DESCRIPTION HIGH FREQUENCY TRANSFORMER Technical Field [0001] The present invention
relates to a high frequency transformer, in particular relates to a high frequency transformer with high
conversion efficiency. Background Art [0002] Transformers exist in which gaps that are substantially
equal in width to a flattened rectangular contesararETpovided between layers of two edgewise coils

la, Ib. The flattened rectangular c %m@ é‘}hfég& ise coils la, Ib are individually assembled
into the gaps so as to be alternatg@ @ﬁﬂ? COr€, %\ﬁl@%}\ﬂ cing leakage inductance and
enhancingecaipdinBigiperties. In such transformers, insulation reinforcement is performed on the flat
wires (P t Document 1). [0003] Transformers.ajsg exist that are formed by attaching, to four
cormers TR bord HedBRAR: SRETBPA OHE S o Rk S PO RO PO RREISHAS 1 conforr
to the conreph didipecoyerdndftatwirestbhishioianiondiffs@@id a secondary winding 4 wound in coil
shapes are interposed such that one cross-section length direction end thereof is inserted into a comb
shaped ?é?f‘é %%l?ﬁ provided to a side face of the spacer 2 that retains the winding. [0004] In the

transfornjiedscriaasfanmie ettiet i miioh winpditdganditkhenseddyn dauyl\iindidd 4oar €laataieed at a

specific separation by projection portions of the spacer 2. Moreover, the windings are, insulated from
o reta TSR AT O AE ST B AN B By GRS kb -

" An Iiicrease in
temperatilagoicthe ttansitineen dactantrgovelf He sdpprassedikyl ipitngdadlinduailbatweadricithe
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and enhancing coupling properties. In such transformers, insulation reinforcement is
performed on the flat wires (Patent Document 1).

[0003] Transformers also exist that are formed by attaching, to four corners on a core 1
contact side of a core 1, a spacer 2 that is provided with notches so as to conform to the
corners of the core 1.  Flat wires of a primary winding 3 and a secondary winding 4 wound
in coil shapes are interposed such that one cross-section length direction end thereof is
inserted into a comb shaped recess portion provided to a side face of the spacer 2 that retains
the winding.
[0004] In the transformer described above, the primary winding 3 and the secondary
winding 4 are retained at a specific separation by projection portions of the spacer 2.
Moreover, the windings are insulated from and retained at a separation to the core 1 by a main
body portion of the spacer 2. An increase in temperature of the transformer can moreover be
suppressed by flowing cooling air between the windings themselves and between the
windings and the core 1.
[0005] Patent Document 1: Japanese Patent Application Laid-Open (JP-A) No.
2004-103624
Patent Document 2:  JP-A No. 2006-147927

SUMMARY OF INVENTION
Technical Problem
[0006] However, in the transformers described in Patent Document 1 and Patent Document
2, both the edgewise coils 1a, 1b are configured from a flat wire of the same width and
thickness. Application is accordingly difficult in situations such as when a high voltage
alternating current is input to the primary coil and a large alternating current is desired to be
output from the secondary coil, or when a large alternating current is input to the primary coil

and a high voltage alternating current is desired to be output from the secondary coil.
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SUMMARY OF INVENTION Technical Problem [0006] However, in the transformers described in
Patent Document 1 and Patent Document 2, both the edgewise coils la, Ib are configured from a flat
wire of the same width and thickness. Application is accordingly difficult in situations such as when a

high voltag@aiteinalinghei ennifonpuidoibe pigany dditlardsaldrgediiiomnddingiegrrent is desired to
be output from the secondary coil, or when a large alternating current is input o the primary coil and a
pigh voltSgE YR PR R GRS 2o BB BRER HaP Gb EERELA KBl TBUO T He above
transforngers;dees¢asiigvibecinickrds aainduyidithdt flat indredSl agpfigusing thienalinrasyicdiband the
secondary coil such that a Ia]ré%er current flows may be considered. However there is an issge with flat
wire of |a%%?8§§-%‘86?&6%§? LT RS R S RGPS Eh e PSSIStATRE iR HEQURGE 8 T8B skin effect
when a highvraothereynearreot] fio shie dbwpdimacyitaihand: i secondarydcedl nanet adilpifiwn current
does not.read%iclgﬁélow]aid‘nside the conductor. [0008] In the above transformers, leakage inductance also
increased Y & Bgtr(fFOns of the primary coil and the secondary coil due to alternately mounting
the primaopedjl viindingisoandrthefsaaondiakegd indhdingsciatotheeases e degiépatioaspling
between the primary coil the secondary coil js accordingly much lower than 1. The energy transfer
eticionoy T AT A e o Aoy S e TEN AT BTGB o fesue
that a largelaheondiddossodcetndidpsingoethergy d¢rariBherdegractbé qoiiplary leaivteihbkesadmackary coil.
[0009] InC%%nasrigtef\ﬁation of the abf)ve circ ms}ancesh an ! %Pjt%c}l T th%&resent invention | Tio rovide a

high frequency rans c‘f%%erlr%ﬁﬂlekst%r%oer )}ns‘%ﬁ'aﬂl?é:akage inductance, aﬁ%erag&t)r&ﬁlﬁnegr Fate fhatis very

close to Ljosuchethatasssitieitoglenegndanside firoamcihreippinaryl chdl dovthesecoittahy aeilds extremely
small. Sqjution to Problem [Q010] A high.frequency transformer of a first aspect.of the present
vontion TG HEES A ATLSh BEuaily T O b T AP A st ol that are
respectivelyoadafigerdd by winding the flat wire edgewise plural times and are formed at specific
intervals that a winding.end portign of one first coil out of adjacent first coils opposes a winding
stort por UL o1t SO RT S SRR S Rok oo S B T B PSR e
from a sipgleiflabwigh, fndtlugloyatrsedondecoilsitkatranecte spedtileakagonfiduotaddey anihaling the flat wire
edgewise plural imes;and. are. formed 2t spegifc nfetvals suchhat a winding end.portion,of one
second coil But of a%jacen second coils bpposes a win mggsff'artr%r{lon 6f the o% eP'SeCond coil out of
the adjacent sebersdconiferyvithlthecfitsinediy asséimbly and the second coil assembly disposed such that
the secogdlggilg ?J?}Qﬁﬁ{r%ed between adjacent first coils such that a winding start portion of each of
the second colls in the second coil assembly opposes a winding end portion of one of adjacent first
coils in thedigt caihagsémibiynanttaasiondiergoé ndiportipacobé dohpoétbie secondrcoildwleposes a

mg‘:iig% a?fs%ﬁ;t %‘%f%‘s’s”?x%'l%ihef otnes ﬁ‘:éﬁ% %‘Fggﬁeeﬁ‘étﬁvrv?%ec%'&? glﬁ%a]t]%g‘stﬂé&f‘si%‘a{ 'S ‘%%%C t‘irvae'i‘gformer of
pect, the tirst coil assembly an e second coil assem y are respectively torme from a

single flatawinguidddre vsizdogrtiadglyt momedddorsa phmaldoticn apkratitnmsedhtapsoidentetelconnect
together {&aP ﬁl%.té\é_e\?\];ilglscﬁlgg ié%g portion of one first coil out of adjacent first coils opposes a winding

start portion of the other first coil out of the adjacent first coils; and a second coil assembly

formed from a single flat wire, with plural second coils that are respectively configured by

winding the flat wire edgewise plural times and are formed at specific intervals such that a

winding end portion of one second coil out of adjacent second coils opposes a winding start

portion of the other second coil out of the adjacent second coils; with the first coil assembly

and the second coil assembly disposed such that the second coils are inserted between

adjacent first coils such that a winding start portion of each of the second coils in the second

coil assembly opposes a winding end portion of one of adjacent first coils in the first coil

assembly, and a winding end portion of each of the second coils opposes a winding start

portion of the other of the adjacent first coils.

[0011] In the high frequency transformer of the first aspect, the first coil assembly and the

second coil assembly are respectively formed from a single flat wire. There is accordingly

no need for a connection operation such as soldering to connect together respective first coils
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and second coils, unlike in a high frequency transformer in which plural first coils and second coils are
respectively connected together to configure the first coil assembly and the second coil assembly.
Manufacturing the transformer is accordingly easy, with good environmental characteristics due to
being a lead steendaniig iatian ii0OARhArbighfeeqriereyttianifavtiel pfiraderonchaspadiseédhe present
invention includes: a first ioil assemﬁ:iin%:xlﬂuding %#éal firs@t’c[géils thatarer i ectively configured by
winding §31at WirERFGENFSL PIOPSF Hih AR IRETHTLBRGILaEpb S8 %%SSB%D iBAREER AU eh that a
winding eodl peioblnf ovefigicot Quiheftadicoent fiishcods] Digppses/ avithdingl siavirportanaof the
other first coil out of the adjacent first c g{s and a second coil assembly including plural second coils
that are r%?ﬁ C&ﬁ%ﬂf%gﬁ E%&Pﬁfiﬁ%‘ﬁ‘l Seé:‘ﬂléﬁ‘%ﬁ%tlé’agewise plural times, with the second coils
disposed @@ speciibigidrvalssuctdindgd anwindi ngeend papian of the e secanid caitiontafladiacent
second cpils opposes a windjng. start partion of the other second coil out of the adjacent second colls;
horoin SKR C0 RGRIB S HB L e E3 S hR 6 R S d LR Ry TS hed from a
single flaflaviveir¢hd gitviveqdilras sanehlyobited fhetfisl coitpssdrmtdp@iticthecsedendabaih@ssembly is
formed by cqonnecting together in series gr in parallel plural coils that are respectively configured by
winding 3L e SaERA bR iR e i e T B Ai h  AOH A bty
disposedstichdihet thetsedbn obilscardjdnsertadt beilveanl adjecant ofithestirabboitg Buddthgthat a winding
start portion clf eachdof t@etﬁetcond coilstin t[he selpondé:gil assgmbla}/é)aﬁposes Windingrler]d portion of
one of adjac&ntTirst cois’in'thé first ol assemblySand windingend portior ot eachlof the second
coils oppuses, awindinsestard paittdispddik atper didheadicentfitdsitcoilsn ol 8hd pertieghoffequency
wansformer, of (e pecpnd asnaclcan acsemmadate variaus valiadss and.cunents byysetecting from
series connection of paraﬁe SSHSCHSN TOr the 2oRR&toh of the oS P{rt\e &SIl ASseniblies that are
formed byecanhedtingttofdthedjpheral seodadaothe firsteamiloasswihbbganbl yheisef drdicsicadsembly.
100141 A third sRpectof e preseniinveniion IS ihe figh requenay ransformenof eiffer the first or the
second aspect, Rerém: the first cons are primary coils an he Seéond coils aré secondary coils, and
the first coleassiymbtyistlz gristanyl codeagsgrindytiansttoe deadask cnib issdorblydda seveedagy coll
assembly. [0015] In the high fre cy transformer of the third ect..both the primary cgils and the
e condat e by S o D e p T S R b A e
secondamyicoidgare ¢ phosé dakie matle hd¢dion e @hatkenblyitin d ohdi geranid nonh aske st disad skhé
secondary Gojis, ajie.dishosed between two, %9{%%61@%8%@@}{9/0%%5-fLretac'%"’} es'rég‘g% NSVinding
accordingly be made ex reme}y dmall 'since a uniorm agnetic ﬁefdsgenera e the pr|m§ry coils
passes thtotighrthe o¢ cond afytloosiscoribepd shig hfreepsedoyo8 assembl flopmaestherpnitmarygwbils. The

degree of coupli et n the, primary, coils, and the secondary coils is aceordingly very close to 1,
enabing S B RS, SR BRIt 56, an
enablingdads dithngeenedgpitansiosdsonwihdipgintanpooiisnto file: sebondahe edisctmber suppkessed to
an extre mall amgunt, [0016] A fourth aspect of the pr t invention is high frequency
ranstor I ert e o e S R el T anc the
second cmlylgpe grih_o;aryeotﬂIQyanldqh&gfﬂf@neﬁréﬁsmnmytismcsemdddrgomﬂca@efnmmnd the second
coil assemply. 53 AIMAN AR AsRE M OO TITNR AL ieAUeRek HANSIAMMErohis i aspect is
configured such that the primary coils are inserted between two adjacent se ongary colls, such that it
is easy te@bnfiguhe Erbigldrassanibdy afdihessedfanéd dhat ssivenihlshe overall secondary coil assembly
thanin t rima i T i > r i fo]] ropriatel
employel o B T S e b R
Moreovefirsinedhatsecpsidthepseicortttasinc dik duse nobly drs formetl feoits amsinbteseomtihewlssafiat wire,
there is ' i : i onns ndary coils.
Man uhc’%g%%ﬁ%gggﬁéﬁ%%g@ﬁ?ﬂ@ e%eggg%%gtﬁmggagﬁgﬁw req lljlgangcy tra%[s?%g(?r?\{eg r%ignégvidlscceﬁqt%e primary
coil assemmmbhd&h@mmmg@&@ﬁsagﬁdmply are both configured by connecting together plural
primary SO0 chesroRtanaqla doRaL AL aeReshA G Resel IVGRIRN 8 NARJiRg ency
primar g

transformer including: pltral colls formed by winding a flat wire edgewise plural times, and

plural seém)céﬂﬁsf@m@@nmﬁ\bmmﬁ@i_aglatﬂpm@éﬁg@vm@&ﬁm&htﬁw-Wﬁaf}%mimérzéeﬁﬁdary_coils
are dispogedat INISHAIS TGN 5?@&%%8%@ RAERAROHUROLANR LT e SREPIRY SPHR A0¢ @pvinding

start portion of another of the secondary coils that is adjacent to the one secondary coil oppose each
other, anidanbeigenoiiisay eptheapyidinesedivstis s pyscdliresiaepsatr vEols. resektige intervals such

that a winging,stact aariian ok sashohingRiman. el APagses Awinding endRagion of the one

secondary coil, and a winding end portion of the pfimary coil opposes a winding start portion of the
other sedsneEpEbY, thadranpimensapibsessbmbEhitesasifisay byitorhetahigh&gtieray coils in
series or in parallel at the outside of the secondary goils so as to connect across the secondary coils,
and a secondary coil assembly is configured by connecting the secondary coils in series or in parallel
at the outside of the primary coils so as to connect across the primary coils.



[0020] The high frequency transformer of the fifth aspect is configured such that the primary coils are
inserted between two adjacent secondary coils, such that it is easy to configure a higher number of
turns of the flat wire in the overall secondary coil assembly than in the primary coil assembly. The high

frequencyiiti@ns fumemi shagadrdinotyiap propsaielyce siptoyping bpplicatibapmhare toashigh teltage

high frequency current is output. [Q021] A sixth aspect qf the present inveption is_the high frequency
o o SR T SN o B A ST ST B APt e humint

of the sepanthayycoilisdshd essmadary AORL b hienbigh doequentyniibhsiaoned i tbesixglh aspsfet exhibits
excellent convErsio.n efficienc¥ i]ﬂlcompar'son to a high freaﬁjenc(i/ transformer in which there are 2 or 3

of the prifR/ RBREBRE LB B 1R SSQRIARAT) Boifs"FoUBEICA L (R Ath A LSS % ot SYESERE invention
is the higlodrequenéyuttansannef bk the fonrthvehth fiftthaspectreyheteinithe fosmbesfafidie secondary

coils is 4 pr more, and the number of the primary coils.js 3 or more. [0024] The high frequency
rasforns DR DA 4DBE e e SR BT IET BAHEIOREL eI AR ok pigh
frequencyrérprisfermeriis) wihichetfiesecaibatsomBlgfishespeindayyaails anchibbr A dtlibegeadnddry coils.
[0025] An ei%%tp as%ect of thedpfesent invention is the high frequency transformer of any one of the
second t8°158 Seven e

|

Il?ré%lﬁgétcs, w"hq’érg}RT%n insulating member is inserted between the primary coils
and the g§eoondamhedilsh [PORENkyY thenkfginfee gt drcto tramafprrias ob it wighthdspacththe insulating
member is.inserted between th&pertima%coilsdand the sec ndarc}l.lcoilséﬁ%rgl%y mainttaining an
insulatio r@ﬁ%%%gglge Ween the pnn"’n’g?y cond'anathe %ngoﬁga?ylc%ifg more dnﬁoer%%}'y i comparison to
in a highdoafigery highsfoumdreinftucts tifelinslaating meheberialhetdnséited hiéhaeanblijeharimary
coils and.the secondary coils, thereby pbtaining more reliable insulation between the primary coils and
the secoltS AT TS RCHTATh el s B R B TN s ormer of
any one eifnkieysecarghpd choaigivtie@sp e dizhwhepsindy evitednivireadagfiguriitagd e qutpnary coil
assembl the flat wire configuring the secondary coil assembly differ.from each other in width, in
tcknest O tA e S L BT T HE e o P it aspect
the flat wirecondiguflirtgrtine, grémeaisyncaiksed dr th edtaievticer epefiguning the seddadagytcoiardiffer from

each oth{eor il‘][ﬁlé/} h, in thigkness, or irM)ot width and thiclg)es{s.r'{lhg width e%ﬂd t ickr’Helsl's1 of the flat

wires can &ecor mégf)?%)él Ser- t%orlrlwsatch e cirrents thatare to-ow In t %Slperrimglrly 2oils'&nd the

secondafyeqoise g tieh sframehemwhelc tiregrirtiay isoid fteembl yhand dloo setandenilsds gssatddyhan the

current o;rteh%p;a;imarﬁ)[ C(Pélg the width the[ ghi ness o both the Wldth 8nd the thickn?ss of the flat wire

of the secon rycggl are s?gi %(?ré% %tru%ﬁangt%a 'of the flat wirs ot 3nprlsr%(é()rryl/d85%§f) and when the

current thed 191 fibuifih tseqotinfzhe podisis greateothan thghdierpenoy thmstecowed aryledits: the width or

the thiCk% %al%r%gpytggﬂvs\/%trrr]n%a%}t/hv%HE'iiﬁ:lkgnae 3t wire edgewise plural times, and plural
secondary coils formed by winding a flat wire edgewise plural times; wherein the secondary
coils are disposed at intervals such that a winding end portion of one of the secondary coils
and a winding start portion of another of the secondary coils that is adjacent to the one
secondary coil oppose each other, and one individual of the primary coils is disposed inside
each of the respective intervals such that a winding start portion of each of the primary coils
opposes a winding end portion of the one secondary coil, and a winding end portion of the
primary coil opposes a winding start portion of the other secondary coil, and a primary coil
assembly is configured by connecting the primary coils in series or in parallel at the outside of
the secondary coils so as to connect across the secondary coils, and a secondary coil assembly
is configured by connecting the secondary coils in series or in parallel at the outside of the
primary coils so as to connect across the primary coils.
[0020] The high frequency transformer of the fifth aspect is configured such that the primary
coils are inserted between two adjacent secondary coils, such that it is easy to configure a

higher number of turns of the flat wire in the overall secondary coil assembly than in the

primary coil assembly. The high frequency transformer is accordingly appropriately
4



of the flat wire of the primary coils is set greater than the flat wire of the secondary coils. A high
frequency transformer can accordingly be configured that is adapted for various input and output
conditions. [0029] A tenth aspect of the present invention is the high frequency transformer of any one

of the seecomibiedria niplicaspectshsriareii ¢h festitgcarghisrinprited dhreugl theguimary coil assembly
and the ary coil assembly, [0030] In.the high frequency transformer of the tenth aspect, loss
Guring udB A High HANLEEES L L b S o T D EUOR EE P BrE TOGEA TR cleventh
aspect ofhitpecpresendiintentiionbis: thetlightifraey esity ity ansfaroaeraplithe ientihasgbt whetiditythe
ferrite core.E g ghell-t e core. [0032] In the high frequency transformer of the eleventh aspect, the

ferrite cof&" fEI§ASe core. The ratio of the core to the coils is accordingly higher than in a high
frequenchotztisfdnmerigh Whicleribe tariferatred thccakehtyge corehileadingeltestrangersibaracteristics

of an iron machine. The high frequency ttansformer is accordingly suitably employed in applications
with & ST ST GP 1 SRS WS A e CBE R bARE o Bt M
frequencyrimestersi§innidhé oegiof the56ckhidaty doMd-1z). [0033] A twelfth aspect of the present invention
is the hi uency transformer of teh tenth .aspect, wherejn ferrite core is.a core-type core.
100341 11 D2 Hore D S B QAT Rr o thi BTt oS QLS TG L R Gh B core. The
ratio of teuctre fichth@fdodspiscaochecingiiyd awebthaf iheadugidingateay fransiormeanditiehich the
ferrite core isba stﬁﬂ-t)é;r)e core, I(%adig%to stronger characteristics of a copper machine. A large
number SHURSS Tan & clg%%ﬁﬁéfi/l &secured for the primary coils and the secondary coils, in particular

giving a ptatdin inihéighrisityuohepagmetio ik @abksing thrbugpethethgiite ofdkénocennecssas in which

the frequetrf‘mcc}/ is_controlled, such as.in ﬁparallel resonant inverter or, inha serie reionﬁrﬂt inverter, such
€. h FHC mn COH}PahSPn fo a hi .]ie%lfenc .ancf ormer maV ich theré are T or 2 0 €
that the high- recf’uency ansftormer is=suitably aB’p ied when widening a control range as far as low

frequencresr(anythei legior? afr BOoKlte ey 2p1[R035] A thirteenth aspect of the present invention is

SOl 1 R A R A T S e
respectively ounted oh & Pair of centrar cores of the core-type core an seconq%l}y coif‘adsemblies
that are respeCtheclyamalitntdd: savihelpaipaftcenbkat toresmrdategpeciviedy consetiéddmseries. [0036]
The high re lilerzli(%% tgqﬂsgg mer %Ltrﬁ%hir(t;%ﬁnth aspect may be suitably employed in applications in
which both'i pﬁ} and outpu aresnlg(h vorl¥age T’iigh frequency currents. [0037] A fourteenth aspect of the

present ifM&tjornshbaigiyfréopguen opisdmsiermethefdizh twasiftiv @ dpectswldieremanteast one of

primary (igisle RABL Q&lzieeesr’l rt%g%%cl{llgl%%g}l% %.rrllié?g”lg Qe%o%%ie{ry coils, thereby maintaining an insulation
distance between the primary coils and the secondary coils more uniformly in comparison to
in a high frequency transformer in which the insulating member is not inserted between the
primary coils and the secondary coils, thereby obtaining more reliable insulation between the
primary coils and the secondary coils.
[0027] A ninth aspect of the present invention is the high frequency transformer of any one
of the second to the eighth aspects, wherein the flat wire configuring the primary coil
assembly and the flat wire configuring the secondary coil assembly differ from each other in
width, in thickness, or in both width and thickness.
[0028] In the high frequency transformer of the ninth aspect, the flat wire configuring the
primary coils and the flat wire configuring the secondary coils differ from each other in width,
in thickness, or in both width and thickness. The width and thickness of the flat wires can
accordingly be set to match the currents that are to flow in the primary coils and the
secondary coils, such that when the current that is to flow in the secondary coils is greater
than the current of the primary coils the width, the thickness or both the width and the
thickness of the flat wire of the secondary coils are set greater than that of the flat wire of the
primary coils, and when the current that will flow in the primary coils is greater than the
current of the secondary coils, the width or the thickness or both the width and the thickness

5



6 of central cores of the core-type core or secondary coil assemblies respectively mounted on the pair
of central cores are connected in parallel. [0038] The high frequency transformer of the fourteenth

aspect 14 may be suitably employed in applications in which at least one of the input and the output is
a high freguien aytcuire ot withharden \ikde endraatarghaeutie it (A0 Atkfteestildaspeds of the present

invention is the high frequency transformer of gny one qf the second to the ninth aspects, further
comprist P WS LEn A S D ST TS LG HBIS ARGy be: three
columnaasdespinatauditionned from ferrite and are disposed at even intervals around the

circumfe of a circle; a top plate that is.formed from ferrite.and is coupled to one.end of each of
the colur I dorA RSO ES THLLICTUTHRE Mo s o EB DR B SHS end of
each of thethekervial toatesiiwhergiecthentheagco ignminat orr &siave keshectiye hhénaemed, iasd each of
the primar each of the secondary coil assemblies, and the primary coil

co%]ass?é blies an | @e
assemblBs AR YHE S S O HEaRS Ao QLERBIRS are respectively configured with a 'Y connection, or with

a delta cpoosagtidn. tHO<AQh Tieguugly frequtneictraidiotener afpidwe, foustéanily aspechigha three-phase
high frequncr%/ transformer, and therefore ha%three times the capacity of a single phase high

frequency?ﬂg drdFme ot ﬁi S Orr?qu %gl%/ac ellfgl,teég%en%fef yeccgﬁ "and leg portion cores for inserting
the coils[008 highrfreenenicydpacisidthrepiss accardingdy suitallychfplpd it high dapaeity bwer
converti quipment and.high capacity power.squrce equipment. Moreover, the basic ripple
percent;][ggél%& gcgu%%etr% agl see%(ljfr)ﬁ%a?éljéigearsehcqlﬁlt’:\g%f:oé%{:#cuit of a three-phase high frequency
transfornj@d3g 4. 284hehsghefirgubildy onlessrthanohht el o sinlg lespphea s dighrifregquency transformer for

which an II-waveIer}gth ctificatioPtﬁiercuit Qgéhab iC. rig le per erfltﬂ?%%e r achin%4.8°o. Accordingly, it

is sufficient %t%}?‘r%i%y 2 filteF With & sma‘ff)(r:%pacfacnoées 5 e Jcéngt}ztp rﬁ:r)f) é‘.n[ﬁb E] ince

configurdiamuenay anstaciecwithvahich édilferweittolows capacitapeeoen &rgligroustoiagion in the filter is

also reduced. As.a result, there is very little.engr ischarge during output short circuiting, such that
e Sai e tiiat Ak b T d e e e

high capaciptdy&l spatiphcgipoweits ausroel bevickeisod ophe yeddh ¢heratayyerralslingl phodactndety to be
improved, [0042] Moreover, th imary coil assempblies configured from the pl primary coils
inserteq S B e A o R R A e i

secondaf§@ils insentditharstethefacbiupnerentoresiianisebpbaglvélsgoencyrifigufechwitfdither a Y

connectltt)er}l&lr a dekta onnegﬂg% The h|l%hlsfrae§g§%:_}(}:éé transformer moreover includes cases in which

. aspecCl, wnerein IT1IC CO € COrIcC,.
the primary ol assemblies are conﬁgured wit onnection and the 7

[0034] In the high frequency transformer of the twelfth aspect, the ferrite core is a core-type
core. The ratio of the core to the coils is accordingly lower than in a high frequency
transformer in which the ferrite core is a shell-type core, leading to stronger characteristics of
a copper machine. A large number of turns can accordingly be secured for the primary coils
and the secondary coils, in particular giving a margin in the density of magnetic flux passing
through the inside of the core in cases in which the frequency is controlled, such as in a
parallel resonant inverter or in a series resonant inverter, such that the high-frequency
transformer is suitably applied when widening a control range as far as low frequencies (in
the region of 10 kHz to 200 kHz).

[0035] A thirteenth aspect of the present invention is the high frequency transformer of the
twelfth aspect, wherein primary coil assemblies that are respectively mounted on a pair of
central cores of the core-type core and secondary coil assemblies that are respectively
mounted on the pair of central cores are respectively connected in series.

[0036] The high frequency transformer of the thirteenth aspect may be suitably employed in
applications in which both input and output are high voltage high frequency currents.

[0037] A fourteenth aspect of the present invention is the high frequency transformer of the

twelfth aspect, wherein at least one of primary coil assemblies respectively mounted on a pair
6



secondary coil assemblies are configured with a Y connection, cases in which the primary coil
assemblies are configured with a delta connection and the secondary coil assemblies are configured
with a Y connection, cases in which the primary coil assemblies are configured with a Y connection

and the sgeendaryel aﬁﬂmbi&wpm:swﬂgw&ﬂlmp évtleliscatiiteciarscaingl gasesntadndiich both the
primary coil asse blies and the secondary, coll as blles are configured with a delta connection.

Advanta %PJ%HE? SELS NS O05 ﬂ\énd@% ed above, the present invention provides a high
frequency)t}%‘]sfdmieeﬁghltﬁidq@nepwaﬁfdﬁmﬁfﬁﬁlmmhaéﬁm;}ﬁemem o Hmszﬂﬂgndary output
voltage duri

rl% §d curr nt flow,.an n aso reveg@eat bUI|d between pshl %¥ coils and
secondaf €o1$ H&é% ACGBRAHE Y b f‘{ §'8etdng dBP;‘shf‘{} R HRAICH A HRE HHHFAEY between
the prlmwwmﬂwahdiﬂh@smg@dandmmgB&hEﬁDESCRlPTION OF DRAWINGS [0044] Fig. 1L is a
plan view of h tran mer ace ording.to a firs lary embodjment. 2 is a front
Ficw QA0 ST AR L GH PR U B io Al REu g SRR iptany

em bodimmtcﬁ”shﬂemmlﬁngdhmmr&pmm ﬁuaﬂfavwknpri%lgg1tHE|gna1mac$>|ﬂies‘¢bmblihmrﬁtwh@ a
conflguratlon %f the h hfre enc ﬁ]ﬁé{ rmer ac ordln to the first etg %[r) dlment as viewed
along the Tit8 ?&h"&‘ rsrrso‘?/%1 les (éyii IS r reFv. Wt &' nflgu ﬁ oF the high
frequencietraasiatmerdagosdi mgd@ethmﬁu&h@mmpidmeememfembasﬂ/m@bm fhetdibaction of
arrow C in i nwewo he high fre ne nsf rmer of the first e em Iary

e mbodinS R B PISAB SRS 50 Bt ) S8 bl ST GP RS RN

transfornp@tethhlelshfehexémhpiarﬁe@ndmrdi msenujdké moatengipanedofeacHod tBe EoduiGAaiscartrgnt view
of an exanﬂgle .of th h fre%en%transformer of e.first exer (Pla% %odlment having insulation

washers nserted etR/vee(ﬁo%mrrlll:fllfy Coils and & eeccct)ln 31/n38 IS inSte&a of an mguin}lnﬁ member in, Fig.

6B is a sidecwblico hithisetaot phe, saochBigy ﬁﬁliaamehhmemndftmhlprﬂnampkel assemblies and the
secondary coil assemblies are respectively configured with a Y connection, or with a delta
connection.
[0040] The high frequency transformer of the fourteenth aspect is a three-phase high
frequency transformer, and therefore has three times the capacity of a single phase high
frequency transformer for the same primary coils, secondary coils and leg portion cores for
inserting the coils. The high frequency transformer is accordingly suitably applied in high
capacity power converting equipment and high capacity power source equipment. Moreover,
the basic ripple percentage of the output of a secondary side rectification circuit of a
three-phase high frequency transformer is 4.2%, this being 1/10 or less than that of a single
phase high frequency transformer for which an all-wavelength rectification circuit has a basic
ripple percentage reaching 48%. Accordingly, it is sufficient to employ a filter with a small
capacitance to reduce output ripple.
[0041] Since configuration may be made with such a filter with low capacitance, energy
accumulation in the filter is also reduced. As a result, there is very little energy discharge
during output short circuiting, such that very little damage to the product is sustained due to
arc discharge occurring during sputtering when a high capacity DC sputtering power source
device is employed, thereby enabling product yield to be improved.
[0042] Moreover, the primary coil assemblies configured from the plural primary coils
inserted onto the columnar cores and the secondary coil assemblies configured from the plural
secondary coils inserted onto the columnar cores may respectively be configured with either a

Y connection or a delta connection. The high frequency transformer moreover includes

cases in which the primary coil assemblies are configured with a Y connection and the
7



Fig. 7 is a wiring diagram illustrating wiring of primary coils and secondary coils of the high frequency
transformer of the first exemplary embodiment. Fig. 8 is a plan view of a high frequency transformer of
a second exemplary embodiment. Fig. 9 is a front view illustrating the configuration of the high

frequencycti@nBisrowr stéhtbEecandconamptalyambydiciert asnviewedialwhg b diieetion afiarrow A
in Fig. 8. Fi%ﬂé&.is a side?ﬁziew [ Iusté%ilag the configuration of the high fre enCé ransformer of the

second éX&MIpIdr) BrbBaiRET 28! SSRGS BiPBEBR SFAPBR B REPBOEERYC11 is a rear
view illustoatiipgideveioh Hov mias colbih & pighifiradicntye ansforadr akthebsecandcexemptary
embodiment ag viewed along the directign of arrow C jn.Fig. 8. Fig. 12A is.a front view of an example
of the highH et B ARG HIE F B LS S SNSRI L ESBIRHER NAAGT ARA0BRS Wiers that
are inserigad beiveervpittndoyhcoitspainthBe coindasynddlilssinsdahd @icandnsutaiingsaabileerrEig. 12B is a
side view of this example, and Fig. 12C is a rear view of this example. Fig. 13 is a wiring diagram
iIIustratin%OWJi'ﬁ’Hfféi‘%n?ﬁr? ‘ilf?l tcao' ‘%ﬁ%ng&ondary coils of the high frequency transformer of the second
exemplarydembagimeiifieigs dAlis/anplamn view of a three phase high frequency transformer of a third

cxemmle P 5 e ARSI LS IS
Fig. 14. mithl6gs eosidesweve ifluktiatinigpacaaniigucatiodopthesteree plasephighoftaguéndygransformer
Of the i o e & eI e e tan of A Bl Eiketdhdary
coils since the voltage ratio of the secondary output voltage matches the turn ratio between
the primary coils and the secondary coils.
BRIEF DESCRIPTION OF DRAWINGS
[0044] Fig. 1 is a plan view of a high frequency transformer according to a first exemplary
embodiment.
Fig. 2 is a front view illustrating a configuration of the high frequency transformer according
to the first exemplary embodiment as viewed along the direction of arrow A in Fig. 1.
Fig. 3 is a side view illustrating a configuration of the high frequency transformer according
to the first exemplary embodiment as viewed along the direction of arrow B in Fig. 1.
Fig. 4 is a rear view illustrating a configuration of the high frequency transformer according
to the first exemplary embodiment as viewed along the direction of arrow C in Fig. 1.
Fig. 5A is a plan view of the high frequency transformer of the first exemplary embodiment
taken along plane X-X in Fig.3, and Fig. 5B is a plan view of the high frequency transformer
of the first exemplary embodiment taken along plane Y-Y in Fig. 3.
Fig. 6A is a front view of an example of the high frequency transformer of the first exemplary
embodiment having insulation washers inserted between primary coils and secondary coils
instead of an insulating member in, Fig. 6B is a side view of this example, and Fig. 6C is a
rear view of this example.
Fig. 7 is a wiring diagram illustrating wiring of primary coils and secondary coils of the high
frequency transformer of the first exemplary embodiment.
Fig. 8 is a plan view of a high frequency transformer of a second exemplary embodiment.
Fig. 9 is a front view illustrating the configuration of the high frequency transformer of the
second exemplary embodiment as viewed along the direction of arrow A in Fig. 8.
Fig. 10 is a side view illustrating the configuration of the high frequency transformer of the

second exemplary embodiment as viewed along the direction of arrow B in Fig. 8.
8



Fig. 17 is a side view illustrating an example of the three phase high frequency transformer of the third
exemplary embodiment having insulation washers that are inserted between primary coils and
secondary coils instead of insulating members. Fig. 18 is a wiring diagram illustrating wiring of primary

coils andrsgconiaryeadilseof thesthreegnhasedfighrfigspuentie ignsfesqoenof thadhvrehexendpary
i xeénplary embodiment.

embodiment. Fig. 19 ils a pla{; view of a hi%h frquen(é)( tr nsformetrr1 of a f%urt e
Fig. 20 iSSCABhEYAEW st ﬁé“&e&’éﬁﬁdb A8 th %fﬁﬁeﬁé‘&% &y Wanstormierof the fourth
exemplaBigmbadmdrins dewedmdaamphediteetiorh atajiione Atibnkforé: Highedeidrdside view
illustrating a configuration of the high frequency transformer of. the fourth exemplary emhodiment as
viewed aICHEREGTRCROH S AR eI oHo A s S A Te IS M SRA 508 Ao of the
high frequenaydransitrmsead tfafousilexempiartyeeihodibBeiRtaad ddeveed dldiig dhenthteciiah of arrow
Cin Fig. 19. I[:g% 23Ais a plan view of a high frequency transformer of the fourth exemplary
embodimeft takel} %Ir(?ﬁbv fahe X ﬁ%‘ﬁi&’ 1, and Fig. 23B is a plan view of a high frequency
transfornieg. af3tiafewrthgekiaprpha iyl embddimerih gak@priabang qoldnend Sédondigy 2dilkigf. tB4 Isgh wiring
diagram j Iustr%t(i:nq Wigipgr%(l)flpr%ghaergfcégﬂa gnd sqgonéj 0?iioils g[)f the high frequency transformer of the
fourth ex ﬁ%liear))’eﬁ%o& Sht’ Ig. 25'1sa EF View ot & @'ﬁl}r'equency transformer of a fifth
exemplaBigrmboadimpbint vidg. it ithee érphdsei@vglil fistpating aaohitguecaton tiiitexuigpltngguency
transformer, of the 9 fifth exemplary embodiment as viewed along the direction of arrow A in Fig. 25.

embodiment.

Fig. 15 is a side view illustrating a configuration of the three-phase high frequency

transformer of the third exemplary embodiment as viewed along the direction of arrow A in

Fig. 14.

Fig. 16 is a side view illustrating a configuration of the three phase high frequency

transformer of the third exemplary embodiment as viewed along the direction of arrow B in

Fig. 14.

Fig. 17 is a side view illustrating an example of the three phase high frequency transformer of

the third exemplary embodiment having insulation washers that are inserted between primary

coils and secondary coils instead of insulating members.

Fig. 18 is a wiring diagram illustrating wiring of primary coils and secondary coils of the

three phase high frequency transformer of the third exemplary embodiment.

Fig. 19 is a plan view of a high frequency transformer of a fourth exemplary embodiment.

Fig. 20 is a front view illustrating a configuration of the high frequency transformer of the

fourth exemplary embodiment as viewed along the direction of arrow A in Fig. 19.

Fig. 21 is a side view illustrating a configuration of the high frequency transformer of the

fourth exemplary embodiment as viewed along the direction of arrow B in Fig. 19.

Fig. 22 is a rear view illustrating a configuration of the high frequency transformer of the

fourth exemplary embodiment as viewed along the direction of arrow C in Fig. 19.

Fig. 23A is a plan view of a high frequency transformer of the fourth exemplary embodiment

taken along plane X-X in Fig. 21, and Fig. 23B is a plan view of a high frequency transformer

of the fourth exemplary embodiment taken along plane Y-Y in Fig. 21.

Fig. 24 is a wiring diagram illustrating wiring of primary coils and secondary coils of the high

frequency transformer of the fourth exemplary embodiment.

Fig. 25 is a plan view of a high frequency transformer of a fifth exemplary embodiment.

Fig. 26 is a front view illustrating a configuration of the high frequency transformer of the
9



Fig. 27 is a side view illustrating a configuration of the high frequency transformer of the fifth
exemplary embodiment as viewed along the direction of arrow B in Fig. 25. Fig. 28 is a rear view
illustrating a configuration of the high frequency transformer of the fifth exemplary embodiment as

viewed afifitigehengiragtionbotamaw 45 nekigd Rﬁngimé&r&ﬁdﬂidﬂ@ﬂﬁg&amﬁilgmsating wiring of
primary ¢Qils d se ndar |Is of a hi r of the fifth e em e diment.
b faeakibern et bt RS e ey
Fig. 31 ls:ﬁem@m&emﬁhtsmhngsevmwmatg)mﬂﬂ%ﬁhfﬁefahasefhingfgeqsency transformer of the
sixth exe embodiment_ as viewed along the direction af w A in F ide view
nstrar T B GFALH BT (BRI SraRl iR Bhan N A CIRHEY Brlsiotnen el h

embodimsehfsavieswesbdlorgtthediect atab alicotrEtivfrigf 3thwig.iBFis. aslde view |IIustrat|ng an

ookt A e

havmg
ulatlng

membersrdqigeria4 tsaas\ﬂjrmgr(mﬁgfcaﬁfmﬂlesﬁmwgwmmhmmmary coHs and secondary 00|Is of a three
phase hlgh fée(guenc transfor rhof th sixth ?‘XF (iﬁlar etmb iment. fF| 5 includes a front view, a
side view &nd a'Téaf View of 'l hlg r‘f’Fe% tes y% hetof OFR 'SEVERth Sxé)?n Fé‘r%/“é" diment. Fig. 36

is a plan anéwdhttre.high frequency transformer of the seventh exemplary embodiment.

Fig. 31 is a side view illustrating a configuration of the three phase high frequency

transformer of the sixth exemplary embodiment as viewed along the direction of arrow A in

Fig. 30.

Fig. 32 is a side view illustrating a configuration of the three phase high frequency

transformer of the sixth exemplary embodiment as viewed along the direction of arrow B in

Fig. 30.

Fig. 33 is a side view illustrating an example of the three phase high frequency transformer of

the sixth exemplary embodiment having insulation washers that are inserted between primary

coils and secondary coils instead of insulating members.

Fig. 34 is a wiring diagram illustrating wiring of primary coils and secondary coils of a three

phase high frequency transformer of the sixth exemplary embodiment.

Fig. 35 includes a front view, a side view and a rear view of a high frequency transformer of a

seventh exemplary embodiment.
Fig. 36 is a plan view of the high frequency transformer of the seventh exemplary

embodiment.

Fig. 37 is a wiring diagram illustrating connections of primary coils and secondary coils in the

high frequency transformer of the seventh exemplary embodiment.

Fig. 38 includes a front view, a side view and a rear view of a high frequency transformer of

the eighth exemplary embodiment.

Fig. 39 is a plan view of the high frequency transformer of the eighth exemplary embodiment.

Fig. 40 is a wiring diagram illustrating connection of primary coils and secondary coils of the

high frequency transformer of the eighth exemplary embodiment.

Fig. 41 includes a front view, a side view and a rear view of a high frequency transformer of a

ninth exemplary embodiment.

Fig. 42 is a plan view of the high frequency transformer of the ninth exemplary embodiment.

Fig. 43 is a wiring diagram illustrating connections of primary coils and secondary coils in the

10



Fig. 37 is a wiring diagram illustrating connections of primary coils and secondary coils in the high
frequency transformer of the seventh exemplary embodiment. Fig. 38 includes a front view, a side
view and a rear view of a high frequency transformer of the eighth exemplary embodiment. Fig. 39 is a

plan vievhightheuigit{regusioem tiaitatar mathod tbesightbneb@idaty embodiment. Fig. 40 is a wiring
diagram jllustrating connection. of primary coils and secondary coils of the high frequency transformer
of the ol kTR Wrib B ER QU eeT OB A, B BIE A AOLATERT view of
high freqbBinay tkansiarmesvoba thinHighxesg ptarkyy ervidoimens S ig. td liscacpiphhmesnbb dhadngh
frequency.trapsformer of.the ninth ex lary embodiment. Fig, 43 is.a wiring diagram jllustrating
connectbis 4P ST TS At SRR RS THH AR A S BRSSP minth
exemplaBig b adinmerihdrdin gddnisi Bustanivievsoia thvgh dfgairancydsinatel seeondaienils examplary
gar(?sformer of the tenth exemplary

embodiment. Fig. 45 is a front view of the hijgh frequenc
embodim’égl?. tllgﬁfg}lﬁl%c?/stg‘ ?é@ﬁ(ﬂ‘éwfgﬂ}%ée %ﬁ}?? %Iﬁ’c%‘f R0Ler of the tenth exemplary
embodintépt 4Big. #lis aiairiofadiagr draqilicistyating tonre ofansekivprith akeopila-aocsedongary coils in

e ey eSS (LRCICR e amboce i, 9l vew o a
frequencyniitardsfoemer of the eleventh exemplary embodiment.
Fig. 50 is a side view of the high frequency transformer of the eleventh exemplary
embodiment.
Fig. 51 is a rear view of the high frequency transformer of the eleventh exemplary
embodiment.
Fig. 52 is a wiring diagram illustrating connections of primary coils and secondary coils in the
high frequency transformer of the eleventh exemplary embodiment.
Fig. 53 is a plan view of a high frequency transformer of a twelfth exemplary embodiment.
Fig. 54 is a front view of the high frequency transformer of the twelfth exemplary
embodiment.
Fig. 55 is a side view of the high frequency transformer of the twelfth exemplary
embodiment.
Fig. 56 is a rear view of the high frequency transformer of the twelfth exemplary
embodiment.
Fig. 57 is a wiring diagram illustrating connections of primary coils and secondary coils in the

high frequency transformer of the twelfth exemplary embodiment.

DESCRIPTION OF EMBODIMENTS
[0045] 1. First exemplary embodiment
Explanation follows regarding an example of an exemplary embodiment of the high
frequency transformer of the present invention, in which a primary coil assembly and a
secondary coil assembly are respectively formed from single flat wires, and in which
secondary coils are inserted between primary coils.
As illustrated in Fig. 1 to Fig. 6, a high frequency transformer 10 of the first exemplary
embodiment is provided with a core-type ferrite core 3 that includes two circular cylinder
shaped cores 3A and that is configured with an overall square frame shape. The high

frequency transformer 10 also includes a pair of primary coil assemblies 1 and a pair of
11



Fig. 50 is a side view of the high frequency transformer of the eleventh exemplary embodiment. Fig. 51
is a rear view of the high frequency transformer of the eleventh exemplary embodiment. Fig. 52 is a
wiring diagram illustrating connections of primary coils and secondary coils in the high frequency
transformesidiis etevertmexesplary @mb@dimm@p&igze&@iﬁqaep kimpéﬁw&ésamigh iisesguRnCy

ranstorn QBN the VA SXEhERy DebHmeHE PR SRS i SPONEY R ey
transformeri&f, meﬁwﬁh@xﬂmmymﬁ ImﬁnissEtngﬁ; is foread fiew afsthgld @mfrmmﬂsncy _
of prmar EBHE A SR Sl R RHAal oA ST B BXemplary
em bodlmﬁnﬁaﬁﬁﬁﬁﬁl RTHNi fofnBEMB@INMEN ESch of the primary coils 1A configured by four
turns of the flat wire wound edgewise. Note that winding edgewise refers to a winding
method in which the flat wire is wound along the width direction.
[0047] The pair of secondary coil assemblies 2 is similarly arrayed in series, with the overall
pair of secondary coil assemblies 2 formed from a single continuous surface insulated flat
wire. The respective secondary coil assemblies 2 are formed with three secondary coils 2A
in uniform intervals, respectively configured by three turns of the flat wire wound edgewise.
Note that as illustrated in Fig. 1 to Fig. 5, the secondary coils 2A employ flat wire that is
greater in both width and thickness than the flat wire of the primary coils 1A.
[0048] The primary coils 1A of the primary coil assemblies 1 are formed such that a winding
end portion of one of mutually adjacent primary coils 1A opposes a winding start portion of
the other of the mutually adjacent primary coils 1A. Similarly, the secondary coils 2A of the
secondary coil assemblies 2 are formed such that a winding end portion of one of mutually
adjacent secondary coils 2A opposes a winding start portion of the other of the mutually
adjacent secondary coils 2A.
[0049] In the primary coil assemblies 1 and the secondary coil assemblies 2, the secondary
coils 2A are disposed inserted between adjacent primary coils 1A such that the winding start
portion of each of the secondary coils 2A of the secondary coil assemblies 2 opposes the
winding end portion of one of adjacent primary coils 1A of the primary coil assemblies 1, and
the winding end portion of each of the secondary coils 2A opposes the winding start portion
of the other of the adjacent primary coils 1A. In other words, the primary coil assemblies 1
and the secondary coil assemblies 2 are configured with the primary coils 1A and the
secondary coils 2A combined with each other such that the secondary coils 2A of the
secondary coil assemblies 2 are inserted coaxially between the primary coils 1A of the
primary coil assemblies 1.
[0050] Note that the number of turns of the primary coils 1A and the secondary coils 2A do
not necessarily have to be the number of turns illustrated in Fig. 1 to Fig. 6, and may be
determined based on a ratio between the high frequency current input into the primary coil
assemblies 1 and the high frequency current output from the secondary coils. For example,
in cases in which the high frequency transformer 10 outputs large currents of high frequency,

each of the primary coils 1A may be configured with seven turns, and each of the secondary
12



[0045] 1. First exemplary embodiment Explanation follows regarding an example of an exemplary
embodiment of the high frequency transformer of the present invention, in which a primary coil
assembly and a secondary coil assembly are respectively formed from single flat wires, and in which

secondaeﬁﬂ@il&ane}irtﬁaftﬁdi@ﬁ%aeiﬁhpﬁw alynspds tHSYilistrate doits Hig. pbétibigdait ddiigbnttequency
transformer 10 of F‘Iﬁ first exemplar embo |menL%F ‘t# ?wde with a core- t‘éﬁgofemte core $ hat
includes V3 &Gl %yﬁ?HféP%ﬁQﬁ bofel 3RIARY that B EORTiGEPEEW V& 887 HFame
shape. Theot]ighlﬁr@quemcyptqmmmmaﬂ&ﬂﬂm mmg&atbapmhpfmarya@mmm htieg Beand a pair
of 11 secoﬂgér blles 2 mtiq1 whic ﬂ} respe tive cﬁ r?éiﬁ s 3A is inserted.
[0046] ASS 5&@3 _tt%rrfisrgw gl ?5?%%1 §rgoc1) 3 5‘3‘/’85ltﬂl$senes with
the overathnattlmn‘mrtmalyamﬂ@ﬁem mhgsllofﬁvmeg fmrpr&r&fgglemmnruMeiwéaﬁdmscﬂﬁl@d flat
wire. Eaﬁ-u of the prima asse bI| sg‘ is formed W|thchc:a[cn\£nmar coils |A in uniform intervals,
it oo SR SRR R G A A TR SR R G LS Nttt
winding adge\menreéehsytga@y\amgvﬂﬂeﬂmmwtﬂdjmhﬁ pattiviie i thodlad wlosg tHhividthldirection.

[0047] Thle palr of i%(]:onda}@/ coll azasembl es 2 is |m|IarI arrayed in series, with the overall pair of
secondat y ol R5fed™s ffmed o a% H&?& c%lh\t’?‘\ugus surface insulated flat wire. The

respectl\,{@(fekjorﬁiane q:mhasymbheﬁﬂllﬁinesfd)rmedlwnhmhmmmljmym@nlﬁraﬁymdﬂslm intervals,

respectlveleconﬂ ured b three ?f the fl?t er und V\ﬁ% Note that ?F-. str edin Fig. 1
iC

to Fig. 5, the 'Secondary & |Y§1rfit emp Oy il wire a §s geré)}al (Salr In WidtA ang" ness fhan the

flat wire ofdkmrgrimmym)dselfen{@ﬁéhﬁ] akhe griddicythoibs ki ob fhiseprinoadacododisseirthliesrd are
formed such that |nd| end of one qf mu aII qj cent@rlmar oils ],[ﬁ\ ORRASES a winding
ar CO assc blies 2 the
olls imilar

start porfioh of the tOt hefu ua Iy adjrg\%:ent'pnma(f“& COIISTAS & setondary Coils 2A of

the secohwymmﬂmembhesda@reoimmdcmfcgutbmmmngi mg@r&BﬂhM@mqﬁrbled ofitntthally
adjacent secandary coils 2A oppases a winding start portlo f the.other, of the mutu jacent
cetoniad) BT AN GO o ey 7 BB 2 L el S SR A . e
secondaqptsuxillscﬁS&tmrmMpsedsﬂs’etheddnehdjwamdg:al&ersbpmmdw cols2¥A such that the winding
start portig e ch Seco dar & fthe se ond c0|l asse bI|e oses the winding
end port one oﬁutsjﬂaa(t:eé(ﬁ pEl aryoc%lﬁzﬁﬁoﬁ%glﬁlrglm ry Coll Ogts}ggrﬁ E)Ehe \%ndlng end
portion oécﬂhach dithatsegorbarjocolsiRipappd pesrtngy mnichm;mﬂaitepbnmrﬁgﬁtemadﬂadnmthﬁiad jacent
primary (i0|l(§ 1Atolrho h ue[ ‘é’é)ro‘ﬁhthe grlmar nglﬁfse%P jes V% a d the dseclggndary ﬁoigassemblies 2
are conflgure |th 6h primary coils ne secor ary col s & Conbined: W|th &ach other such
that the smaumdarylbbtlﬁlé/ﬂamfwhe senﬁgdaswcmd%sgw@hd@ﬂm@uﬁm&esjtocthmatllgelbd\t\lreen the
primary Sale b Ahlle eumany ool Resamblies 4y KORGL NelR NALIG umRer LR AT g £rimary
coils 1A secon ary coils do not recessarily have to b {lPe number of turns P(Iuétrated in
Fig. 1 to ﬂixy v&ertamhfraydsei disténmind € Besbdoio dlmtutdmwédw tbanighmraywenassuntdmtlinput into
the prlm%%clgria%;g Ilesi 1d nd thI? %E‘OH%‘F%”S rrent outpyt fr theag l%tgé%fons For
example, in cases iIn w which the ﬁlgtﬁ rgquency trans 6outputs arge currents o igh frequency,
each of thenpeictealjocuilspu mabeéhaonﬂgmwningﬂfqmymsnemmnﬁmheosbdondary 12

[0053] Similarly, at the winding start portion of one of the secondary coils 2, the flat wire
that forms the pair of secondary coil assemblies 2 configures a lead wire 2C leading to the
outside of the one secondary coil 2. At the winding end portion of the one secondary coil 2,
the flat wire configures a crossing wire 2D that continues to the other of the pair of secondary
coils 2. At the winding end portion of the other secondary coil assembly 2, the flat wire
configures a lead wire 2C leading to the outside of the other secondary coil assembly 2
similarly to at the winding start portion of the one secondary coil assembly 2. The lead wire
2C outputs a high frequency current with a current and voltage corresponding to the ratio of
turns between the primary coils 1 and the secondary coils.

[0054] As illustrated in Fig. 1 to Fig. 5, insulating members 7 are inserted between the
respective primary coil assemblies 1 and the secondary coil assemblies 2 and the cores 3A of

the core-type ferrite core 3. The insulating members 7 are configured with insulation tabs
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coils 2A may be configured with two turns, or the 2 primary coils IA positioned at both end portions of
the respective primary coil assemblies 1 may be configured with six turns, and the two primary coils I1A
positioned at central portions of the primary coil assemblies 1 may be configured with eight turns, with
each of tha gecereay 1oiks RAHOMigIdE dwlith tivuttitios. thtotetdheh innlee Beaminga fiemifdghd
onwards, the primar iIs IA and the secondayy coils 2A are respectively illustrated such that the
Bt it R A A S R SO
adjacentgertionsedftite dai wirgsinliig isiti Jorthedahss dooiidasecoiivlexempiatisimhadimeant
onwards. [0051] In the primary.coil agsemblies 1, the flat wir, tween adjacent primary coils IA
configurd SRS B TGRS SETRED D TGS Dhie SHRAR SO e i rossing
wires 1Bthesedoentedl. soNagdohatraddie i diepidaceftthestetandaryhedilsi24vithamhantbadjdoaat to the

primary coils IA. Similarly, in the secondary coil assemblies 2 the flat wire between adjacent secondary
Coits 2 BBIRLISL RTINS S ARATIE BOh BOCETANS S ST Srtonaluy GO om. The
crossing awirkss2Btat enfEim éd iasudaitn siratidie drkapuisidanfliheepringalytioailsdfdloatandagjacent to
the secondary coils 2A. [0052] As illustrated in Fig. 1 tq Fig. 6, at the winding.start portion of one of the
orimary GO 8 RaCUTRSHEE RS IR GAEY B S LR e A F OB RSha vire 1C
leading tintkeiaptdicefithegnepriverary. coil 1. At the winding end portion of the one primary coil 1,
the flat wi nfigures a crossing wire ID that continyes to the other of th ir of primary coils 1. At
the windiyl EHd DM BF dIEaUTISY IR E5h HoCb oA, e Wird Lo AR fire 1
leading todite Iduisid ehofstiveatingr qoiin2syaco il apssmiblyeinsinitad ydohaittiee, widdirgpsiandrportion of the

one primary coil 1. The lead wire IC is connected to an.input source that inputs, high frequency current
o the prctiy coie 10qBeCs) Bt SR L BT St SR AR e
flat wire tlabgatmathe gadcodsdcondarsecaildasgemblizs RosonfigdrasbatieankdwirEtRECsteadidugyto the
outside ofoq?gsg&%b ?ecso?dal%ccgil 2. @t th eWiarll inq 1[5-rnd orti%n of tpﬁoonseis gn(r:llaré{rc%i(l)1 : the flat
wire conﬁgures a Crossing wire (Bnl%g’t CORtRUES to the other of the pé’lvr of secBndary Coil%'2 At the
winding endpaortioagottiediolt ecsemtrtiby\ticofrassentbiys Hatsesftatough derfigundsra teald, wire 2C
leading to the oytside of the other secondary coil assembly 2 simjlarly to at the winding start portion of
o ome S s B e S Tl B e AT R R e
and voltage pomespantingdohtheccatidaof oms ibetwesimilg primakyseoild ltlardbthensbbiogdary coils.
[0054] As illustrateddn Fig. 1 to Eig. 5, insulati mbers 7 are inserted be the respective
e e R ST e S s sl e
ferrite coles@diieginseigyingmiemivens thapeicanyiigore dovith sesuldtignctalbscdB bisstipatesxedrid towards
the outsige egngr&nlin%%la&%on tab retaining member 7B that retains the insulation tabs 7A at specific
intervals. T\fheyinsu}aﬁon tabs 7A of the insulating members 7 are inserted between the primary coils 1A
and the §60660Habynceitb2primny thelinswiabdnstathretairgngierambel 7Brsimrsdrtecthbdteveibn the
primary cqils 1A and secon ils 2 nd the cores 3A. Note that i igh frequency transformer
O the e B B e O B B TSR
secondappweilsiigh Moreovorcasdtitistiated, infig By inslitdgtiolangashernichightieaguengy shaped
insulatiogmgﬁ o}gd sﬁtﬂ_lation sheets, may be inserted between the primary coils IA and the secondary

coils 2A msteadso Inserting the insulating members 7. [0055] In the high frequency transformer 10 of

the first dR8MlaManyedithe ptinkeypeimianAcoild the sendnkdersecoin ddrprsodssaniaradigpalsed
alternate r imary: Gils:| itio ' coil
assemblié{ggﬁei%g%%%}(?sg%%?t ‘z%&%ﬁ"g Igln%&t%?g 'axg?%i@%e}%%%r? %@ﬁ%ﬁgg;rgec%% gr%{ ecoils 2A
positioneiimaspitpdradscotthes devshtharyecoildasgembiisssabAecdndimefgrdurely bighigh frsbuency
current fl 0. ri il If agnetic fiel i j sses
through t%\g%éz[:lg;lﬁ ar&%%ﬁ%%%ﬁ%ﬁ%@%ﬁage ingggtg% e%%%%é%ebﬁla%%%r%ﬁr% )E/}Ss{?ﬁ%l Bl'grlﬁg degree

of coupliRd bevwediictivat prilgran) dviactansl theashsohelaaydovitsnit seeviaivglippessdclodbadizhthereby

enabling A r i e ' i I %, such
L e 0 Bz t &

that loss during €nergy transfer from the primary y coll
very smaiflaipoant BbBghSknes e prmsapssicasgunlies 1 have a greater overall number of turns
than the sepandan,coll assamilies anapalicatinmin sy isie siatonsmyishadiohiypitage, low
current high frequency current’is input, and a low voltage, large current high frequency cCurrent is
output. [(OBRPFMorsansprier beaiagy el frenprineseciidahenditne Ardreosksimiayintstnal
diameteritg gach.AthsE Ancharg coaxialy,dispgsed. The degree of coupling between the primary coil

assemblies 1 and the secondary coil assemblies 2 is accordingly higher, and magnetic flux leakage is
even smEiRTthaliserctaiprntzayncolsion s tHeofdbemeamptoegisnembrayd aifensertedternal
diameters to each other and are not coaxially dispqged. The high frequency transformer 10 is therefore
suitably employed in high capacity power conversion equipment and high capacity power source
equipment.



[0058] Moreover, a higher conversion efficiency can be achieved compared with a high frequency
transformer having two or three primary coils IA and one or two secondary coils 2A through which one
core 3A is inserted. [0059] Moreover, since the insulation tabs 7A of the insulating members 7 are
inserted betwaanibemiaiayotioisAlahdid esrbondaily 2ailsmAlatisi iaticrdetwas i primary coils
1A and the.secondary coils 2A is moye_secure than in aEi h frequengy transformer. in which the
insulating HIRrHbARS 35 8 SATHSETHA BerRLRHSHETHIAR) EblaIER SRR SARBREAR B Ns 2.
[0060] Invh&bekondatytegllmehbadlatvdie ofrgeeriEbawaibnand griaaisr ¢bitknassdae that of the
primary coils 1A is en (J%o ed. The high-frequency transformer 10 is accordingly suitably employed as
a high fré&fj r%r%l(}?g? %ﬁer wherein a high voltage, low current high frequency current is input into
the primaop6eoj| dastadaieadaanchidigl) iréqueneyofyranrwilta iadereatticthidkralotainactitom the
secondary.coil assemblies 2. [0061] Due.to ayjng the core-t ferrite core 3 for.the core, loss
can b6 SpHICECRIAES EomAllo? SHBTAE Mol e B RE LR HANISP I CoPHet B8 iners i ron
core configitily froupl dpeexamiplghdisifjicait gteatyitatads ehoploye i i oxdoyer, 1tve sattenohipe core with
respect to the Erimar C(%il asseglbgeﬁ%l and the selconda[%f.co' as e'Ebll??f 2is decrease%i, thereby
leading t0 SHNGEr topper MAChIRE CRaFACTEEHES. RIENE'RumbBEr b tatnSat the pitHER) coils and
the secomndéry togs camncactoobinglydiese chiadstndasticuilarsgivibdja Margin in the density of magnetic
flux passﬁBSéQ;"b%% the '”@'9%0“ ﬁﬁ‘eec%?é?tégecf‘e%e{%e'E‘oVthﬁch}‘rt ‘%;é%”ecylc?s%@éﬁ'ﬂ% ﬁfj{gﬁf&f‘é‘? tfg‘?h asin
a parallet resonant ihverter or in<a’series resonant inverter. The high-frequency transiormer 10 is
accordingiyasigitabiyuay pliech wingtogiog hikdl fargensissidenpdras tanasriaw fregueratesfiguthé region of
10 kHz t9 200,kH12), (0902l Moreayel, singe.the primary ogi assemplies d.and e secondary coi
assemblié€? &re resppectlve y torme By winding a single continudus ffa% wire eggewse at specific
intervalsr¢beeefforthef panagctiol degpatbbesé padatetys ¢oonbayproriasg colib kAR andessesadlary coils 2A
to manufaeture fne primary coll assemblics 4.and ghe secondary gal sssempliesd fs nog fpguired. The
high-frequenc;}’trans]i'1 rmar 10°CaN zggcorlalng y be Mmangractiured’msd easrﬂyet an anFqun Frequency
transfornpemiarwhichs sepahatelyoicdang dphimanacaildibAlabd seooetanypadilsulh girergpmnected
together ig canfigure e pumeny.coll assemblics 1 and e ecendany poll assemblies & Thepe is
moreovel RENeed 16 Tor & tonnection operaﬂon dfich'as o‘i ering n order {0 connect fogelilll]er the
primary doitpgécgdrtitel seperidemedails:hthsisnenadiitigl adead:ft eeveunfigumaticeneithvayooaht
environmental chasac!islics. 09431 AN sxamplgias been given, abeie, I wOIGH the.plimary cot
assemblies 1 and the seconda y coll assemblies 2 are connetted In s ne%[? owever configuration may
be maderwigersinvitienpdinsafiar esiloas Seqisiesct @mchthe seoarfddkideii@ggemidlies 2 are connected in

parallel. ppfigurglion Q”e%ysﬁ‘a:csé’tﬁgé%a?%‘%y"‘é%%r%@e%lPrs‘ ALY f%sf%% oS aa%%]%n‘%BHQse’z‘ted in
series and the secondary’coill assemblies’2 are connected in parallel, or wherein the primary coil
assemblies lespectunlysioienehtparalidi e singlseoondasy cliltazsemitgiosi® atsmponnected in series.

embodin e B A TR
assembly@bhda seocvmddayteilthe pemibly acel rsspablicelV fodhtledsframdarsinglédtatmibesaddswherein
the Secoﬂgﬁé{qﬁ?ﬂéﬁaf%ﬂ}%@ﬁ%@&ﬁ‘é’ﬁ&%@&%ﬁlﬁ@ X§ 8@1'1? ‘accordingly be manufactured more
easily than a high frequency transformer in which separately formed primary coils 1A and
secondary coils 2A are connected together to configure the primary coil assemblies 1 and the
secondary coil assemblies 2. There is moreover no need to for a connection operation such
as soldering in order to connect together the primary coils 1A and the secondary coils, thus
enabling a lead-free configuration with good environmental characteristics.
[0063] An example has been given above in which the primary coil assemblies 1 and the
secondary coil assemblies 2 are connected in series, however configuration may be made
wherein the primary coil assemblies 1 and the secondary coil assemblies 2 are connected in
parallel. Configuration may also be made wherein the primary coil assemblies 1 are

connected in series and the secondary coil assemblies 2 are connected in parallel, or wherein

the primary coil assemblies 1 are connected in parallel and the secondary coil assemblies 2 are
15



As illustrated in Fig. 8 to Fig. 12, a high frequency transformer 20 of the second exemplary
embodiment is provided with a shell-type ferrite core 4 that includes a single circular cylinder shaped
central core 4A, and a primary coil assembly 1 and a secondary coil assembly 2 both of which are
inserted osiadfiedcenicaksore 4A. [0065] The shell-type ferrite core 4 is configured from a two-part
combinati E-shaped, central cor B that are formed by sintering ferrite into an E-shape and are
pressed E§§gﬁelza%i$§%ﬁ%ﬁ'88m§s%t Ui E%ing for example clamping fasteners (not illustrated in
the drawingsihsatias folfass egahddthan AsulpkistedoihdrigmBddimight 2 theehheltdypentsrrite core 4
can be split into the central core 4A and an qutside core 4C that is po f’tion d so as {o enclpse the
cenral B ARSI UL ST B RSIER O RISy B Ao PR SEF 58] combining
the facingskesibiped cespiealicasefordBethabara singimiiar corfigid atlando dacleathedrcooifiguration may
also be made tﬁ?rein the shell-type felrrite core 4 is configured from a combination of an E-shaped
core corrlélgf)%%% eé%%@‘%é’ﬁ%%’ ore 4A, the outside core 4C, and a lower portion core, and an
I-shapedAoitusatitedpoiigng to Biy uiiherhightibegoeney [0O6Gh Boih 20 e thptsat @atexbinphdythe outside
core 4C m e for{ned in asquare ¢ IUEE_n sh:?;ge, howe\qe{hfc%rmiﬂ,ggthe centlral core 4Ari%n circular
column sHAPE ENAINEBEMEEHESS j‘a%’s? e e Cre-type RsItE tord s & i thE Rm AN coil
assemblyhihgnicsegohcatydcaihad seminhyr, clichsthaibilyel spacestaciatadf el totadisbin Db thie
cross-sec&igvr]na ea of the Qrime%[}/ oils anq the 549Acondary coils is close to 100% with respect to the

area of tife Wine .r?é%‘?ﬁ%%v&l,? eret: Ei/cc?cr)lrt{tarlbclﬁ)tri%g to6 a further reduction in size of the high frequency

transfornj@d ). [066 Fhdlheypeitficatyecaitasse mlnlfy ghisdctrnfiga red pydiotempyinzaiyncdilB-dfagnl the
secondary coil asse 2 is configured by three secondar co%s A. Both the primary coil assembly 1
nd the ST AR R T e ey M SRR e 00w
The dispalsalgafrthe-drimadirecilsrilvs mgddhexsegdndiampoigst2A¢rand (the dbisfigtediiotis of the primary
coil assembly. 1 and the seconda il assemply 2 are.similay, to as describe ve ip the first
exempin S ORI AR o TG R T T R R o incing
end porticorof tta thatspirte ferihia getiteapeionasAcoitl assautdidy tocoAfigte leadsiirasd © esaing to the

outside of the primary coil asse 1. The lead wirgs 1C are connected to an.input squrce that inputs
igh frect b ey s N L e e S i T VSRR 2 wincing
end portitemroé thedkhbwicenibimingthled macg Rddrypedit agsambtys2t Bahfigaredésidwiares 2C leading to
the outside of the seconda il assembly 2. The lead wires 2C qutput g high frequency.current with a
curent e o A TR B RN oty
coils. [00F} Asslhstiigtedddrbig a8 tmbigatidn irfsuldtingaprenbersofraspondeged thetveagnltbergrimary
coil assembly 1 and. secondgry cojl assembly 2 and the central core 4A of the shell-type ferrite core 4.
The el A T A Rl o R e o
an insulatigpetgontetaioimg member 7B that retains the insulation tabs 7A at specific intervals. The
insulatio Ot@&j? the insulatin mbers. 7 are.inser ween the primary coils 1A and the
secondaTy colls Rq%#% &ezll{fr%ﬁfgﬁ?% ta %rglt%ﬁ)ﬁ%&r%e?%%qeré%a?ﬁ%igﬁ%%i betwe uﬁrt%%%uﬁrr#ary coils
1A and sgrpadbey codisiopnangitiive cairel 3ardvbiarthatiiaule tihmnehapaclitransfoneat1&B, the
insulatin 7 e rom.t ide. e primary ¢oils 1A t dary coils
2, Mord R e e or
insulationsshedly haydietinsdrecpanstinetn tHahsrintalryueitd ths arvdstsecteocmemey duilgrizmainstead of
neertira b IS FUNGEMRRIS T K007 1o IoBRARRANenay nSlarEIehe fidhe ssend
exemplary embodiment, the shell-type ferrite core 4 is employed as the core, thereby increasing the
ratio of thkcodre eittritegpertoe thehssitsdnatiom pasise e fohthbi gighcfieenwncynytonsforafer of the first

exempla ' ' ' ite core | re- . ' ronger iron
achine o e R Ay wanformer o
the first exepngdritycorhbesgimidnit? theanitzarsd tydludvantagdunsetiedtiof diotythaipaisnhaapgstied in
applicati i . A i r ils, Jn.particular in high
reauency Im s L e e B T o <o
assembl?@éﬁ@t_ﬁeﬂ@é@dfﬂjary coil assembly 2 are respectively formed by Winding a single_ continuous
flat wire aRACGInteryAlS e RIBHALSRRING IIRINEL SRARAIGH FXMEY primary coils 1A and
secondary coils 2A to manufacture the primary coil assembly 1 and the secondary coil assembly 2 is
not requicedfizwatingh dfébe erisianaeicsrinly ik accbissgindusisothassafablyrkarastpiapdison to
high frequency. Hiansiguners iﬂe%&@;?&ﬂﬁl@?@ﬁ@émﬁl@rﬁfimaw coils 1A and secondary coils 2A are

respectively connected together to configure the primary coil assembly 1 and the secondary coll
assembly026&otisaHuivarigeitdli gharadtiidies aradingsahipnégrigedts Wading enfeparfier
configuration. 16



[0074] 3. Third Exemplary Embodiment Explanation follows regarding a three phase high frequency
transformer included in the high frequency transformer of the present invention, wherein the primary
coil assembly and the secondary coil assembly are respectively formed from a single flat wire, and
wherein dfalsetondatyfoniisngrehinseried ketieeanibs arivafgeeileaDR o) AS ilkadiratestie Fig. 14 to
Fig. 17, in a three.phase high frequency transformer 30 according to the third exemplary embodiment
. thrce S R BB SRR L ind G RS o RS HSSUINGS T 20856
secondatyt oiipassaipbliag ddn 322 dnt Witoidstiatingrnesitbers 7 are fitted into each of the respective
primary cqil assemblies 11, 12, 13 and secondary coil assemblies 21, 22,23 at symmetrical positions
Bout 1nd O 0P PRt e ST ER A A AT LAY B8 % L S SLRAHG rmbers 7
are of simitageconiigyrativndahtlse deacighed]ahbwerss dtelbndiexenipaytddeattineatoliiarp] The
three-legged ferrite care 5 is inclyded in_the ferrite core of the high frequency transformer of the
orosent FULAIS Aicims NESATLE§ b, QT8 #6 e THAPES RGN B IR Bihcludes three
columnar chiags &krthpdaden foromie fomoietiiie docvasa disposes-atcdROadghessateidals @ituind the
circumfe of the three-| feyrite_core 5, a plate shaped top plate 5B that is formed from ferrite
and 1o oD 1 BN EH s B o LR Sty A o SE s forme
from ferritei@nn) isotiasptenbly lburelr endsdaftheilhreemblymnad doresidl [0 4\ Tdfeltop plate 5B and
the botto te 5C are respectively configured in an equilateral.triangular shape with r ed apexes
it QAL U RE o 1 (e B R Qs B T R Pier o
through ketend freride thabatselairal pantiosnylationtat mseniignmeodeed Brihaespaiativtety provided at a

central portign on ch{ dge. Fixi olts 9 are passed through the holt insertion through hale and the
ot inse OGS, TRy oS etRer (1 A cl S B e oo
plate 5C a6 07} ledthet wruwetheggedaigrtivel cbreabdcbafigeradiay noaly PA mad éhsucktuth@dthebcolumnar

cores 5A can be divided intp.upper.and lower parts along a pl orthogonal to the respectiye axes of
the ol e R By S S S o TR e e
halves being 3#tegrabto the botherh: gafie GEndfdremierntti2to thmmanletreshéntay Henepiigured

such that instead. of having. a -lower divide Nnfi tion, the columnar, cores S5A are integrally
Formort 0 R R R T R R o
the bottortiplated( tag H2 sephtaiedvirdrersietoa armargcdrgs: & As[007€] Mlaesodithethreencolumnar

cores SA s mounted with the primary coil assembly,11 and the secondary cqil assembly 21, one of the
Cther con IS W Iag AN G2 pRRERT s ARnd IR SEEARIBDCSIN SRRTE o1 |
assemblyn2@;taugdith enetlemef tieenbetamnar cores SA is mounted with the primary coil assembly 13
and the ary coil assembly 23. [0080] As illystrated in Fig, 14 to Fig, 18, the primary coll
esomonag ol gt AR E Y, PRl IR eI A A R oy
single cositehiops flarivierd Hesprinpdoyabisdbsemblidsitby i2¢1edsane tfespectivethdfonmedithith four
primary Qi 4 OHIOUL TS ERENOMETID HOIfGrm Inferyals, SHeh b M.ediaggr grimary coils
1A, a winding end portion of one of the adjacen% primary coils opposes a winding Start portion of
the othercofttbdimdidcentipeinthey/fooils ¢ore Simibarkyithe gaeotivardgabil @ksemobliesitdn 22, 23 are

respectivghefRpaghniiusiies sesendanaoln 20 ARSI RO MBIGE afeyals such that
in two adjacent secondary coils 2A, a windimg end portion of one of the adjacent secondary coils 2A
opposes tzandfuding stathpbrsiorkofhlerpttrebodithensdfzzent sksodhelady agig@as [IG81pTheifat wire
configuriag i PITACY GOl AREMBIES kL, 1A GORITUISR GiaRspE LSS B RHllgH.out to the
t

outside 05}5%1}16 aﬂ%g?y cgﬁsp%A at portiolns %etv&leen ﬁ%% phﬁmary cgﬁ 1A. T%e crsossll{ng (:\:/vires 1B are
formed s@m@gmﬂ&@ﬁ}m@@pﬁ@émﬁ@efmﬁg@@qﬁ inverters (in the region of 50 kHz to 1 MHz).

[0073] Moreover, since the primary coil assembly 1 and the secondary coil assembly 2 are

respectively formed by winding a single continuous flat wire at specific intervals the effort of

connecting together separately formed primary coils 1A and secondary coils 2A to

manufacture the primary coil assembly 1 and the secondary coil assembly 2 is not required.

The high frequency transformer 20 is accordingly easily manufactured in comparison to high

frequency transformers in which separately formed primary coils 1A and secondary coils 2A

are respectively connected together to configure the primary coil assembly 1 and the

secondary coil assembly 2. Good environmental characteristics are also exhibited due to
17



secondary coils 2A. Similarly, the flat wire configuring the secondary coil assemblies 21, 22, 23
configures crossing wires 2B pulled out to the outside of the secondary coils 2A at portions between
the secondary coils 2A. The crossing wires 2B are formed so as to straddle the outside of the adjacent
primary ¢aisnbA. K82 d benffguiaiisly members 7 are inserted between the primary coil assemblies
11, 12, secondary coil ass lies 21, 22, 23, and the columnar cores SA. The insulating
memberlgpjzﬂi of‘;PMF@géSWP ﬁrr%\eﬁg??’? 5P bescribed above in the first exemplary embodiment and
the secondsxritiplafyl Rywbeciaraiiy bl diecthsidse thighfay fragqyenays foamsiokid 39 ithehinsiglating
members. 7 may be inserted from the outside of the primary coils 1A and the secondary coils 2A.
Moreovel SSRGS b B G s 9B B TR IR FRLAER USRS that are
ring shapecoinditation platedlgrdrstdgiten shedteracd insartedrydiviiaen ke prdndntaailhd A and the
secondary coils 2A instead. of inserting the jnsulating members 7. [0083] As illustrated in Fig. 14 to Fig.
17,inth ?)Cﬁﬁ'nd;f)y&}?fsa%rsee%ﬁtee it, 3 HEVWIRRG start portions and the winding end portions of
the respgo0ve]prixsatynaeitabieRiplies td Eig 2,71 sheoifigriphdeadiglirgsqlenleading fotinte 30e outside of
the primar c%‘l asse bJ['}Ee}sdll, 12 13. Ogg of th Iet d Wiﬁfs 1C of glach %f he.tprimar coil
assemblisS 1 1S T HER XIS HRAOHLEEAEIT CBARS 85 o See8hiREiB T HRg & that is a
circular ringeshdped mandnctiof dseeiyblibe 1atheY, IEhandisesobh@anf ¢thd sespablivedriair3scoil
assemblies 11, 12, 13 respectively canfigure a U ph input terminal, a V phase input terminal and a
W phase ST TR s T AR ISR The AP e BN Soore it o
connectidl,aad Hhestidaey dniFagscidblie084] 25 Jhustratehitirkdg). JobittoRigabbi ththecsaedondary coil
assemblies 21,22, 23 he winding starh pertions. and (g winding end Borions of the tespeciive
secondary Sl Assemblied ff,ef' ) 3°con igure RAPWIrés2c leading dut to e Gtitiad 6 the
secondasyncibi @sséimbhes i B2s@desthibadinblavg endhdcadtwirenFlaof thesdooadary coil assembly
21 is co d tg the winding start lead wire. 2C of the secondary coil a ly. 22 the winding end
e wird S0 L oS e Aoty B T R e S T e enoc ot e
secondaryagsibasseoilthe P& santitiventimdimgdendllesttawiter2G mflthe J8gohtiahe doitadseradly 23 is
connectedig 10 lead Witg 3G of theseaandary coll assembiy 21, A cannsgtion portion, betyeen the
secondary coil assem]llﬁy S and the seconcfary coil assemb yr?f is Connected to 4 t phase, a
connectiehl@ortiegréretmennlthecacbihdanycooifasseenilyh2 thanct tpz et tondacpedi agdambly 22 is

connected to hase, 391 copnect ortion between th caondary coll embly 22 and the
secondar B S BT e e B e 1~ 20 2 e
accordingbhwondigumed Hvithaadie battonpéotidt; dwillsstaed froFideBe [00BE]doutiedthrdevinase high
frequencgntésagﬂ%rgn&%reggb helprima[éls g%ll assemblies 11, 12, 13 are thus configured with a 'Y

connection, and the secondlé?yacrocl assemblies 21, 22, 23 are configured with a delta connection,

however[00ififuidtioomdytd & BradetheHerieimth b eritaame coibasserhbliestiglrd®indare configured
with a deli, sonpaclion A the secandam ol ssserihlies Al 2% 28,015 caniad .2 ¥
connection, or configuration maR/ be made wherein eac oflt'ilne prlma%y coirassemblies 11, 12, 13 and
the secondargdecoilaagsarablies shipe 2 pRuanaesonfigurelt withtaithdreude halconnectidedota Y
ConneCti%Qntral portion, and bolt insertion grooves are respectively provided at a central portion on

each edge. Fixing bolts 9 are passed through the bolt insertion through hole and the bolt

insertion grooves, thereby fixing together the top plate 5B, the columnar cores 5A, and the

bottom plate 5C.

[0078] In the three-legged ferrite core 5, configuration may be made such that the columnar

cores SA can be divided into upper and lower parts along a plane orthogonal to the respective

axes of the columnar cores 5A, with the upper side halves being integral to the top plate 5B

and the lower side halves being integral to the bottom plate 5C. Moreover, the columnar

cores SA may be configured such that instead of having a upper-lower divided configuration,

the columnar cores 5A are integrally formed to one of the top plate 5B and the bottom plate

5C such that the other of the top plate 5B and the bottom plate 5C can be separated from the

columnar cores SA.
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[0086] The high frequency transformer 30 of the third exemplary embodiment is suitably employed in
applications in which high voltage electrical energy is passed back and forth between two mutually
insulated circuits by configuring both the primary coil assemblies 11, 12, 13 and the secondary coll
assemblifgn 1] Zznaaw%ﬂ{r@@mﬂeﬁimsoﬁ@%%] fE hﬁohighdfﬁeﬂueﬂiwﬁfﬁmiooness’é&isysmiltably
employed in ppllcatl ns in whic rnatln tof large curre outpu condary
Coil oot IBE P93 L RO G A BAHER LU HLCAENSE B DTS Sl it
connectlpnmﬁ@@@ﬂfﬁwrﬂglyﬁm&e@mﬁa&@ﬁﬂh@ssemﬁseﬁnBl]y 22,223 wiglotef odtirasiiomnitoreover,
when unwante harmonlc ntained in th ency current that is input o rimary
Sice, a NS SE By LT BB 0 TR B RS S BE e Raed from the
secondafpEsde sﬂm&lﬂgﬁdﬁwmohlgsmontﬁigemmib@mmttymmumsembtfee prinh2ry Tefldggemblies 11,
12, 13 that are conflqgred wt}a ﬁl%“cggnection 00%8 e enc]?/ transformer.30 is
suitably SRSBISHEY 58 Bﬁﬁé% otis ich A RhIGRPTEIS ‘é?ﬂé G eutaRe TS SUNRGHS Hahe
secondaryinoil a3sepninhias 2dil 28s23bsicke1lby mnﬁquﬂmgsﬁoetpfremefmmod asgefoinlipdidsylédilk3 with a
Y conne tlon d conflgurl g.the secondary coil assemblies Nvith adelta conn f
Vioreouel, Sl GO S BT S A U R g s, PR e [mput on
the primary8idagstndep thednasfrorios m@:hﬂjadam ﬁmmﬁmlsch@abpposﬁsasemﬂ@s;aﬂmbmembhes
21, 22, 23th%toaﬁ[ c%n[Lgurc{ed with adeltacg1 tlog1 hla[’(? onlg(sn%e not ncludeP Hleﬂgh
frequency currént that 15 ou ?q‘r secon ary Side MGrEGY equericy
transforrﬁérawnespwtamwémpiod/odtmthmplbod&wmﬂndﬁeiédﬁnmiwner@yn&pasmdfdnmk and forth
between two mlutuaIP/ ed c %lélets ag é% arcurren? and q voelt ﬁg coInf url both the
primary R PYSIEER ancri1 the secor¥ocary coir dsSemblied 2P
connectladﬁxcMmmomdaewemlwhﬂmppmamemhdmgmmmmamiﬁdeadolﬂld;heﬂﬂgmftﬁqelﬁncy current
input on th marcyﬁdg smce the harmonics included in the input circulate in the primary coll

a

assemblies aPé t are connected with a delta connection and in the secondary coil assemblies
21, 22, 2R)03a{ arEhsiftitaryconfigguadgilb pridelta comaectiopli¢hé lhdnbhicmam rstdrskidged in the

high frequenc urr nttht utput from.the secondary.si 009 urth lary Embodiment
Explanatlon Nt )ilgvesﬁe ar mgt%n%{(%m tttﬂfa &hig %r¥re&{lljseﬁ§yE 'Tlormer of the prglsl?en y?ﬁventlon

wherein poihsarsx. co[F%smsﬂjnligszvmd @mﬁam&tbsbaﬁswmbﬁédlatherespeimvéthe‘od]wdmrom a single

flat wire, and the coil betweent SEeco ar coils.in th Lrimar Ia emblies
and the secon(li]a?'p rqﬁassen% ﬁ H ?us?rat ed in’ ufgl fo ki 5%“ ancﬂiresﬁ’ﬁlelar?cf %ri %?mer 40

of the fo&ihexégupéam@mbgdmmlismd@ddmﬂ wlthea)utsuéetyﬁélﬁesmembre Goglisilaatpon@dwt the first

exempla[jy embo%gns%rclt adn &l)p nl'u W coi %sce(r)rgls)lllles W11r%n econ arg £9 Ias[s)es@g)élfels ﬁ,‘respectlvely
mounted onto cores ? e ‘primary coil assembiies 1 are formed from a single “flat wire as
descrlbedlﬂbd&@falmad;ecmmwmywﬂﬁéd with three prlmary coils 1A of three turns each, disposed

with unifggintenals ateReEaRe e NG AITAN. OIS AA A1 IBTDSH ue Rl fwjading end

portion o utua jacent primary ¢ opposes win g start portion of thé€ other of
the mutuhﬂythdmendwmﬂwmblﬁs f092] Thewse tondanyuwit esssrhbliesTharesalsoniprmed from a

single flag wire %’P%%%'Psq%ﬁg)roé/ SRR ISR AN AARE MR ER i d]rmed with four

secondary coils
embodiment and the second exemplary embodiment. Note that in the high frequency

transformer 30 the insulating members 7 may be inserted from the outside of the primary coils
1A and the secondary coils 2A. Moreover, as illustrated in Fig. 17 configuration may be
made wherein insulation washers 8 that are ring shaped insulation plates or insulation sheets
are inserted between the primary coils 1A and the secondary coils 2A instead of inserting the
insulating members 7.

[0083] As illustrated in Fig. 14 to Fig. 17, in the primary coil assemblies 11, 12, 13, the
winding start portions and the winding end portions of the respective primary coil assemblies
11, 12, 13 configure lead wires 1C leading out to the outside of the primary coil assemblies 11,
12, 13.  One of the lead wires 1C of each of the primary coil assemblies 11, 12, 13 is bent

upwards and respectively connected to a connection ring 6 that is a circular ring shaped
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four turns, disposed with uniform intervals therebetween. The four secondary coils 2A are formed such
that a winding end portion of a first of mutually adjacent secondary coils 2A opposes a winding start
portion of the other of the mutually adjacent secondary coils 2A. Note that the number of turns of the
primary coigldAiantdie saienstaty kadswAdbes Noicnesassandytimdeytoddeatidentbliaber afxurns
illustrated jn Fig. 19 to Fig. 23, and may be determined based on the ratio between high frequency
curront HAETHES S B ES 1 LCBRAE Ao GRENEAD g BRI Bt e
secondaiypnitsrafnd009BjAntordinglyl asdiutstikated, i FIg. 44 ibeopdimerycoailipdRdwitiheysecondary
coils 2A are respectively configured.in series in both the primary coil assemblies 1 and the secondary
coil asse?ﬂBﬂggt%}lT?‘Fellz'éﬁFgﬁe%r\Hﬂ 1%/ fgll assemblies 1 and the pair of secondary coil assemblies 2
are also fespertivelylicetinedtadiiy setias Fig0 94 iAshid ustaiedynebibastSniblkdg 2 2,32 2h23séeondary coils
2A are formﬁd frotm surface insi&ggd flaf. wire g/ound edgﬁt ise, and.thergrimgr coils 1A are similarly
formed froMLDErRRE PEHRRE A RTrE SN &%WE%. e HREHARR &Oél ﬁé(lxﬁg refersto a
winding msthasliis Whieb, the dtatfiwire: ikadosirdsal Ongddia godthodihe ciosidel ofwdwseciomtheypraidary coils
1A, flat wire that is greater. in bath width.and thickness t se of the secondar iIS,2A is
ermployel-TIPOLT TR pinry QU SCLINBRES At el Geb Ay S E BEL e Brmbined
together auatethat theprivnaiipg sitstldadontigAingf the idmaiarcodibssemblied2] drevisdirigd between
one and anpther of th ally adjacent secondar iIs 2A of t econdary.coil assemblies 2, and
Such that B SIEG ot ey B ST Ty L At e B HORAIT A portion o
the one secodany thoikdndmg thvel winectine) yePdl podtibn wirttimgrmdoadoiiepioséshthe winding start

portion of thengther sx?cond rﬁ,e 'I.2A.lj§)lgggli?t erlthean in tt}@cpoqjﬁgs descgnbed ahove, tq)(? high

frequenc@ef%nsafrgrrcr?ér%éeg? oUHY exemplaory} SmBodiMment is similar 1o the hclgh-?rsgqnﬁer}'cy

transfornmiér 10\ebtiredtish @oetiopl deyverab ddisteoh QS Sissdatyytd Xhadibh scequiang y dthnsformer
10 of the first exeaplary, embedinent, since In. e iah regeney wranstarmer 4 of thg fourth
exemplary eém gdimént the pair ot prlr‘?lary coif A8semblids 1 Ahd the pair o second\éry coil assemblies
2 are respwetnkdlyfbrme thbyovimdiny ecsinglernbhtitiucusflatmérbtahay ghesiiandte mintheoaffort of
connecting together separately farmed primary, coils 1A.apd secondar ils 2A i er to
e e el e 2 AT SRS R R 25 quireat. The
high-;reqmmmwatl:fownﬂlaﬂfﬂl c]ii}hasemnhiad giycha alnmmlbﬁeWédng& zeasaiclty(thhnayhigh frequ(;ancy
transformer in whi ely form rimary coils, LA.and secondary coils 2A are connecte
together?gn%lﬁa(lfr\giﬁg%ﬁ%ﬁ%@nggﬁgggg@n@%g teanlﬁt?g’ilt;g‘(’:ondary coil 22 assemblies 2.
Environniedal ctarthetdwistipb asrchngbriroyerngydthuifertoch dbint apeacifreeit osigurhton] [0098] Since
the secopgary golls Avare dispased ahall.ends i e ighTequencyiansiopr 9 the gueral
secondary coil assemblies 2 can easily be configured with a greater number of turis of the flat wire
than the grirfignyecow idssateliiesrhéntcomiparison tonhigiighfretydrcypadenstoneietiOpirthaeyfirst
exemplary emhodiment..The high fr ncy transformer 40 j rdi g/suit emplpyed in
Pl T e e o B ot peer
given abesssmddrrding 220 Zkarnplefrgwhithy both hepravzey, coitastamities hankcthedecondary coil

assemb'@ﬁ&e?xﬁ%&@ﬁ?ﬁ?ﬂX %%ﬁ%}{)‘c%‘if%‘és@n%?f lﬁﬁ'lh?ﬁvel‘éeﬁﬁr%ﬁer%%%g I 3EseblisseL #nd the

secondary coil assemblies 2 may be connected togéethér in pa oreover, configuration may be
made whteld thie geivingwnyedoitiissighebhiaks taarenveemected (Y getineciipseries and the secondary coil

el RIS BRI L e e o
together ¢mpdrjed. in applications in which high voltage electrical energy is passed back and forth

between two mutually insulated circuits by configuring both the primary coil assemblies 11,

12, 13 and the secondary coil assemblies 21, 22, 23 with Y connections.

[0087] The high frequency transformer 30 is suitably employed in applications in which an

alternating current of a large current is output on the secondary coil assemblies 21, 22, 23 side

by configuring the primary coil assemblies 11, 12, 13 with a delta connection and configuring

the secondary coil assemblies 21, 22, 23 with a Y connection. Moreover, when unwanted

harmonics are contained in the high frequency current that is input on the primary side, a high

frequency current that does not contain the unwanted harmonics can be obtained from the
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[0100] 5. Fifth Exemplary Embodiment Explanation follows regarding another example of a high
frequency transformer of the present invention, wherein a primary coil assembly and a secondary coil
assembly are respectively formed from a single flat wire, and the primary coils are inserted between
the secopelaideniisiddsiltsthatagrinonigs 2ontaifrid. id8haihigh firgqueacy thagsfarmees0 of the fifth
exemplary empodiment is prqvided withBa shell-type ferrite core 4 provided with a single circular
cylinder gé%‘ﬁé@ﬁ%ﬁﬁa%o&%ﬁf ARGY ﬁ%?ﬁ)}”& |aa%%‘é%?8l§fli"£88~a secondary coil assembly 2 that
are mounned sIntaiibéigdrfira|rars 4An§fididr Bhdsshelhiypergioie Corepgptanioassipliviiin the central
core 4A and an outside core 4C positioned so as to enclose the central core 4A fr e outside
cimitarty THh (PR UG RO PSP DBRUR HE SE0BH GASTty BB mant Siih the
central corecéAfigndrpeheyisidergaidi4Ssare onfiguredisSimikarly Yo asmdeseribed adiaiiinthésecond
exemplary embodiment. [01 illystrated jn Fig. 25 to Fig. 28, rimary coil gssembly 1 and the
secondaf%cgﬁf?%{gs%?ﬁtﬁ%‘?%%lﬁzbé%é Wfébrﬁé!glf?o%%ngesﬁ%&?e clg}lﬁff%%ﬁrs %I‘é ?ée?nThe primary coil
assemblydwisrfiethhe chwiticshned mrindadyic oiks Hidhak¢h ready msreacthatasriga tiomtitoprimatgrvals such

that a windjng end portion of one olulaéd' cent primary. cojls 1A oses a winding start portion of the
other of (e At o AR oM LA e ARy iR e L RS Or PRy R Wt HES 2Lcondary
coils 2A aPfaarthatsceacttj goredediih aiddioarcoiniettials uchathairacwinding endudodtiarief lngk of
adjacent econdaré/ coil§ %Atog$otse§ 2 Wiq in sta(rit Porti(?n of the other of the adjacent secondary
coils 2A. Gﬂbﬁ}cyhélrﬁﬁrrlnar?/ con'a 1slerﬁ%rlryl/ eang(fﬁeas%cszlor?dary coil assembly 2 are combined
together EWES thad theopeinmheyhighl i du aneyinsarttedriat 3@ ersadihte nhpdcpntiarygiila@énsand the
winding start portion.of each of the respecive prmary. soils LA, ol the plimary coll assembly 1 opposes
the winding end porhon of one of adjacent secondary colls"2A ot the secondary coil assembly 2, and
the windilagzerdrportiamdhtble yrimgey looitdbhA @ppasbstbhberpndingy staitteectidnief the IathEr of the
adjacent secondary coils 2A, All of qg [ ils d the secondary, coils 2A are mpreover
artayed AL A S s S The na SR s T S L SR
configureserossihigpmiras csBith atchrdeduhat cougtofthguentsiderofthmprirmthcpiisnidy aideortions
between the primary coils 1A. The crossing wires 1B are formed so as.to straq? le t tside of the
secondal) o R R e S R e T R ST, T eondary
coil assethigly2 configtre svittos siekipwinasc2@othaitdre thalledondaty thd arstsiddiof e ZxA3ndary coils
2A at porions beteen (16 SSPORIar oIS A IA0SAAS uslrated In Glg, 22ulhe primaRucols 1A of
the primary coil assem yglf are accoroﬁngly configured in series, ahd the secon ary coils 2A of the
secondafyeqoilmysembhy thare alspwdndigutedtselies s{d4.06] As illustrated in Fig. 25 to Fig. 28,
portionsofp flat wire ing th imary: cail. assembly 1 configure lead wires 1C that lead out to the
outside t@ﬁempr%ﬁgroyurctoi@fﬁﬂ?\%@%ﬂ%@?ﬁtﬂ portion and winding end portion of the primary coill
assemblyipEhailzatbilores rtCrahe gonwsetepl ¢ bm hinglutrsgueteythansfipunsrzohihh presgréncy current

into the qu”é%cf% %iv't?%%-i Olr%]a RETE rﬂ%‘ﬁé\?{ %‘c:e%ﬂﬂér""ié‘c’sif%rsr@ei” %@g e?f%%?g][ge%g gRJl assembly 2
conflgure eada wires that lead out to the outside of the sgcondary colls 2 at the'win mé start portion

and the Vinaliedfert poign. fldighifee g sy peimanitonith ao/ioltadedzrtvaamehe sorvedpondiflg to the
ratio Oéé'?ﬁ AUMBELAf WS REALD e RIMANY§Q15and {hs sgeQndary coils is output from the lead
wires .

As illustrated in Fig. 19 to Fig. 23, a high frequency transformer 40 of the fourth exemplary
embodiment is provided with a core-type ferrite core 3 similar to that of the first exemplary
embodiment, and primary coil assemblies 1 and secondary coil assemblies 2 respectively
mounted onto 2 cores 3A.

[0091] The primary coil assemblies 1 are formed from a single flat wire as described above,
and are respectively formed with three primary coils 1A of three turns each, disposed with
uniform intervals therebetween. The three primary coils 1A are formed such that a winding
end portion of a first of mutually adjacent primary coils 1A opposes a winding start portion of
the other of the mutually adjacent primary coils 1A.

[0092] The secondary coil assemblies 2 are also formed from a single flat wire as described

above, and each of the secondary coil assemblies 2 is formed with four secondary coils 2A of
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[0108] Insulating members 7 are inserted between the primary coil assembly 1 and secondary coil
assembly 2, and the central core 4A of the shell-type ferrite core 4. The insulating members 7 are
configured by insulation tabs 7A that extend towards the outside, and an insulation tab retaining
member %Brthahgempsmwnﬁwmmnﬁab&?v%@tmebﬁwwe rvaise The sesotaiion daids 240 the

insulatin% rBe fﬁr? are ins grted between th corl d the seco daryc ils 2A, and the
insulatio Ay hRewiBdings1 R%Sﬁ‘é mwmgrﬁaesrrmoa YROLEEbhdary coils
2A and tbppmee 3Avin[fih@9iaFhsokigh ffﬁﬂueenﬁyrtﬁalﬂséoﬂmaﬁp@f ibenfifibcexémplaiysemnbodiment
moreove the shell-type ferrite core 4 as th |Iar to the hi ency transformer
20 0t e SOEHEY SXCHBRAR S0 RIdHE RHEFI, bt SAcing he TERD ST 6 b AFIEebect to the
coils in cosopatisbnisvihe lbrgﬂlérﬁqmelﬁysfttaﬂsfﬂmerafefdthemgstlexerﬁ[gam embaediment that employs
a core-ty e core a the% rrrt core, erel%ﬁ}1 é[enrn% the iron machirre cht racteristics. .
Accordingf ‘Fﬁ“&& Gfe%ffr g 6F %’fﬁh Eﬁﬁ%‘ Ey%%%%trr‘ﬁgpo]flfﬂe Bﬂﬂlg%e?ﬂglary
embodimsﬂnthlease ierﬁdsméhﬁ@nﬁaqmag@ou&&ffﬁeouqfwémglshrétaéﬂymppjr’edile applications with a
small nu urns o oils and t econdary colils, in p uIar in high frequency
verters (TG (SHOIENED B0 K3, LTI STABIR: M B TR Geag
transfornaes &@p&bﬂmly&mﬁxig@eempiarmemthmd\rﬂm}brmherprgdsltfeeqmﬁbhystﬂaamiohmﬁcsﬁdaaﬁ a
lead-free cqn 1es 2thu%}<l;evrnrq g{aorq rr(I:‘arlrvrrccg) acsarétalB harlact r Jfll In the hi Oq{'r frequency
transfornier 5 e secondary are spose Ofh efid G y ma mgartyeasy to configure
a greatemsugmbhieo? wmwmétaiwmummhetm/maﬁmcondary corl assembly 2 than the number of
e]rr 20 of %he second

turns of t im orl SS r?{. the h h fre engy transfor
exemplaﬁb%gmﬁo%rrﬁg% ghgffergggrﬁlc%/ rans O?Fncé)r ¥s aLcicg%/rnglg sur?rgb y empfoyed in
applicatioms: iatedhilaln \alfugtmuotiaaggdm fraerduhawmamemniks d)AtpLﬁs{ﬂﬂIhﬂ]yﬁ“oﬁndh fexemplary

Embodrrrsrlelzr a(I:—ZextBI&lax[ rhft%llolvvs“r/% %5dé§ge%‘vlt?eree g{,h Jle%m e rans rrsrrger |\r71]c1:£ ed in the
high frequency transtormer o {fe presentinvention wherern i arg’y assembied'and the

secondamatbhidassembhiekcdiet r‘ee]aeslmelyrdoﬂm@tlﬁmmcwsdlgietfm wﬁnvefn@rthe frémernyacyils are
inserted betlw‘f%bftlg? secon qtary COIL [g]bl As lhustr tl?dk'rrfe's:s' tho ﬁil% ina ﬁggrg ?hlase high

frequency Aranstormer 6 exem ary embo |ment a ree P ase, hree- egg errite core
5is msethédisrummnmdry coil assemblies 11, 12, 13 and secondary coil assemblies 21, 22, 23. Two

insulatin d@gﬂr s7are frttedrntoe h of the . primary coll asse mblie 2. 13 and secondary coill
assembl?es I 2%2%62% a s mﬁ%le fical pé%?trﬁo%%daqéou?%ée%x}]s of raes?sspe?:ot%{/eeS %o umnarrljcore((iecs 5A, which

is descritbegtthee suldltha} ﬂfh@nmﬁrgmatmhéoctdhﬁgtmrmg ibgpedhferritei Caveembansl thecralstitaibhips
between the three-phase feryite core 5, the rrm Il ass mblres 1 3 and t ndary coil
mesermbl S B LR I R P A e e s
illustratedsiseipiy 132 tarkigud hhetirimadimgpitas peniolies tach of 1@ andlahrye @etsohel@r}pomls
assemblr 2 SPEftive form from a single inu The mary coll
assemblres ﬁmilggfﬁcg}r)grrtg%rggﬁtheﬁﬁ osrer(r:re \2}\5 hc?ﬁlrzg par?rggfr?y coﬁaﬁ ﬁv r%te turrfrgs{ each, formed
in uniformrinteryalsisuioshatlin Mamppﬂmgf tdlsthér, ssawintiingcerd portion of one of the

adjacent pyj ry(ft%é? ﬂa%oﬁ%gfg% Ies %!:E%é‘éiaag_fsﬁp”{% R H‘%eqlﬂxe‘i{ ﬁr;rl;%?\mﬁjﬂ G RArY coils 1A,

Similarly, th econdary col are resp ctrv our secondary coils
2A of fouﬁom“rh@mnplaityrmé@bmmmaﬂﬁlmt@\ﬁalﬁl@dngltrfeﬁtqnemm ei@ipaﬁamgel&nﬂdawfuetls 2A, a
winding @55?%8{38&%8 lthe adjacent secondary coils 2A opposes a winding start portion of the

other of the ent secondary coils 2A.
0097] Similarly to the high-frequency transformer 10 of the first exemplary embodiment,

since in the high frequency transformer 40 of the fourth exemplary embodiment the pair of
primary coil assemblies 1 and the pair of secondary coil assemblies 2 are respectively formed
by winding a single continuous flat wire at a specific interval, the effort of connecting
together separately formed primary coils 1A and secondary coils 2A in order to manufacture
the primary coil assemblies 1 and the secondary coil assemblies 2 is not required. The
high-frequency transformer 40 can accordingly be manufactured more easily than a high
frequency transformer in which separately formed primary coils 1A and secondary coils 2A

are connected together to configure the primary coil assemblies 1 and the secondary coil
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[0116] The flat wire configuring the primary coil assemblies 11, 12, 13 configures crossing wires 1B
that are pulled out to the outside of the primary coils 1A at portions between the primary coils 1A. The
crossing wires 1B are formed so as to straddle the outside of the adjacent secondary coil 2A. Similarly,
the flat wikgegatiifigLIingBhe seeandaryHeelcassainiiiesnzdredver’d 60 aiig usamorog aingavikes 2B that are
pulled out to_the outside of the secondary coils 2A at portions between the secondary coils 2A. The
crossing SOFEE YR 8P formed so as to straddle the outside of the adjacent primary coil 1A. [0117] The
insulatingoegshbsiscé e dispriaed Sinilanyite dspdesetbbotiaboyeiintachibirdrey@siglary embodiment.
Moreover, as jllustrated in Fi ﬁg configuratign ma 938 ade wherejn insylation, washers 8 that are
insulation BISIGEY T A P LA LSS S A SISt S0 SFH P SO BATh A e S8y
coils 2A insigard of thadnsulatifg meadensie PRil18yAsilluskaleidcinl RigcdAparsigh B3hin the primary
coil assembhlies 11, 12, 13 the windi art portions gnd the winding e rtions of the respective
orimary SR SSRGS bt LSBT e primary
coil assetribki@isther 40Pis hdcddenglinsingtednddgsdyeir énHppdicthpyimavkicoik aggenubdlyst high
connected to the Winding start lead wire 1C of the primary coil assembly 12, the winding end lead wire
1C of the%ﬂﬁ%ﬁy &oiis slér%ttﬁ}ufz is connected to the winding start lead wire 1C of the primary coil
assembly0D39and thianvitichingiebettegn st dve afdidipymaex aaplassevhibly B hstibopriecied to the
lead wire 15: of th%Pri ary dct%” asseerI 111 A cor’g“ect'ﬁ)n gortion et\{veen th(—:-t é:)&{imar .coil assembly
13 and tﬁglpﬁsr%%nrly ol a%semBl@eﬂnlsar fhedisd o &t p lase, & connection ep?or ioh Hetween the
primary daihvassethblyribdaay doihespemidiys dodnashe rdalyntiaris @ohimaetebl s & wmphaseoaneceed
connection portion between rimary caoil assembly 12 and the primary coil assembly 13 is
oot B b e R o S d B R R R e with
delta cormseatibhead dlastoatedtinl FogeBbr [0 5tBpHowelescasnlustraidddsembliGate &gnd3edn the
secondapy cojl assemblies 20, S22 dhsuindino siart partions and.the winding end portions o the
respective econ(rilaPry Coil 28 ‘Assemplies 2122 34 Con igure lesdWires S&3 Ing out S'the outside
of the secomtatydifabse mhliesR] 222 {1R3scOmelafytheileastwirbss2@ cbencticf thyethecandary coil
assemblisee%gl, 22, 23 is bent upwards and respectively connected to a connection ring 6 that is a
circular ring sshaped conducting body. The other lead wires 2C of the respective secondary coll
assembligd @1], 22. 2 ri¢hpectivplyrydirdidordenacht phase input terminal, a V phase input terminal and a

wW phaseE'Q tt {@i? The second oil assembli 23 are ccotrdin ured with a'Y

. ar I ﬁl 2 ly confi

o SR S S
primary coileassambliesihly f@mb8yaathissobhfigutedseoh dugettal comrebtiomeansbtive sdgondary coil
assembligs, 714 £5,73 Q18 1%%5%%?%%‘%"('1“95% RYg%)aprgec%tfﬁna?rQ?V\slgPFﬁ(ﬁ ORIQuration ma é?%e dBide
wherein the primary col ssemblies , 12, are’configured with a Y connection an e secondary
coil assefabiles@dtie@ ) PRalé tohfigdikd Wigh drepltacomesiiomeob ¢orfibe fetionxeraplbe made
wherein EESbB%{Pn%ﬁé %?@5"{5&%@QV'{ﬁqsalstfei‘l?tlyé%}%?Stéhc%l%e!f%’r‘é’v"}@é&%ﬁsasﬁﬁ“g%%%%i'iarzz’ 23 are both
conflgure with either elta connection o connection.

cylinder shaped central core 4A, and a primary coil assembly 1 and a secondary coil assembly

2 that are mounted onto the central core 4A.

[0101] The shell-type ferrite core 4 can be split into the central core 4A and an outside core

4C positioned so as to enclose the central core 4A from the outside similarly to in the high

frequency transformer 20 of the second exemplary embodiment. Both the central core 4A

and the outside core 4C are configured similarly to as described above in the second

exemplary embodiment.

[0102] As illustrated in Fig. 25 to Fig. 28, the primary coil assembly 1 and the secondary

coil assembly 2 are respectively formed from a single continuous flat wire. The primary coil

assembly 1 is formed with three primary coils 1A of three turns each, formed in uniform

intervals such that a winding end portion of one of adjacent primary coils 1A opposes a

winding start portion of the other of the adjacent primary coils I1A. The secondary coil

assembly 2 is formed with four secondary coils 2A of four turns each, formed in uniform
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[0121] The high frequency transformer 60 of the sixth exemplary embodiment is suitably employed in
applications in which high voltage electrical energy is passed back and forth between two mutually
insulated circuits by configuring both the primary coil assemblies 11, 12, 13 and the secondary coll
assembli@seAlal2 guchihita Miﬁdﬁ@@ibﬁﬁn[@ﬂ&ibﬁ@eﬂﬂgﬁdéﬁq syoepdrarsity mevpposesuitably
employed in lications.in w a large. alternating current is outpuyt.on the secondary coil

s IS TESUHENS) L5 AT i A COT SECE AR a1, 12. 15 with & dela
connectipo aaf Cﬂ[ﬁigﬂﬂmgytheﬂsmeﬂfﬂihyyl coll ah?@edsﬁblli&@r?ﬂ:oﬂas%&l\hdpmaaﬁé comibaaitbn. Moreover,
when unwanted har, are.include he high frequen rrent that is input o pr| ary side,
o Pigh fr QKA B BB Go he AHE BH EE FAHIGRIEE s B s G e
secondatyestdm@mg:etihq)hﬁmmmﬁeadndﬂdﬂde@ﬁwmmtmmub@m inAtef nrerpﬁme@gul:mSemblies 11,
12, 13 that ar fl% ured w. th a. d&lta connection. £0123 f?pé igh fre%ﬁie cy tg’:\% r 60 is
suitably 3?7%8?6 5’86?%5 fond %h%ﬂ %Oﬁi]é’ﬁl\(? l?ga &ht 1§ou the secondary
coil assemhbm&%lcma%rﬁh‘lg byaadnfigwinditiyepdipatiosoif &&sp]nmdn@&ﬂ:ﬂl H&oliﬁomih}& Y
connectlon ?nflr% %&é fté? a}ﬁdar coﬂgsse blles 1,22, 2:%%nth connectlon
Moreove, 8v%%-’r$ W 4% aﬁth&S&“‘h fire F94 chrBHF%ﬁ%‘{t is input on
the primanjlsitia, eslmdeetk@dslafmpnms 2élucted dncthe i npat et cotadality tbe)seaﬂnﬂhary coil assemblies
21, 22,2 f| ured wi adel connection, the har are not mcluded in the high
froauency (L Hont taPio b Wt 1 LSBT e TNEH MaRORCE SRR fatsa
transforntlest Goeqarniléd auitalbhy empldyeflithe applioatiank |hAAdmphretmstheaizmﬁejtgajpﬁma§sanilback and

forth between two mutuall msu edc cwts at large cur and hv esb conf both
the el o R R B 3 08 SRR SPURASR AR

connectiadmchtotedle pmmerywm llmwahtaddnmmm aiee iooitigadng the dmginﬂz&gweﬂcy cu rrent
that is input o side, since therksﬁg1 onlcs included in t e|n ut circylate in th rimary coil
assembl%s ﬂnb i’?% r?a%gs’recrggsﬁﬁéé?’lr 3 cglwgec |on an s%ﬁe secbon glcr)yl/l 058( assemblies
21, 22, 2&ikal A pmtlkatkyoemﬁgut‘mdsmﬂndadﬁttaﬂso?mectlon the harmonlcs are not included in the
high freq tthat i om. the secondary side. [0125] 7. S eyent Iary
Embodln[;b(21 @%éxp%ar?lg o%jl ﬁsows tégré an exam COIP ¥[§ aFIII‘IIlngPﬂe 0 COI rsgﬁn% Teg of the present
inventionwdoedeigls @rirfignyedaih asgesmioiy aalmjsacsed@r)dran}&ibﬂ aﬁﬁwnmm:{fmmm%mbiséttmg the

primary (:0|Is betwe§nl}pe%§§(s:ondary coils, and connecting together the primary coils and the

secondary coﬁs a crgssmg wires. As illustrated in Fig. 35 and Fig. 36, a high frequency transformer 70
of the sel/&itib] exémbtatyamhbmﬂlg)e?ﬁtus i A8 epbwiitmacdhbd-fiapevier icencone the peloingeaikingle

circular Cz}/hn # srllaé%n? c;ent &er&s | C%B%b%gnm?] ?ﬁ! ﬁsg%nb}y 1 aBan %Bf%,ec%ogdlfary ﬁon assembly

2 into which 1i’lqﬁel}(’:entra A'id inderte ype ferrite core 4'is con |gured similarly
to as de%nhmgmveqnimmmmg@n@mywmbbmmmmbaﬁﬁm@kgmpIéfheelnddod|ment

0127] Th ey ool AR 5 SOUTER v bree ATIARLSAIRIA SLUER s each arrayed

in series, and the secon ary coil ass iS configure econdary coils 2A of four turns
each arr@yedhity series.

[0107] Similarly, portions of the flat wire forming the secondary coil assembly 2 configure
lead wires 2C that lead out to the outside of the secondary coils 2 at the winding start portion
and the winding end portion. High frequency current with a voltage and current
corresponding to the ratio of the number of turns between the primary coils and the secondary
coils is output from the lead wires 2C.

[0108] Insulating members 7 are inserted between the primary coil assembly 1 and
secondary coil assembly 2, and the central core 4A of the shell-type ferrite core 4. The
insulating members 7 are configured by insulation tabs 7A that extend towards the outside,
and an insulation tab retaining member 7B that retains the insulation tabs 7A at specific
intervals. The insulation tabs 7A of the insulating members 7 are inserted between the
primary coils 1A and the secondary coils 2A, and the insulation tab retaining member 7B is

inserted between the primary coils 1A and the secondary coils 2A and the core 3A.
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[0128] Start end portions and finish end portions of the flat wire configuring the primary coils IA
configure crossing wires 1B that are pulled out to the outside of the primary coils IA. Similarly, start
end portions and finish end portions of the flat wire configuring the secondary coils 2A configure
crossing [Wires| 2B bl g drpyiiect 9wl thienet B ds tictfietisegomeaiyy coibodfndhaeniigoasy coils 1A are

connected together by the crossing wires 1B, Similarly, the secondary.cqils 2A are connected together
by the.or RGeS SL- 1o A S, b 8 Gy SO AR JSHESK G RE oans for
connecting tdgkethecshe sesaphayyatigiddeinclbaebontramplg selaaingl thkazong witleisgeand bolts.
[0129] The winding.start side crossing wire 1B of the primary coil sitioned at one end of the
primaty A HSSHIN T ARETERE i G B B4y R BRATARY Sot 1n positioned at
the othereaitddihibet pitmanptoil assesblyclcoespe dity éyrtonbgynddead wiregikenSigilariyoihe winding
start side crqssing wire 2B of the secondary coil 2A positioned at one end of the. secondary coll
acsembi SIRF SARG Sna SRS CHOEUg IS 5 he SALSRRA N SASSIBed at the other
end of thessetandaryfchd fissdnelbniplaspectiveéin e figired Jedad wisces 24nt{0d3B) dNoceover, the
primary %oiJ asseg\3 I%/ 1 and.the sefontdarg cc%i{ assemblx are Pombing%%to ether suclh thgt the
primary coifsE A dre Yriddy 158 Petiess é‘%ﬁ cent 8886 d%\r§/n ilg f}&r,ngrﬁ) e V\}ilﬁlﬁfﬁfgcglrgr?lbortions of
the respehtigecpridaayyccilsii paedi¢chiapimrhasly odurasg iyttt gpode theivrindifQ lddd todrtion of one
of adjac%\r)[%fﬁcondary coils 2A of the secondary coil assembly 2, and the winding end portion of the
coi

primary A opposes the winding start portion of the other of the adjacent secondary coils 2A. All of
the primafy bojils Nldresmvbihemdedpdautiicbifh 2 @renmoreovieramade d fshas tokezoaxilrto each

other. [0131] The hi t‘hfr ency transformer 70 of the seventh.exemplar mbogiment.employs the
ettt ittt aiv bl b

exemplappednbodionentn tilerebydreereasing the ratio of the core with respect to the coils in comparison
to high fr cy transformers in which the ferrite core is a core-t ore, thereby sfrengthening the
ron mac L O LA FHERe T 8 oy ot SFR! Ry Sppied i
applicatiengswibkratsnmadkmgmberspftourosipitie prcatrynooilscand tthressetbadiatyvwaoilsy theparticular in
high frquveer}g 's%‘égﬁﬁ?e{% é%ﬁha%sre%%‘i’” (22 'ézn{rl‘%n’?je'\r"ﬁf@ué%léﬁhg-o%@hlﬁh Exm%rr‘ngé%{V Embodiment
Explanation follows regarding another éxample of a high frequency transformer of' the present
inventioryshextdin Ithleapnméio/hogll frsgaenbiytamdithrese20 d dry soibads sseniyhaay erldrodeddny. inserting
the prim oils hetween the secondary coils, and the primary coils and the secondary coils are
reapectel A o e N B BRI S
frequency lirghsfatagerh@ghdithecaighthrexensplatyuembodiment is provided with a shell-type ferrite core

4 includi ingle circular cylinder ed central core 4A, and a primary coil assembly 1 and a
secondaTlec?c%j a%ée(r%g@gg%to B\fljﬁ%rﬁgﬁgoérﬁte% core 4A is inserted. [0133] The shell-type ferrite core
4 is configupbohsimildoloesas giedoribe thalsqueisn bghdeopraexeampfarmembddieém thechipk fifth
exemplary embhadiment. [0134]. As illustrated in Fig. .Fig. 40, in the high fr ncy fransformer 80
ot the e B e B S e B R e 1A
of three tenmdapcthibasaembbnnectecspogetietr forprdiieinby srudsifgtheirs, kB dtheppestye pairs of

crossing é/& g%{%%ns%%g%nge%etﬁg%g%ﬁ&?y ggﬁgmbly 2 is configured by four secondary coils 2A of
ac '

four turns e that are connected together in parallel by crossing bars 2E at respective pairs of
crossing Wirks 2B.s illustrated in Fig. 30 to Fig. 34, in a three phase high frequency transformer 60 of

the sixth exemplary embodiment, a three phase, three-legged ferrite core 5 is inserted into
primary coil assemblies 11, 12, 13 and secondary coil assemblies 21, 22, 23.  Two insulating
members 7 are fitted into each of the primary coil assemblies 11, 12, 13 and secondary coil
assemblies 21, 22, 23 at symmetrical positions about the axis of respective columnar cores 5A,
which is described later.

[0114] The configuration of the three-legged ferrite core 5, and the relationships between the
three-phase ferrite core 5, the primary coil assemblies 11, 21, 13 and the secondary coil
assemblies 21, 22, 23 are similar to as described above in the third exemplary embodiment.
[0115] As illustrated in Fig. 30 to Fig. 34, the primary coil assemblies 11, 12, 13 and the

secondary coil assemblies 21, 22, 23 are respectively formed from a single continuous flat
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[0135] In the primary coil assembly 1, the winding start portion crossing wire 1B of a first tier primary
coil 1A and the winding end portion crossing wire 1B of a third tier primary coil |A respectively
configure lead wires 1C. Similarly, in the secondary coil assembly 2 the winding start portion crossing
wire 2B afigefirsTtiepsecandaiy 4imkliandithe widdirgepddpediomerass witie:2 Brigha-jourth tier

secondary ¢oi] 2A respectively configure lead wires 2C. [0136] The primary cqil assembly 1 and the
cecondaly Kot QLT 5 e BT (g e SRR S He TGP SE e DR er 0 of the
seventh exgmiplagyeimtiadisndiosishohaidioe fhemgacaailsibfhugrediserashpedveecwiadjagent
secondary coils 2A, apd the winding start portions of the respective. pri coils 1A of the primary coll
esem b OBSH MM LA SRR o SHa S St B R TS BP R Cocondany
coil assenséiynBlienllie yWikhdiegapecpotlp fodhtdiewitinfaty saibddasppokebAld tvindingsstachportion of
the other of th ad'actent se%ondf\r C iIﬁZA. All off{he rimary coils 1A and the .secondayy coils 2A are
moreovel iS5 4% G R ERA R AU P 6 RO IR BB g BE T Eigh frequency
transfornpert&a isfeonrfigiitechdjibehothdhel thyes s idraop paits 2Avaatifigutingpidrel @riofahy oditassembly

1 and the four secondary coils 2A configuring the secondary coil assembly 2 respectively connected
A AR e sadhe

together(i) SrAHL g q‘%(ﬁﬁ y transformer 80 is accordingly particularly suitably employed in

applicati¢gaslis] witichfiaioviry elbafiguiargeheyrramirgigbiftagerabiyscliryédf 1S ipifigntestbe iimpary side
and an even lower voltage nd%la er.current hig? frequency current is output from the secondary side.
(01381 o NiFtn E SIS RS T BABIR ShN RS S i A BB S S e of = high
frequencyriransfooitei Af thEhprasssingwerdsoBwhefermtides prstarytradilasbemithydand the secondary
coil assembly are formed by Inssrting the primanneels between e secondary Sollsy and the primary
coils and{He secongary ol aré respec |ve>(y connedtéd ogether &t crossing Wites. As illustrated in
Fig. 41 amddnidlid? 24, R Aequipaeseiranstonmeir®d 23 thet nirthudldnptaoyteadmxdidwefiths a core-type
transformer provided with a shell-t ferrite core 4 including,a.single.circular.cylinder sgaped central
core 1A B B B R o S S A 0 core 4
is insertefriddB3a] Asalstsidatiedlin dicpidd abthiquddB ctitpsecondarl Icbil assembly 2 is configured by in

e R SR Do 2
portion oéxcfopldty tertsetordary Mat@Aae spelttistedyedonfiggré JeachivinesR@. G148 iHaleever, a
primary coll sssembly.d.is confioveeg iy conaseting tagetherin parallelthree, primany.goils (A that
conflgure € primary coﬁ assem E?% W?tlh crossing Bjars ilc—_)ra{lone

between the primary coils 1A and the secondary coils 2A instead of the insulating members 7.

[0118] As illustrated in Fig. 30 to Fig. 33, in the primary coil assemblies 11, 12, 13 the

winding start portions and the winding end portions of the respective primary coil assemblies

11, 12, 13 configure lead wires 1C leading out to the outside of the primary coil assemblies 11,

12, 13. The winding end lead wire 1C of the primary coil assembly 11 is connected to the

winding start lead wire 1C of the primary coil assembly 12, the winding end lead wire 1C of

the primary coil assembly 12 is connected to the winding start lead wire 1C of the primary

coil assembly 13, and the winding end lead wire 1C of the primary coil assembly 13 is

connected to the lead wire 1C of the primary coil assembly 11. A connection portion

between the primary coil assembly 13 and the primary coil assembly 11 is connected to a u

phase, a connection portion between the primary coil assembly 11 and the primary coil

assembly 12 is connected to a v phase, and a connection portion between the primary coil

assembly 12 and the primary coil assembly 13 is connected to a w phase. The primary coil

assemblies 11, 12, 13 are accordingly configured with a delta connection, as illustrated in Fig.

35.

[0119] However, as illustrated in Fig. 30 to Fig. 33, in the secondary coil assemblies 21, 22,

23 the winding start portions and the winding end portions of the respective secondary coil
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30 and the other crossing wires 1B. The winding start portion of a first tier primary coil 1A and the
winding end portion of a third tier primary coil 1A configure lead wires 2C. [0141] In the high frequency
transformer 90, the primary coil assembly 1 and the secondary coil assembly 2 are combined together
similarly a@s'mﬁlaleehigh e easyfigansfeineieobihesevenitirexemopanieobadmeohang hel eighth
exempl h that the primary coll re| d between adjacent secondary coils
on. ana BRSIREAAG Gt oeriol ot B SR o P RO GBS el 1
oppose the wmdmgqenplmdsmm@f@peoufvagjaeeﬁéaedoadarmedﬁozﬂmgthehaemdawlaﬁﬂlﬂgsembly
2, and th Wln ortio rm oil. 1A s the windin ortion of the other of
(he aciacHPELEN ot B, AT Iy Bt A B CEE SRR oA are moreover
arrayed 3@533113(11&382(1032;@]3@6@?@110&5@60 t hlofeHasd inghetdriginfiequepbystramnaiormer 90,
conflguratlon m wherein the coils 1A are c nnect ether and the
cecondals TR SRR G BRSSO i AT B E O 5T BN Lot ife primary coils
1A in paraiterdindlin eafesiednnzbting ¢ogeéb&oﬁhessﬂa@tmﬂadylmﬂg 3A. [0143] As |IIustrated in Fig. 43,
in the hi nsfo mer 90 t ethree rlm COI| configurin sembly 1
are conmH U R B 0 SERINE iSRRG G HE S batd con
assembly R aeglasnnedigaréd seties dolyethaincthien)ighl fleguoaddransibassemdlds 2hepei@
partlcularl sun bl |n app catl ns in WhICh low.voltage, high frequenc urrent IS input into
s (R AR AR R R AR AR RS
coils. [01<kd] xxpiablationl ha3, haemegivefiaived & régaltirog eribodametits aichighafyegilency coils in
which the primar |I re jnserted between the secondar cons with both the primary coils 1A and
the secons@garr;h?:é S2A ?egge%ﬁ\fe tbuﬁﬁ(zc eg mci?et?’lgg It.%gce Ié’rb\r/wt(hn g’fhat%%nﬁrr]ins{a%r% co#s 1A and
the secomdi@ryicaiis Mmespenimeﬂymbhmebtedmpgbﬂmdrthe paratiédrandilvisbethblpadBryXails 1A
connectedt % her ﬁalle an i:onda (;[0|Is 2A Qﬁnnecte[d in series together, however the
s heiu c

er a delta 1001 Or,a.
present |nven [olg] a \Hes ﬁ requency Co S'1n whi t?‘le prlmary coils 1A are connected in

series togm &f aﬁhlethglsefmqudacy toilsf2dnare¢on lﬂm:kedhcmgeﬂmham patalien o1 £4uiGbTenth
Exemplar |men Ianatlo ol?%w%re(gardm am le of a h% %Cq{uerg:y r{ﬁ\nsformer of
It

e 1n a 1ca rlca €ncr
the presen Ention Wherein the. h| ency ansformer 1s c%hfs Dife primary coils inserted
betweenbh‘evsemmdanwualls 1ﬂselptﬁd1ammllassenﬁgmegdmﬁeﬁh®ynmaane@lbmambﬂwg tégether
plural of c0|Is and the econdar il bly is formed from a single flat wire. [0146] As
iIIustrate Sl‘i‘coni] ghs?reeltl(qj%e%c%a trg%s mg}l?c%ng% t%e >tenth exemplary embodiment is

provided (Mth?.h sh@lhggjeffeqnwa,}ommfnnmﬂilﬁg %] smiglﬂscﬁmpﬂaxycgﬂmdephhapem ocentnallcare 4A, and
e L i
em bod|nwnﬁgndn@@hﬁrfﬂnmmdryseenﬁd@rrﬂénﬂl 13 with a delta connection and configuring the
secondary coil assemblies 21, 22, 23 with a Y connection. Moreover, when unwanted
harmonics are included in the high frequency current that is input on the primary side, a high
frequency current that does not include the unwanted harmonics can be obtained from the
secondary side since the harmonics included in the input circulate in the primary coil
assemblies 11, 12, 13 that are configured with a delta connection.
[0123] The high frequency transformer 60 is suitably employed in applications in which a
high voltage alternating current is output on the secondary coil assemblies 21, 22, 23 side by
configuring the primary coil assemblies 11, 12, 13 with a Y connection and configuring the
secondary coil assemblies 21, 22, 23 with a delta connection. Moreover, even when
unwanted harmonics are included in the high frequency current that is input on the primary
side, since the harmonics included in the input circulate in the secondary coil assemblies 21,
22, 23 that are configured with a delta connection, the harmonics are not included in the high
frequency current that is output from the secondary side.

[0124] Moreover, the high frequency transformer 60 can be suitably employed in
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[0147] As illustrated in Fig. 44 to Fig. 47, in the primary coil assembly 1, three primary coils 1A of three
turns each are connected in series and arrayed in uniform intervals such that the winding end portion
of one of adjacent primary coils 1A opposes the winding start portion of the other of the adjacent
primary ci$idAiolkli4h8} Kichtb athal biadidy e sseandakyaaoifasisesbyer is fomuedisom a single flat

wire as described above, and is formed with four secondary cojls 2A of four turns each, formed in
Cmitorm ARG STER (R, BB SR e BISHSR GShaf S RUERE LA AHERBRE SN opmosss the
winding skaengisliton1ofl tha Dinelr tat tee adiaganti sesenthtias caile 2A3[0id] clhaea: piitaatiyeoil assembly
1 and the secondary coil assembly 2 are combined together .such that the primary coils 1A are inserted
b ctaon MHTSLTR EXEb AL HBRES TGS LAER DeNE b AR ORIy cors 1
of the priimguy @othapsanablysideppasetiioehavindinig éndyplediontied opatafiadjaceit segondary coils 2A of
the secondary coil assembly 2, and the winding end portjon of the primary coil 1A oppgses the winding
Stort por 5 SETEETSlTof thed AL SR LB R RPN € DR AR
secondanyseailsli2A 24re2 i Ak tve a ey kiyeldidp am fig e Coattial doleacinntbeon[AASGhimohé&priraary coil
assembly 1,.the winding start portions and the winding end portions of the primayy coils |A configure
e i e e B T RS BRI SRR ot 0 e 1
straddle {hé20(itsTdS ofdind Edjanp:lammkoiﬁm{emils 2A, and the primary coils 1A are connected in

series together at the crossing wires 1B to configure the primary coil assembl The method for in
Serics oo BRI e SR RRA SR 2 e SR B A P S scribe

above inithesaventhcexiemplanagnebddissentl j0dhkil] Winkeddry tbalsesantdayryedibassémply 2, the flat
wire confi urritn tHﬁee s?%%\rdaw c%ile Sse 1:béy ezccgggilﬂlucro Cro scig n\évci:r?f %(I)3 t , ta% e }Jlled out to the
outside 0 elsécongafry Coifs ]ﬁ\ a v|50r't1|ons etwee adljaten seconéa a6iis' oA f’oﬁﬁf‘%‘(s
illustratedarisfagd 4 tbeppdimarpitois cddsahtheiprsmary coil assembly 1 are accordingly arrayed in

series, and the secondary cqils 2A.of the secondary coil assembly 2 o arrayed in series. [0153]
no ilusr el T e HB0 D Pt e s Ry AR TS ok eary coil assemby
1, the winslimgp&ieytepdroidimeniaifipsbtistleprivitary dwill tpparfartite faewirechididing €ngdlpontéotaof a third

tier prlma?iicggrl Olélaof the threeég[{wga&y coils 1A are gulle R,u tao éhe outside of tq%gsnrqﬁrﬁ coils 1

to configﬁ e lead Wires fgl.ttla}wgqga Wites 1€ '4re ¥onnécted to'an |Ir11p3ts§8%?c%r?'hca(fllnpu s a high

frequency tuereht ¢htth¢heproheryecblssingodidbd] Similarly, the winding start portion and the winding

end porti the.flat wire, that-forms the secondary coil.assembly 2 confiqure lead wires 2C that are
i O?ﬁ:l %h?ssllaelﬁ-%y etferrlte CQIe Z? 1S org?%grel% ﬁllﬁl‘l?ari%k%(}/ as escr%%ﬁ; at mn %

llaeﬁve t ?
pulled o e outside of'the secondary colls h equency curren as a voltage and

current cenvesperding) doy thratradimen tamkthe twderk tngpprinempeditsehtand the secondary coils 2 is
assembi L e S e e R R
similarly ¢adh atve g mfsetjes oy trensfarnderofcHeseumbl e Resnplangerbbyifmente¢nsdéation tabs are
configure(% iﬂ’Eﬂ&%%&% a8 1%‘2% rciBeagr%pe%Vﬁ isne 111%3 fourth exemplary embodiment.

[0128] Start end portions and finish end portions of the flat wire configuring the primary

coils 1A configure crossing wires 1B that are pulled out to the outside of the primary coils 1A.

Similarly, start end portions and finish end portions of the flat wire configuring the secondary

coils 2A configure crossing wires 2B that are pulled out to the outside of the secondary coils

2A. The primary coils 1A are connected together by the crossing wires 1B.  Similarly, the

secondary coils 2A are connected together by the crossing wires 2B.  The means for

connecting together the primary coils 1A and the means for connecting together the secondary

coils 2A include for example soldering, brazing, welding and bolts.

[0129] The winding start side crossing wire 1B of the primary coil 1A positioned at one end

of the primary coil assembly 1 and the winding end side crossing wire 1B of the primary coil

1 A positioned at the other end of the primary coil assembly 1 respectively configure lead

wires 1C.  Similarly, the winding start side crossing wire 2B of the secondary coil 2A

positioned at one end of the secondary coil assembly 2 and the winding end side crossing wire
28



[0156] The high frequency transformer 100 of the tenth exemplary embodiment employs the shell-type
ferrite core 4 as the core similarly to the high frequency transformer 20 of the second exemplary
embodiment, thereby increasing the ratio of the core with respect to the coils in comparison to high
frequencyBransfe srisdihyduiin thpdgtiecdoratis atearenype thorectirkeby sirengibning the iron
machine characteristics,. There i§ accor gly the advantageous effect of being suitably applied in
applicatidHPHH ys?ﬂ&ﬁ%?fﬁt@@?d’ﬁﬁ? of the primary coils and the secondary coils, in particular in
high freqLEBoy inertersef] deftprtﬁgt@rbofli@skhiblmllaM-tﬁé d&mdhip tod lmgd&ﬂbeg Qeney transformer
100 the secandary coils 2A a oreover dis t both ends, thereb king it easier to set a
areater TOGEHSY GRS HER PO SRRl SEEER Lo A Ry S 345 B Rlmber of
turns of tttelﬂmmuemmlﬁdmgutaﬂmwmrbaﬂ@m@ycmb@Immayrugﬂsfneﬁquemeypﬁmﬁotmm
configured wrtl@/‘ rrmar coils |A at both ends. Ogghe high tr nsforr ? é&03 accordingly
suitably 8Miprayed iNPASpT 2?.8%%2 PaRGPLHYh %% cltd tplit. [0158] 11.
EIevenths&@nmiﬁbpﬂimb@dbnemzE)dplﬁﬁ@tMﬂglmW@mﬁgardM@preﬁmptﬁldfﬁadmgdssésermﬁency
transformer of the present invention,whe h| h frequency tr or Is.C Nnfi ured with the
prmary GO RS SR BELE e LRy N 6 SATBtoFEUN 2seriihy S AUERRBY connecting
together qlilsal mfathbtlpasrmarsydmys:mlpamuﬁi mmddhereemyadawae@d hseeaxhxlyus dacmetthdrom a single

flat wire. 1]351 |II ed |n F o Fi an igh fre penc trlansfor 110 of thfa eleventh
mﬁgr of t seven embo eln Pal
exemplary odrm |s pr Vi ell-type tefrite core” ng a srng e Circular cylinder

shaped ahauﬁltmyp&fénaada@mmmmdsaﬁﬂﬂnly mmmmm%amhaﬁsmmm dfinie which the
central core 4A |s inserted. The,shell- t}g) eerrtte core 4 | confr d srmrlar%to as seﬂbed above in

the secondC &xem efnrpy etnbo ?r(ritlerh natm Sifth exem tareyr%trln |rrerecﬁ{e[81 d]e?ﬁethe primary coil

assemblydi]ssitadoenchpartiondighdifigisienotapsfionsrofrtivehildt thvirésrthatéoens theopsitgpey coils 1A

confrgure Sro ir that are pulled oyt.to the outsid oft rimary coi bly 1. The

crossing Wiras e connectedtin parallel' Dy crossing [SAR € primary coil‘assembly 1 is thus
é%ﬁfégtg 8’6 %l 11’1 {Ee II'OI’hI’Ir lhme charac CI'1S 1 H%I'e 1S E}(/JCOI'(Iillil%%/ m b| h

confrgureldlmmaganmchffgdtdgfdthmrgrsupabdtjrlepmrecelpmmﬂrg/auorbs iﬁt&hasm:ﬂloﬁlﬂntme tfitosneach. [0161]

The wrnd[ start srccig1 rosgr&l% V\ércren arofctoh prrm }éc 4 %ﬁ\ ﬁ'ttlr n%(e:inat alt nf\r/re tier of he primary coil
assembly nd the Wwin Ing end side or ssrngwre the Amary coi 1/ osr?on d ?athrrd tier of

the pnmavgwmbﬁ@d&hltoj_l rhfﬁﬂe):trvely configure lead wires IC [0162] The secondary coil assembly

2 is confi to as desrl:r abb Ve |n the tenth exemplary embodiment. [0163] As
s Co
illustrate primary IE6its e prrmary coil assembly 1 are configured in parallel, and

the secoﬁdatmarbs Mlowmgafdmgjatgthmlms@w 2laph toqfigoegdrimsenivsr of the present
invention wherein the primary coil assembly and the secondary coil assembly are formed by
inserting the primary coils between the secondary coils, and the primary coils and the
secondary coils are respectively connected together at crossing wires.
As illustrated in Fig. 38 and Fig. 39, a high frequency transformer 80 of the eighth exemplary
embodiment is provided with a shell-type ferrite core 4 including a single circular cylinder
shaped central core 4A, and a primary coil assembly 1 and a secondary coil assembly 2 into
which the central core 4A is inserted.
[0133] The shell-type ferrite core 4 is configured similarly to as described above in the
second exemplary embodiment and the fifth exemplary embodiment.
[0134] As illustrated in Fig. 38 to Fig. 40, in the high frequency transformer 80 of the eighth
exemplary embodiment, a primary coil assembly 1 is configured by three primary coils 1A of
three turns each that are connected together in parallel by crossing bars 1E at respective pairs
of crossing wires 1B.  Similarly, a secondary coil assembly 2 is configured by four
secondary coils 2A of four turns each that are connected together in parallel by crossing bars
2E at respective pairs of crossing wires 2B.

[0135] In the primary coil assembly 1, the winding start portion crossing wire 1B of a first
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[0164] The primary coil assembly 1 and the secondary coil assembly 2 are combined together similarly
to as described above in the tenth exemplary embodiment. [0165] In the high frequency transformer

110 it is easier to set a greater number of turns of the flat wire of the overall secondary coil assembly 2
than the ﬁempbiemizwns Afatlhtetﬂawirﬁlfg‘ the pM@f@il cpfjsoﬁrg\eﬁ"é aBsemthrli thapithaiigbifrequency

transfor er con dwrt the ar ends Since co re connected
together TEVEET e FHGH e O Srorm P e Ao O L T GBS
applicatr@nadmg/hmh Iaohrgh fﬁ@@ﬂﬁg@ylﬂ—lﬂﬁﬂf eff&dar’ge %Udi&ﬁir}sompa%amﬂ ahhrghnvloht@gedhigh
frequency current is outpu eIfth Exe odiment atlon follows regarding
i xRSeI G YA TR OGP G B lEOHARRS ol are
inserted between the primary corls the primary coil assembly IS formed from a srngle flat wire, and the
seconda a mb is forn] onnecti seco ycorlsr arallel. [0167] As
ustratol i Elo. B & EA R L ST AL A oo L R R ry embodiment
is provrde@gwltbralﬁheiﬂgynetferh@cmq%ﬁogl udi{@oarﬁmg'le ef mlacverylmdaecrﬁhlapﬁdmrﬁiemre 4A,
and aprlmalréy o%assembl 2 gé/g second con asse %glnto hich the g ntra ore 4Ais
inserted. ' ]§ﬁ P%én%%r edrd £1§ b%sﬁ gure kSiiE 9 gedgg fised ot i theSsecond
exempIary1ﬁaamkg)qumraonisthﬁﬁétremm1aéqmmmbod1mentoﬂGhG&}rfﬁm;pcmargsmngslsembly lis

conflgured Slml|ﬁlll‘|y des rlbed ab% e |n efrrst Xem%“af}% P(ﬁd mﬁ 0169 In the secondary
[ ha

coil assePBIY2, tart enldgp ISR QAS HiRRSH ?)Coer 10118 0 t wireS cedr?flgﬁ%%ﬂe secondary

coils 2A amhgmlgemmmsthgmmdmg&mpbarenmﬂl&d ptittaryhe d utsidppdskee throssiniing kst 2B are

connected in parallel by cr ars 2E. The,seco corl sembly 2 is thu d by
onnecig e e S R S A ot A e G e s A e
winding stadslaley crobshAgandna @GBoottherseabsaasyacbe Mma)]sm@add @hexfirst tier of the secondary
coil as'set;qP#fs%SI %tlygn |r%1gl;rend4§1 % ro%sp wire 2 he se r}glgo%écorl 2 \{;)oﬁlblo%ed at a

third tier econ ary coil'assem respecti 76 ycgonaflgure ead wires
the three primary coils 1A conﬁgurlng the primary coil assembly 1 and the four secondary

coils 2A configuring the secondary coil assembly 2 respectively connected together in parallel.
The high frequency transformer 80 is accordingly particularly suitably employed in
applications in which a low voltage, large current high frequency current is input into the
primary side and an even lower voltage and larger current high frequency current is output
from the secondary side.

[0138] 9. Ninth Exemplary Embodiment

Explanation follows regarding yet another example of a high frequency transformer of the
present invention wherein the primary coil assembly and the secondary coil assembly are
formed by inserting the primary coils between the secondary coils, and the primary coils and
the secondary coils are respectively connected together at crossing wires.

As illustrated in Fig. 41 and Fig. 42, a high frequency transformer 90 of the ninth exemplary
embodiment is a core-type transformer provided with a shell-type ferrite core 4 including a
single circular cylinder shaped central core 4A, and a primary coil assembly 1 and a
secondary coil assembly 2 into which the central core 4A is inserted.

[0139] As illustrated in Fig. 41 to Fig. 43, the secondary coil assembly 2 is configured by in
series connecting together four secondary coils 2A that configure the secondary coil assembly
2 with crossing wires 2B.  The winding start portion of a first tier secondary coil 2A and the
winding end portion of a fourth tier secondary coil 2A respectively configure lead wires 2C.
[0140] However, a primary coil assembly 1 is configured by connecting together in parallel

three primary coils 1A that configure the primary coil assembly 1 with crossing bars 1E at one
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[0171] As illustrated in Fig. 57, the primary coils 1A of the primary coil assembly 1 are configured in
series, and the secondary coils 2A of the secondary coil assembly 2 are configured in parallel. [0172]
The primary coil assembly 1 and the secondary coil assembly 2 are combined together similarly to as

describedndfve ihcihadsitiy xampRry Thteditiesstiodysliohe higirdreguernayatiansiornend 20 has
a coupling rate of close to 100% due tq configuring the primary coils 1 at both ends, similarly to in the
nigh frea ISy A5 S RETOBrGha HHE SSE AR SNSRI SES T exemplary
embodinjent.1[01i#4hP bz hofesqpnyingatiicoshel 2ppehéasritac o asdhbigorendithiadydaddie high
frequency transformer of the second exemplary.embodiment, the ratio of the core with respect to the
ot 1 AR e rel SRR TR eSO e e R Bl ey
transformeveh2l éscraplargt aglyostintahtya adnjtoyied tin eeplitatip asbatineesmalkhuhabdreqfrittans of the
primary coil d the secondary coils, in particular in high frequency inverters (in the region of 50 kHz
o 1 MBI OISR PR ED VARG RS BHARAS Ui AsCamn Y HOHE A g e Hoous fat
wire wouthd aispespecificimniey¢al]ile\effolic gf many tadtusswgntble praparye chd adséimbénd by connecting
separately formed primary, coils 1A is not required, h that the primary coil embly 1 is easily
T PR U A S DR e CEP Bz TS v
connecteslitdgetadipopacal kef tiik etigir §regijl é Acypipasnsi dineintiZipi ststipaibiio e mipliay ethén applications

in which g large cirent s autout, 35, Explangtign of the Reterence Nyteerals 17 Sl psinaty cof
assembly imary’ coils 1Bcrossing wires

moreover arrayed so as to be coaxial to each other.

[0142] Note that in the high frequency transformer 90, configuration may be made wherein
the primary coils 1A are connected in series together and the secondary coils 2A are
connected together in parallel instead of connecting together the primary coils 1A in parallel
and in series connecting together the secondary coils 2A.

[0143] As illustrated in Fig. 43, in the high frequency transformer 90 the three primary coils
1 A configuring the primary coil assembly 1 are connected together in parallel, and the four
secondary coils 2A configuring the secondary coil assembly 2 are connected in series together.
The high frequency transformer 90 is therefore particularly suitably employed in applications
in which a low voltage high frequency current is input into the primary coil assembly 1 and a
high voltage high frequency current is output from the secondary coils.

[0144] Explanation has been given above regarding embodiments of high frequency coils in
which the primary coils are inserted between the secondary coils, with both the primary coils
1A and the secondary coils 2A respectively connected in series together, with both the
primary coils 1A and the secondary coils 2A respectively connected together in parallel, and
with the primary coils 1A connected together in parallel and the secondary coils 2A connected
in series together, however the present invention also includes high frequency coils in which
the primary coils 1A are connected in series together and the secondary coils 2A are
connected together in parallel.

[0145] 10. Tenth Exemplary Embodiment

Explanation follows regarding an example of a high frequency transformer of the present
invention wherein the high frequency transformer is configured with primary coils inserted
between the secondary coils, the primary coil assembly is formed by in series connecting
together plural of the primary coils, and the secondary coil assembly is formed from a single

flat wire.
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[0146] As illustrated in Fig. 44 to Fig. 47, a high frequency transformer 100 of the tenth
exemplary embodiment is provided with a shell-type ferrite core 4 including a single circular
cylinder shaped central core 4A, and a primary coil assembly 1 and a secondary coil assembly
2 into which the central core 4A is inserted. The shell-type ferrite core 4 is configured
similarly to as described above in the second exemplary embodiment and the fifth exemplary
embodiment.
[0147] As illustrated in Fig. 44 to Fig. 47, in the primary coil assembly 1, three primary coils
1A of three turns each are connected in series and arrayed in uniform intervals such that the
winding end portion of one of adjacent primary coils 1A opposes the winding start portion of
the other of the adjacent primary coils 1A.
[0148] On the other hand, the secondary coil assembly 2 is formed from a single flat wire as
described above, and is formed with four secondary coils 2A of four turns each, formed in
uniform intervals such that the winding end portion of one of adjacent secondary coils 2A
opposes the winding start portion of the other of the adjacent secondary coils 2A.
[0149] The primary coil assembly 1 and the secondary coil assembly 2 are combined
together such that the primary coils 1A are inserted between adjacent secondary coils 2A, and
the winding start portions of the respective primary coils 1A of the primary coil assembly 1
oppose the winding end portion of one of adjacent secondary coils 2A of the secondary coil
assembly 2, and the winding end portion of the primary coil 1A opposes the winding start
portion of the other of the adjacent secondary coils 2A. All of the primary coils 1A and the
secondary coils 2A are moreover arrayed so as to be coaxial to each other.
[0150] In the primary coil assembly 1, the winding start portions and the winding end
portions of the primary coils 1A configure crossing wires 1B that are pulled out to the outside.
The crossing wires 1B are formed so as to straddle the outside of the adjacent secondary coils
2A, and the primary coils 1A are connected in series together at the crossing wires 1B to
configure the primary coil assembly 1. The method for in series connecting together the
primary coils 1A at the crossing wires 1B is similar to as described above in the seventh
exemplary embodiment.
[0151] While, in the secondary coil assembly 2, the flat wire configuring the secondary coil
assembly 2 configures crossing wires 2B that are pulled out to the outside of the secondary
coils 2A at portions between adjacent secondary coils 2A.
[0152] As illustrated in Fig. 47, the primary coils 1A of the primary coil assembly 1 are
accordingly arrayed in series, and the secondary coils 2A of the secondary coil assembly 2 are
also arrayed in series.

[0153] As illustrated in Fig. 44 to Fig. 46, out of the three primary coils 1A that form the
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primary coil assembly 1, the winding start portion of a first tier primary coil 1A and the flat
wire winding end portion of a third tier primary coil 1A out of the three primary coils 1A are
pulled out to the outside of the primary coils 1 to configure lead wires 1C. The lead wires
1C are connected to an input source that inputs a high frequency current into the primary coils
1.
[0154] Similarly, the winding start portion and the winding end portion of the flat wire that
forms the secondary coil assembly 2 configure lead wires 2C that are pulled out to the outside
of the secondary coils 2. A high frequency current that has a voltage and current
corresponding to the ratio of turns between the primary coils 1 and the secondary coils 2 is
output from the lead wires 2C.
[0155] Insulating members 7 are inserted between the primary coil assembly 1, the
secondary coil assembly 2 and the central core 4A of the shell-type ferrite core 4 similarly to
in the high frequency transformer of the fourth exemplary embodiment. Insulation tabs are
configured similarly to as described above in the fourth exemplary embodiment.
[0156] The high frequency transformer 100 of the tenth exemplary embodiment employs the
shell-type ferrite core 4 as the core similarly to the high frequency transformer 20 of the
second exemplary embodiment, thereby increasing the ratio of the core with respect to the
coils in comparison to high frequency transformers in which the ferrite core is a core-type
core, thereby strengthening the iron machine characteristics. There is accordingly the
advantageous effect of being suitably applied in applications with a small number of turns of
the primary coils and the secondary coils, in particular in high frequency inverters (in the
region of 50 kHz to 1 MHz).
[0157] In the high frequency transformer 100 the secondary coils 2A are moreover disposed
at both ends, thereby making it easier to set a greater number of turns of the flat wire of the
overall secondary coil assembly 2 than the number of turns of the flat wire of the overall
primary coil assembly 1 than in a high frequency transformer configured with the primary
coils 1A at both ends. The high frequency transformer 100 is accordingly suitably employed
in applications in which a high voltage high frequency current is output.
[0158] 11. Eleventh Exemplary Embodiment
Explanation follows regarding an example of a high frequency transformer of the present
invention wherein the high frequency transformer is configured with the primary coils
inserted between the secondary coils, the primary coil assembly is formed by connecting
together plural of the primary coils in parallel, and the secondary coil assembly is formed
from a single flat wire.
[0159] As illustrated in Fig. 48 to Fig. 51, a high frequency transformer 110 of the eleventh
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exemplary embodiment is provided with a shell-type ferrite core 4 including a single circular

cylinder shaped central core 4A, and a primary coil assembly 1 and a secondary coil assembly
2 into which the central core 4A is inserted. The shell-type ferrite core 4 is configured
similarly to as described above in the second exemplary embodiment and the fifth exemplary
embodiment.

[0160] In the primary coil assembly 1, start end portions and finish end portions of the flat
wires that form the primary coils 1A configure crossing wires 1B that are pulled out to the
outside of the primary coil assembly 1. The crossing wires 1B are connected in parallel by
crossing bars 1E.  The primary coil assembly 1 is thus configured by connecting together in
parallel three primary coils 1A that are of three turns each.

[0161] The winding start side crossing wire 1B of the primary coil 1A positioned at a first
tier of the primary coil assembly 1 and the winding end side crossing wire 1B of the primary
coil 1A positioned at a third tier of the primary coil assembly 1 respectively configure lead
wires 1C.

[0162] The secondary coil assembly 2 is configured similarly to as described above in the
tenth exemplary embodiment.

[0163] As illustrated in Fig. 52, the primary coils 1A of the primary coil assembly 1 are
configured in parallel, and the secondary coils 2A of the secondary coil assembly 2 are
configured in series.

[0164] The primary coil assembly 1 and the secondary coil assembly 2 are combined
together similarly to as described above in the tenth exemplary embodiment.

[0165] In the high frequency transformer 110 it is easier to set a greater number of turns of
the flat wire of the overall secondary coil assembly 2 than the number of turns of the flat wire
of the overall primary coil assembly 1 than in a high frequency transformer configured with
the primary coils 1A at both ends. Since the primary coils 1A are connected together in
parallel, the high frequency transformer 110 is accordingly suitably employed in applications
in which a high frequency current of a large current is input and a high voltage high frequency
current is output.

[0166] 12. Twelfth Exemplary Embodiment

Explanation follows regarding an example of a high frequency transformer of the present
invention wherein the secondary coils are inserted between the primary coils, the primary coil
assembly is formed from a single flat wire, and the secondary coil assembly is formed by
connecting together plural secondary coils in parallel.

[0167] As illustrated in Fig. 53 to Fig. 56, a high frequency transformer 120 of the twelfth

exemplary embodiment is provided with a shell-type ferrite core 4 including a single circular
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cylinder shaped central core 4A, and a primary coil assembly 1 and a secondary coil assembly

2 into which the central core 4A is inserted. The shell-type ferrite core 4 is configured
similarly to as described above in the second exemplary embodiment and the fifth exemplary
embodiment.

[0168] The primary coil assembly 1 is configured similarly to as described above in the first
exemplary embodiment.

[0169] In the secondary coil assembly 2, start end portions and finish end portions of the flat
wires that configure the secondary coils 2A configure crossing wires 2B that are pulled out to
the outside. The crossing wires 2B are connected in parallel by crossing bars 2E.  The
secondary coil assembly 2 is thus configured by connecting together in parallel three
secondary coils 2A that are of three turns each.

[0170] The winding start side crossing wire 2B of the secondary coil 2A positioned at a first
tier of the secondary coil assembly 2 and the winding end side crossing wire 2B of the
secondary coil 2A positioned at a third tier of the secondary coil assembly 2 respectively
configure lead wires 2C.

[0171] As illustrated in Fig. 57, the primary coils 1A of the primary coil assembly 1 are
configured in series, and the secondary coils 2A of the secondary coil assembly 2 are
configured in parallel.

[0172] The primary coil assembly 1 and the secondary coil assembly 2 are combined
together similarly to as described above in the tenth exemplary embodiment.

[0173] The high frequency transformer 120 has a coupling rate of close to 100% due to
configuring the primary coils 1 at both ends, similarly to in the high frequency transformers of
the first exemplary embodiment and the second exemplary embodiment.

[0174] Due to employing the shell-type ferrite core 4 as the core, similarly to the high
frequency transformer of the second exemplary embodiment, the ratio of the core with respect
to the coils is increased, thereby strengthening the iron machine characteristics. The high
frequency transformer 120 is accordingly suitably employed in applications with a small
number of turns of the primary coils and the secondary coils, in particular in high frequency
inverters (in the region of 50 kHz to 1 MHz).

[0175] Moreover, due to forming the primary coil assembly 1 from a single continuous flat
wire wound at a specific interval, the effort of manufacturing the primary coil assembly 1 by
connecting separately formed primary coils 1A is not required, such that the primary coil
assembly 1 is easily manufactured. Moreover, since the secondary coils 2A of the secondary
coil assembly 2 are connected together in parallel, the high frequency transformer 120 is

suitably employed in applications in which a large current is output.
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CLAIMS 1. A high frequency transformer comprising: a first coil assembly formed from a single flat
wire, with a plurality of first coils that are respectively configured by winding the flat wire edgewise a
plurality of times and are formed at specific intervals such that a winding end portion of one of adjacent
first coilspxppasea wWindiRg ieddpaviaeefishe other of the adjacent first coils; and a second coil
assemblx fﬁ,@e from a single flat.i/vire, ith a plurality of second coils that are respectively configured
by winding the fidt wire SfBREEU %f times and are formed at specific intervals such that a
winding ard portjginefroreinf adjacent second coils opposes a winding start portion of the other of the
adjacent second coils; with the first coil assembly and the second coil assembly disposed such that
the secorlus§ coils A8 HEE G between adjacent first coils such that a winding start portion of each of
the second coils ienth@isecond coil assembly opposes a winding end portion of one of adjacent first
coils in t@first coll assemblé/, and a winding end portion of each of the second coils opposes a
winding start porﬁré)r?sél?‘%h 'Sther of the adjacent first coils. 2. A high frequency transformer comprising:
a first coil Bssemalysimeusting a plurality of first coils that are respectively configured by winding a flat
wire edgewise agolurag(%; of tiines W[th the first coils disposed at specific intervals such that a winding
end portion of one Of'; | centt é‘tn(l, it opposes a winding start portion of the other of the adjacent
first coils2and  se@séagnebidoil assembly including a plurality of second coils that are respectively
configure2 by winding a flat wire edgewise a plurality of times, with the second coils disposed at
specific in ervalsEe nﬁléﬁlfa\e%vinding end portion of one of adjacent second coils opposes a winding
start port2dh of tHeadtheresf the adjacent second coils; wherein

2D crossing wire

2E crossing bars

3 core-type ferrite core
3A core

4 shell-type ferrite core
4A central core

5 three-legged ferrite core
5A columnar cores

5B top plate
5C bottom plate

7 insulating member

TA insulation tabs

7B insulation tab retaining members
10 high-frequency transformer

11 primary coil assembly

12 primary coil assembly

13 primary coil assembly

20 high frequency transformer

21 secondary coil assembly

22 secondary coil assembly

23 secondary coil assembly

30 three phase high frequency transformer
40 high frequency transformer

50 high frequency transformer
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one of the first coil assembly and the second coil assembly is formed from a single flat wire, the
other of the first coil assembly and the second coil assembly is formed by connecting together in series
or in parallel a plurality of coils that are respectively configured by winding a flat wire edgewise a
plurality ebtimes tiihe iigiseail @sgeqiklcanchibaaeond coil assembly are disposed such that the
second cgils are inserted between adjacent of the first coils such that a winding start portion of each of
the secof coils Tthé SBESSY BBRSLYMBHbly opposes a winding end portion of one of adjacent first
coils in tI8® first chifhsaepnlyy andsfottraing end portion of 38 each of the second coils opposes a
Winding(?tglrt porgon |$f the other ofgthe adjacent first coils. 3. The high frequency transformer of either
claim 1 ot claim 1% Lraiisney WIS L oils are primary coils and the second coils are secondary
coils, and @be firdiighifi@gaenaplyraadqprimmary coil assembly and the second coil assembly is a
secondarly oil aﬁgsqergblég4. The high frequency transformer of either claim 1 or claim 2, wherein:

the first coils are S8¢0ht ﬁy%ﬁ]éalé d1h&" second coils are primary coils, and the first coil assembly is a
secondanmp@oil assgntbdyandtheuseoandrcoil assembly is a primary coil assembly.

37



5. A high frequency transformer comprising: a plurality of primary coils formed by winding a flat
wire edgewise a plurality of times, and a plurality of secondary coils formed by winding a flat wire
edgewise a plurality of times; wherein the secondary coils are disposed at mutual intervals such
that a windingM8d portion of one of the secondary coils and a winding start portion of another of the
secondary coils that is adjacent to the one secondary coil oppose each other, and one individual of the
primary coils is disposed inside each of the respective intervals such that a winding start portion of
each of the phimigtyfeajlsappasesfaendingeidhportion of the one secondary coil, and a winding end

tion of th tart, f the oth d il, and
Prmary coil assehEy (O LONTROPLE By EShBGtng B g haRcSTAh SRR 6P Ea e
outside @frﬁ}eﬁeeﬁnd&ryo@ﬁi@&m&mmﬁdmahb dtrosséhel gactadariucdils, ghthaeseedacary coil
bl d t th IS i llel tth utside of th
rimary COTE DA U AU AL LSRR iR CoAcd BOTAE RigHrCyHeS b SHRer of ciaim 3
wherein mmwlmlmem thdomembmheea,@mmﬁmumhieraﬂdhe secondary coils is three

or more. 7. The high frequ sfarmer.of either.cl 4or claim_ 5, wher |nt number of the
ey coils & TR e e b B S S P Bl e g
freq uencg/oﬁﬂalﬂ&fommees;feanyedmemﬁ‘gmad Bytm@lﬁimglhwﬂermmaedlgﬁuie&m@la@alme@ﬁhmds inserted

ciaim 2 16 KA B FLAT R it OAr8 S unu T Bl Bol B B hdd (et
configuringitheppesendarin doig asse pubtioditfethis ath@adhlathdjatenvistibond toidkness, or in both width
and thickness. with the first coil assembly and the second coil assembly disposed such that
the second coils are inserted between adjacent first coils such that a winding start
portion of each of the second coils in the second coil assembly opposes a winding end portion
of one of adjacent first coils in the first coil assembly, and a winding end portion of each of

the second coils opposes a winding start portion of the other of the adjacent first coils.

2. Ahigh frequency transformer comprising:

a first coil assembly including a plurality of first coils that are respectively
configured by winding a flat wire edgewise a plurality of times, with the first coils disposed at
specific intervals such that a winding end portion of one of adjacent first coils opposes a
winding start portion of the other of the adjacent first coils; and

a second coil assembly including a plurality of second coils that are respectively
configured by winding a flat wire edgewise a plurality of times, with the second coils
disposed at specific intervals such that a winding end portion of one of adjacent second coils
opposes a winding start portion of the other of the adjacent second coils; wherein

one of the first coil assembly and the second coil assembly is formed from a single
flat wire,

the other of the first coil assembly and the second coil assembly is formed by
connecting together in series or in parallel a plurality of coils that are respectively configured
by winding a flat wire edgewise a plurality of times,

the first coil assembly and the second coil assembly are disposed such that

the second coils are inserted between adjacent of the first coils such that a winding
start portion of each of the second coils in the second coil assembly opposes a winding end

portion of one of adjacent first coils in the first coil assembly, and a winding end portion of
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10. The high frequency transformer of any one of claim 2 to claim 9, wherein a ferrite core is inserted
through the primary coil assembly and the secondary coil assembly. 11. The high frequency
transformer of claim 10, wherein the ferrite core is a shell-type core. 12. The high frequency

transforneectob£iainretonwbeileispis de b e ming isaat ¢uitidiRe trrethddefThe Righdneguaneyls.
transformer of claim 12, wherein primary coil assemblies that are respectively mounted on a pair of
central cores of the core-type core and secondary coil assemblies that are respectively mounted on
the pair of ceTlieshipbrés@rentgspaciivaheconsrbtedlinmdriascldidh J Rehbigh frequency transformer of

claim 12, wherein at Jeast gne of primary coil assemblies respectively mounted on a pajr of central
Cores of the corel g atalo HEo G Lo e D Bt OGS G GH i Bcentral
cores are@ibaseaibtyiis paiathaky tbil heeihigh Hiedtheney drrRinsfimsendany one@fdaairod to claim 9,
further com%ré?lng: three each of the primary coil assemblies and the secondary coil assemblies;

three coltiAr cores that are formed from ferrite and are disposed at even intervals around the
circumference of a circle; a top plate that is formed from ferrite and is coupled to one end of each

of the columnar cores; and a battom plate that js.formed from ferrite and is coupled to the other
end of e éttjbh @%ﬁ;@% it’a%s?cgo‘[feag;s%gﬁgsg%?elther claim | of c{alm 2, wherein:
the first coils are secondary coils and the second coils are primary coils, and the first
coil assembly is a secondary coil assembly and the second coil assembly is a primary coil

assembly.

5. Ahigh frequency transformer comprising:

a plurality of primary coils formed by winding a flat wire edgewise a plurality of
times, and a plurality of secondary coils formed by winding a flat wire edgewise a plurality of
times; wherein

the secondary coils are disposed at mutual intervals such that a winding end portion
of one of the secondary coils and a winding start portion of another of the secondary coils that
is adjacent to the one secondary coil oppose each other, and one individual of the primary
coils is disposed inside each of the respective intervals such that a winding start portion of
each of the primary coils opposes a winding end portion of the one secondary coil, and a
winding end portion of the primary coil opposes a winding start portion of the other
secondary coil, and

a primary coil assembly is configured by connecting the primary coils in series or in
parallel at the outside of the secondary coils so as to connect across the secondary coils, and a
secondary coil assembly is configured by connecting the secondary coils in series or in

parallel at the outside of the primary coils so as to connect across the primary coils.

6. The high frequency transformer of claim 3, wherein the number of the primary coils is

four or more, and the number of the secondary coils is three or more.

7. The high frequency transformer of either claim 4 or claim 5, wherein the number of the

secondary coils is four or more, and the number of the primary coils is three or more.

8. The high frequency transformer of any one of claim 2 to claim 7, wherein an insulating
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the three columnar cores are respectively inserted into each of the primary coil assemblies and each
of the secondary coil assemblies, and the primary coil assemblies and the secondary coill
assemblies are respectively configured with a Y connection, or with a delta connection.

member is inserted between the primary coils and the secondary coils.

9. The high frequency transformer of any one of claim 2 to claim 8, wherein the flat wire
configuring the primary coil assembly and the flat wire configuring the secondary coil

assembly differ from each other in width, in thickness, or in both width and thickness.

10. The high frequency transformer of any one of claim 2 to claim 9, wherein a ferrite core

is inserted through the primary coil assembly and the secondary coil assembly.

11. The high frequency transformer of claim 10, wherein the ferrite core is a shell-type core.

12. The high frequency transformer of claim 10, wherein the ferrite core is a core-type core.

13. The high frequency transformer of claim 12, wherein primary coil assemblies that are
respectively mounted on a pair of central cores of the core-type core and secondary coil
assemblies that are respectively mounted on the pair of central cores are respectively

connected in series.

14. The high frequency transformer of claim 12, wherein at least one of primary coil
assemblies respectively mounted on a pair of central cores of the core-type core or secondary

coil assemblies respectively mounted on the pair of central cores are connected in parallel.

15. The high frequency transformer of any one of claim 2 to claim 9, further comprising:

three each of the primary coil assemblies and the secondary coil assemblies;

three columnar cores that are formed from ferrite and are disposed at even intervals
around the circumference of a circle;

a top plate that is formed from ferrite and is coupled to one end of each of the
columnar cores; and

a bottom plate that is formed from ferrite and is coupled to the other end of each of
the columnar cores; wherein

the three columnar cores are respectively inserted into each of the primary coil
assemblies and each of the secondary coil assemblies, and

the primary coil assemblies and the secondary coil assemblies are respectively

configured with a 'Y connection, or with a delta connection.
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