:

I nvention, uneven ecur event e

t hawed f ood ich c | ways satisfie
10 eac piréce op t?laweé susfx‘lr % tra%'/ ?n order to chec  if the shari is moderately warm

and the neta on the top is cold. The thawing was judged as acceptable only in case
where all 8 pieces of sushi on the tray were acceptable and judged as unacceptable in
case where there was even only one piece in wrong condition (for example, the shari
was too warm, the neta got warmed, or the neta was not thawed enough).

The results of the judgement are as follows.

Example 1: All 10 times are acceptable.

Comparative Example 1: Only 7 times out of 10 are acceptable.

Comparative Example 2: Only 6 times out of 10 are acceptable.

As apparent from the above results, frozen sushi can be thawed properly by the

example of the present invention.

As apparent from the example and comparative examples mentioned above,
frozen food, particularly frozen sushi, can be thawed properly and delicious food can be
provided quickly by the present invention. Acclording to the preseht invention, uneven
thawing can be secureiy prevented, thereby providing thawed food which consumers are

always satisfied.



Wiat is claimed is ——— 1. A thaw ng-heating tray nmade of a dielectric

materlﬁ", a central region and a peripheral region
surrou "H’mmﬂyﬂﬂr wl region, a flat upper surface
ext endi hg & hrroughosit e central region and the peripheral region for

di sposing a naterial to be heated, _ a first thick portion

di sposed in the central region to extend dlownvvardly fromthe flat upper
surface, What is claimed i§ second t hi ck portion disposed in the peripheral
region of said tray to extend downwardly fromthe flat upper surface, and

a thin portion di $pestdwingtheating trivembde of dielaciris egaterihl corphisipgrti ons to form
a concavity at a rear side opposite to the flat upper surface, said thick

portions having tQifggtr{@ig:ﬁ?gnghgﬁgpggedtlhmgehﬁ\altﬂ@gi@hness of the thin portion
to thereby provide even efectric field strength on the flat upper surface.

2. A t hawi ng- heat i ng .t rel s ve
permttivity of s&°g dé“;lg%f)sﬁlgﬁrggs?gg blales‘l g%r%l{e %0 rsr%lpe bl%%érl] 2.4 and

| ess than 4. haw ng- t%tll’] tray as clalnedln claim1 or
2, wherein B[err] a,tgmgspruqmilsgog?dmtg{p?q 8BP‘§?IP]"S’| s 67-100 % of Blerr],
V\,herel n Blerr] is the thickness of the thick portion in the central region,
B[err] is the thi sindehlskpbrttoheha\hnggreptorﬁmoknessrthmh'@eﬂunppﬂ@nal regi on, and
Blerr] is the thickness of said thin portion. A

t hawi ng- heating t nay gawigahdiBitg bly 64 élbﬂﬁedlnbhﬁrﬁtlgh/hgrenwhefﬂaﬁw said tray
is formed in a substantial square, and L[err] is 40-60 % of

L, perrmmw}lg}%f dhid Eelkrie Tnatlrfi isl'equﬁrb(i1 more than 2.4 and less than 4.
3. A thawing-heating tray as claimed in claim 1 or 2, wherein Bs is 27-40 % of
B; and B, is 67-100 % of By, wherein B, is the thickness of the thick portion in the
central region, B; is the thickness of the thick portion in the peripheral region, and Bj is
the thickness of said thin portion. '
4. A thawing-heating tray as claimed in claims 1 through 3, wherein said tray is
formed in a substantial square, and
L; is 40-60 % of L,
L, 1is 15-23 % of L, and
L3;is21-31 % of L
wherein L is the width of the tray in a side direction of said square, L, is the
width of the thick portion in the central region, L; is the width of the thick portion in the
peripheral region, and L; is the width of the thin portion between the thick portions.
5. A thawing-heating tray as claimed in claim 4, wherein said tray is formed in
a substantial square with the four corners being cut off.

6. A thawing-hating tray as claimed in claim 1, wherein said tray has a flat top

—_—
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11 Llerr] is 21-31 %of L wherein L is the width of the tray
in a side direction of said square, L[err] is the width of the thick

Phe 'p3?|Illﬂﬂﬂlﬂﬂ“ﬂﬂl\lﬂl||£ﬁ3' e (175 the wiath of the thin portion between

the thick portiohs.® : A thawi ng-heating tray as clained in
claim4, wherein said tray is forrred in a substantial square with four
coners being cut off. - 6. A t haw ng- heati ng nmethod, conprising a
step of placing frozen food on the thawi ng-heating tray as clainmed in claim
| and then thawi ng and heating the frozen food with m crowave. 7.

A t haw ng- heati ng rrethod as clainmed in claim8, wherein said frozen food is
frozen sushi. . A t hawi ng- heatihhg tray as clainmed in claiml,

further corrpr vex at m portion of the periphery

regi on and es>?1 ?‘hda ﬁ%%ﬁé‘?ﬁ?‘f%r‘%ﬁﬁf?f@eﬁvgih 'ﬁ‘er’é%cé’ncaé'ﬁd a reflector

connected to the rear side to be surrounded by the convexity.
thawing-heating tray as claimed in claim 1, wherein said tray is formed

with a concavity on a lower surface of the rim portion thereof.

8. A thawing-beating method, comprising a step of placing frozen food on the
thawing-heating tray as claimed in claim 1 and then thawing and heating the frozen food
with microwave .

9. A thawing-heating method as claimed in claim 8, wherein said frozen food

is frozen sushi.
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