SPECI FI CATI ON

|. TITLE OF THE | NVENTI ON Power Supply Unit  I1.

FI ELD OF THE | NVENTI ON The present invention relates to a non-contact

type power
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supply unit for use in small portable equi pnent such as cordl ess

t el ephones,

portabl e tel ephones, PHS phones, video caneras, personal

conputers and the I|ike. [ 11. BACKGROUND COF THE | NVENTI ON A
nen-contact type power supply unit is characterized by transferring
el ectric power MO#8¥8pri nary side to a secondary si de, PGRAPISHIIEE t he
primary side circuit and secondary side circuit are packaged in
séparate enclosures that are conpl etely i ndependent from each ot her,
it is very inportant
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to establish magnetic coupling between a primary transforner and a
secondary transforner of the non-contact type power supply unit for
efficient transfer of electric power. In order to achieve an

i fprovenent in the nagnetic coupling, use of E-E cores is considered

ef fecti ve.

O96R88%W ‘it has been a usual practice to make PRETBIHNIPNg

area between the primary coil and the secondary coil of the
transforners as |l arge as possible for better magnetic coupling. An
expl anation will be given to prior art technologies in
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the followwng wth reference to Fig. 8 to Fig. 10. Fig. 8 shows a
structure wherein E type cores are used as a primary core 1 and also a
secondary core 5. A primary coil 2 is placed in the slot of the primary
core 1 (E type core), thereby formng.a primary transformer 4. Also, a
secondary coi | %@ Baced in the slot of the PCT/JP96/01353
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secondary core 5 (E type core), thereby form ng a secondary transforner 8.
Ref erence nunerals 3 and 7 indicate a primary bobbin and a secondary

bobbi n, respectively. Next, how the foregoing structure works will be
expl ai ned. Wen high frequency currents flowin the primary coil ‘2 forned
of wi ndi ngs woW%¥f RBentrically, magnetic fluxes are produd®FAER6izes
primary coil 2 and primary core 1. The foregoing nagnetic fluxes are
propagated to the second-
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ary core 5 and secondary coil 6 and converted to electric power, which is

then supplied to | oad. Fig. 9 shows a structure wherein the opposing area
between the primary coil 2 and the secondary coil 6 is nade large in
order to intensify the nmagnetic coupling between w nd- ings. Al so, in

order to incrcW996BE8 f or egoi Nng magnetic coupling, an arran@GEENIAS3pde
to di spose the secondary coil 6 and the primary coil 2 concentrically as
shomm in Fig. 10(a).
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Further, there has been provided a structure, wherein a nechanical swtch
8a and a magnetic switch 9a are used together in order to enable the
primary coil to tell whether ' 2
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what receives electric power fromthe primary coil is the secondary coi
or sone other foreign objects and also to reduce a supply of electric
power to the foreign objects, thereby preventing an abnornal heating of

the foreign
tor '10a insta

switch 9a,

Iv¢ects from taking place, and when a nmagnetic field genera-
QWIBMWBa secondary enclosure 5a comes cl ose t oPEFHEINYIRet i C

the magnetic switch 9a is turned on and even when the nechani cal

switch 8a installed on a pri- mary enclosure 4a is turned on by an object
ot her than the secondary enclosure 5a, an arrangenent is made so that
el ectric power is not applied to the primary coil, as shown

10

15

- 2

FORLERBOBOERA LR T bOTHY . S6M@E
2XMWEFAO0OODBERTHAE, 2R3IT4L4L1ELTRFEDT
ﬂ=7%mu;%oTﬂ:7o%EpHﬁm2&=4w42%
EELTRRERLTWVS,

Kb, BOEOEIKNEALBE2RMEKA 0D EH S
EEREEOERTH3 5y 20K ERTHD., 1XKa4rvd4
FEAREREABR S I RN EEKL3R2KXKAEHEL 0K
M- TREERMT Z, cots, BAEBRHBEE L X -
TVwabdic 1RBEGELISIrO R, BHEABRERKE S h
3. ERABLLEDI DR, 1 XMEHELSroRBEhH
PHMELR B IE, L 2XMELKL4 0 LDSCOBBER
SHBEXRIBZIN, 1ZX2731k1IBa7, 2AEHK4 00
2 aTA4IEEXOTRaTZEVWT, 1RXWEZK4L3IMD
BB sh3aRmER DY, 2KaT74102EHCRIBRE
T3tk &D. ERENXBOTHEL, 2RMEHKLOON
M2 TRLETEZLDTH 3B,

CIT.2KRATA41ELTRAVIETOMBENTHT
2a37O0FRR. LEAAR, “AR, ARSI VESAN
DVWFTFHTHLEIVWLDTE S,

(KM 6 )

BTRHR2KXIANV452ARERK L6 THRL L EHH
B DPIMOKEOERERT L OTHY ., ARDHUERIK
4602 RL. OREHEHZ. dRAAALERLTY S,

ARk 2. DRMEBRAIBORLBRRALHELI A L
Ry —v4THBY . ANRACTELEOE NS -V 4Tk



in Fig. 10(b).

However, with the structure of Fig. 8, wherein open

magnetic circuits are fornmed, the magnetic fluxes fromthe mddle leg 9 of
the primary core 1 (E type core) are returned to the outer |legs 10 by short
circuiting, thus resulting in a reduction of magnetic fluxes that are

propagated to

MW968888ndary side and ending up with a poor efpcrirssmsss On

the other hand, with the structure of Fig. 9, wherein the opposing area
bet ween both coils is nmade | arge, the dinmensions of the primary side and
secondary side including the enclosures becone extrenely |arge, thereby
hi ndering a unit, wherein this structure is incorporated, from achiev-
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I ng a downsi zi ng. When the secondary coil 6 and the primary coil 2 are
di s- posed concentrically as shown in Fig. 10(a), the magnetic coupling
between the primary coil 2 and the secondary coil 6

3.
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I's intensified,
power. However,

resulting in an increase of the transm ssion of electric

the dianmeter of the primary coil 2 becones the inner

di aneter of the secondary coil 6 resulting in the problens of an increase
of. di mensi ons of the secondary <coil 6 and the |ike. Furt her nore, when
t he nechani calwe94/38898 8a i s provided on the primary encl osurpeTdRocia3s3
prevent an abnornal heating of
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foreign objects as shown in Fig. 10(b), electrical contacts once
elimnated by enploying a non-contact structure are used again, thereby
bri ngi ng about the danger of failure in contacts and al so making it
difficult to rra%gtag direct current power supply unit in a hermetically
seal ed construc- "tl r a water-proof construction. In addi tpeipodsySsPf
the magnetic switch 9a such as a Hall effect device and the |Iike has
caused such problens as a difficulty for the magnetic switch 9a to tell
distinctly the difference between a heat producing object other than

&:4wsaum=4w~9~v%ﬁtammmﬁﬁ%ﬁ
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t he secondary'enclosure 5a when the foregoing object is made of a magnetic
substance and the like and the secondary transforner that includes the

secondary enclosure 5a, and :the |ike. The present invention provides an
i mexpensi ve aqg reli- able power supply unit wher eby the shortconi ngs
of the prior ? '@gsdescrl bed in the above are elimnated, ®CTIPw0a3ss

structure is realized, electric power transm ssion eff|C|en- cies are
enhanced and a dommsizing of the equi pnent is nmade possible.
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4 V. SUMVARY OF THE | NVENTI ON In order to work out the
foregoing problenms, a non-contact

WO 96/38898 ' PCT/IP96/01353
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type power supply unit of the present invention conprises a primry

coil to be fed with electric currents, and - a secondary coil nounted
opposite to the primary coil in an enclosure that is different from
an encl osure wherein the primary coil is nounted, whereby electric
power is WO P6i3888crred fromthe primary coil to the secoRCHIRsOIIEI
and wherein a ferrite core is provided on the primary coil ext endi ng
fromthe primary coil to t'he secondary coil, thereby realizing a
power supply unit with an enhanced 3 '
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el ectric power transm ssion capability and a resulting | arge el ectric
power out put. V. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a
construction of a transformer perform ng an inportant function in an
exenpl ary enbodi nent of the present invention of a power supply unit.
Fig. 2 shows XAWR8Buction of a transfornmer perforning PCRAIPIS/HNIBY t ant
function in another exenplary enbodi nent of the present invention of
a power supply unit.
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Fig. 3 shows a construction of a transformer performng an i nportant

function in still another exenplary enbodi nent of the present

i nvention of a power supply unit. Fig. 4 is an expl oded perspective
virew of a tra 4 ner perform ng an inportant function in still

anot her exerrplqg %rm” 5 © PCI/P96/01353

b
/12

Fig. b}

N 777
e

><

l %’% 9|,

g2 I

NN




enbodi mrent of the present invention of a power supply unit. Fig. 5is a
cross-sectional view of the transfornmer described in Fig. 4. Fig. 6(a)

is a front view of a secondary coil as used in a transfornmer perform ng an

i mportant function in stil

WO 96/38898 PCY/IP96/01353
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anot her exenpl ary enbodi nent of the present invention of a power supply
unit. Fig. 6(b) shows how the prinmary and secondary coils are
constructed in the transforner as referred to in Fig. 6(a). Fig. 7(a) is
atop viewof a printed wiring board used as a secondary coil of a
transformer pdf¢ g an inportant function in still anot hBeT/EE6MIbary
enbodi nent of the present invention of a power supply unit.

Fig.7
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Fig. 7(b) is a bottomview of the printed wiring board of Fig. 7(a).

Fig. 7(c) is a side viewof the printed wiring board of Fig. 7(a). Fig.
8 shows how the prinmary and secondary coils are con- structed in a

t ransfornmer perform ng an inportant function in a prior art power supply
unit.  Fig. Q’V?Hm’”ﬁow the primry and secondary coils ar e PCBHP6/01353
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structed in a transforner performing an inportant function
6 I n another prior art power supply unit. Fig. 10(a)
shows how the primary and secondary coils are

WO 96/38898 PCTAIP96/01353
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constructed in a transfornmer performng an inportant func- tion in

still another prior art power supply unit. Fig. 10(b) shows how the
primary and secondary coils are constructed in a transforner
perform ng anvwﬁ)6 rtant func- tion in still another prior art power
supply unit. . FERRED EMBODI MENTS OF THE | NVENTI ON  PCTAURIABAD| ary
Enbodi ment 1) An exenpl ary enbodi nent of the present invention wll
be :

73

Fig. 10
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expl ai ned below with reference to Fig. 1. As shown in Fig. 1, a

ferrite core 12 is inserted into " a primary coil 11 and arranged to
extend towards a secondary coil 13, which is wound around the ferrite
core 12. The primary coil 11 is nounted inside of a primary encl osure
14 and the se®h&¥P3coil 13 is nounted inside of a second- PCT/IP96Q1353
encl osure 15. An explanation will be nade on how a non-contact type
DC power supply unit constructed as described in the above
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perforns. By the passage of high frequency electric currents through

the primary coil 11, magnetic fluxes are produced. Al npst all the
foregoi ng nmagnetic fluxes pass through the ferrite core 12, which
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5 3 ' .
ary-(ﬁj7%%, It is made possible for the magnetic quxes produced by the
primary coil 11 to be transferred to the secondary coil 13 efficiently.,
Sitnce the foregoing ferrite core 12 is a rod type core form ng an open
magnetic circuit, it is extrenely dlffICU|t for the ferri'te core 12 to be
nagnetlzed to saturatlon

" SPECIFICATION

nt

I. TITLE OF THE INVENTION
Power Supply Unit

IT. FIELD OF THE INVENTION

| The present invention relates to a non~ contact type power
supply unit for use in small portable equipment such as
-cordless telephones, pottable telephones, PHS phones, video

cameras, personal computers: and the like.

I1I. BACKGROUND. OF THE INVENTION
A non- contact type power supply unit is characterized by
transferring_electric power from a primary side- to a secondary
side,“and since the primary side circuit and secondary
side circuit are packaged in separate enclosures that are
completely independent from each other, it is very important
to establish.magnetic'coupling between a primary transformer
and a secondary'transformer of the non—contact type power
supply unit for efficient transfef of'electric'power.
In order toNachieve an improvement in the magnetic .
coupling, use of E-E cores is considefed effective.
Also, it has been a usual practice to.make the opposing
area'between the'primary coll and the secondary coil.of the

transformers as'large as possible for better magnetic coupling.

. An explanation will'be given to prior art technologies in
the following with'reference to Fig. 8 to Fig. 10.



thereby enabling the ferrite core 12 to have a small diame- ter and
contributing greatly to a downsizing of the power ~ supply unit.

(Exenpl ary. Enbodi nent 2) " Fig. 2 shows another exenplary enbodi ment of the
present invention. In-general, the coupling between the prirary coil and
tthe - secondary coil is very poor with a non-contact type DC power supply

uni t, and |ittggy) é | sisowe d straaaat théfé?irprl! "§pe cores are used as

-

-a primary core 1 and also a secondary core 5.

A primary coil 2 is placed in the slot of the primary core 1
(E type core), thereby_forming.a primary transformer 4.
Also, a secondary coil 6 is placed in the slot of the |
secondary core 5 (E type core), thereby forming a secondary
transformer 8.

Reference numerals 3. and 7 indicate a primary bobbin and

a secondary bobbin, respectively.

Next, how_the foregoing structure works will be ekplained.
When high frequency currents flow in the primary'coil 2
formed of windings wound concentrically, magnetic fluxes
are produced in the primary coil 2 and primary core l.

The foregoing magnetic fluxes are propagated to the second-
ary core 5 and secondary'coil.s and converted to.electric

power, which is then supplied to load.

Fig. 9 shows a structure wherein the opposing area between B
the primary coil 2'and the secondary.coil;S is made large
in order to intensify the magneticlcoupling between,winde

ings.

Also,_in‘order-to_increase the foregoing magnetic coupling,:
an arrangement iS'made to dispoee the secondary coil 6 and

‘the primary coil 2 concentrically as shown in Fig. 10(a).

'Further, there has been provided a structure, wherein
a mechanical switch 8a and a magnetic switch 9a are used .

together in order to enable the primary coil to tell whether



coil fromthe changes in condition of the secondary coil. Therefore, it
has been extrenely difficult for a primary coil 21 to detect. whether a
cerrect secondary coil was nounted or any other foreign object article was
placed on. the secondary side.. However, by installing a detector coil 26
at a p05|t|on which is off the primary coil 21 and closer to a secondary
coil 23 on asitit itereaiVes Bt rAOWover fiidin the Qriiiiry heo LBt £6tEtie COi |

26 is hardly influenced by the primary coil 21 and readily affected by the
secondary coisecadank caik Qp sonkathen foreign ohigctwian@mlso to
| reduce a supply of electric power to the foreign objects,
thereby preventing an abnormal heating of the foreign'
objects from taking'place, and when a magnetic field genera-
tor '10a installed on a secondaryeenclosure_Sa'comes close to
the magnetic switch 9a, the magnetic switch 9a ;s turned on
and even when the mechanical switch 8a installed on a pri-
mary enclosure 4a is turned on by an object other than the |
eecondary“enclosure 5a,'an arrangement is made so that
electric'power is not applied to the primary'coil, as shown

in Fig. 10(b).

However, with the structure of Fig. 8, wnerein open magnetic
circuits are formed, the magnetic fluxes from fhe middle leg
9 of the primary core 1 (E tﬁpe core) are returned to the
outer legs 10 by short circuiting,‘thus resulting in a
reduction of magnetic'fluxes'that are propagated to the

secondary side.and.ending'np-with a poor efficiency.

On the other hand, with the structure of Fig. 9, wherein
the opposing area between both coils is made large, the
dimensions of the primary side and secondary eide inoluding
the enclosures become extremely large, thereby hindering

a unit, wherein this structure is incorporated from achiev-

ing a downsizing.

When the secondary coil 6 and the primary coil 2 are dis-
- posed concentrically as shown in Fig. 10(a), the magnetic

fcoupling between the primary coil 2 and the secondary coil 6



réflects the changes'in condition of the'secondary side since the detector

coi |
prlnary COI

26 is nore closely coupled MAth the ‘'secondary coil- 23 than with the
21. L 8 '

is_intensified, resulting in an increase of the transmission

of electric power.

-'However. the diameter of the primary 0611'2 becomes the

inner diameter of the secondary coil 6 resulting in the

problems of an increase of dimensions of the.secondary

coll 6 and the like.

Furthermore, when the mechanical switch 8a is provided on

the primary enclosure 4a to prevent an abnormal heating of

foreign objects as shown in Fig. 10(b). electrical contacts

_ once eliminated by employing a non-contact structure are

used again, thereby bringing about the danger of failure in
contacts and-also-making it difficult to make the direct
current power supply unit in'a hermetically sealed construc-
tion or a water-proof construction. | '

In addition, use of the magnetic switch 9a such as a Hall
effect.device-and'the like has caused such problems as

a difficulty for the magnetic switch 9a to tell distinctly
the difference between a heat producing object other than
the.secondary enclosure S5a when'the foregoinglobject 1s made
of a magnetic'substance'and the like and the secondary
transformer that includes the secondary enclosure 5a, and-

the like.

The present invention provides an_inexpensive and yet reli-
able power supply unit whereby the shortcomings of the prior
art as described in the above are eliminated a simpler

structure is realized electric power transmission efficien-
cies are enhanced and a downsizing of the equipment is made

possible.



Because of the above reason, by nonitoring the voltage of the detector

coil 26, it can be known that whether what is connected to the DC power -
supply unit is.the secondary coil 23 connected to a rectifying circuit or
sone foreign "object having | ow inpedance |ike a shorting ring. Accordi ng
t© the output voltage of the detector coil 26, the .high frequency currents
fed to the primary coil 21 can be nade lowin nagnltude or flow ng

intermttently, thereby preventing a tenperature rise of the foreign
dbj ect. IV. SUMMARY OF THE INVENTION

- In order to work out the foregoing problems, a non-contact
type power supply unit of the present invention comprises
a primary coil'to be fed w;th electric currents, and
a secondary.chl mounted opposite to the primary coil in
an enclosure that is different from an enclosure.whéreinﬂ-
the primary coil isfﬁounted, whereby electric power is
transferfed from the primary coil to the_secdndary colil
and wherein a ferrite core is provided on the primary coil'
éxtending-from~the'primary coil to the secondary coil, . '
thereby réélizing a power supply'uhit with an enhanced
electric powef transmission capability and a resulting

large electric power output.

V. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a.construction of a transformer pérforming-t
an 1mportantgfunction:1nudn exemplary embodiment of the

present invention of a power supply unit.

Fig} 2 shows a construction of a transformer performing
an important function in another exemplary embodiment of

the present invention of a power supply unit.

| Fig. 3 shows a construction of a transformei'performing
-an_important function in still another éxemplary embodimeht

of the present invention of a power supply unit.

f_Fig; 4 is an expldded perspective view of a transformer

performing an important function 1n'Still another exemplary



In Fig. 2, the reference nunerals 24 and 25 are a primary enclosure and a
‘secondary encl osure, respectively. ( Exenplary Embodinment 3) Fig. 3 also
shows still another exenplary enbodinent of the present. invention. As
shown in Fig. 3, a resonance capacitor 27 is connected across both ends of
the detector coil 26 that is installed as described in Exenplary

Enbodi nent 2, emnbdﬂmenﬁﬁﬁﬂﬂthdlﬁresent invention of a power supply unit.
Fig.'5 is a cross-sectional view of the transformer

described 1n\Fig, 4.

Fig. 6(a) 1s a front view of a secondary coil as used in
a transformer performing an important function inzstill
another.exemplary embodiment of the present invention of

a power supply unit.

'Fig. 6(b) shows how-the.primary and secondary colils are

constructed in the transformer'as referred to in Fig. 6(a)Q

Fig. 7(a) is a top view of a printed wiring board'used
as a secondary coil of a transformer performing an important
function in still another exemplary embodiment of the

present invention:of a power,supply unit.

Fig. 7(b) 1s a bottom view of the prlnted wiring board of
Fig. 7(a) '

Fig. 7(c) is a side view-of.the_printed_wiring\board of
Fig. 7(a). '

Fig. 8 shows how the'primary and secondary coils are con-
structed in a transformer performing an important. function

.in a prior art power-supply unit.'

Fig. 9 shows how the primary and secondary coils are con-

'structed in a transformer performing an important function"



condition of the secondary S|de are anplified, thereby enabling the
detection of foreign objects to be perforned readily and reliably. = As
described in the above, the exenpl ary enbodi nents of Fig. 1to Fig. 3
enpl oy a slender ferrite core sinply ar- ranged to extend froma primary
coil to a secondary coil and can realize a non-contact type DC power
supply unit, iwheitheaf fpmlmtaﬁﬁq:weﬁsa@pw wlidct ri c power from t he

prlnary side to the secondary side is made possible.
Fig. 10(a) shows how the primary and secondary coils are
constructed in a transformer perfprming an important funcf

-tion in still another prior art power supply unit.

Fig. 10(b)'shoWs how the primary and secondary coils are
'constructed in a transformer performing an 1mportant func-

tion 1n still another prior art power supply unit

VI. PRE?ERRED EMBODIMENTS OF THE INVENTION
(Exemplary Embodiment 1) .
An exemplary embodiment of the present 1nvention will be
explained below with reference to Fig. 1.

As shown in Fig;-l a ferrife core 12 is-inserted into
a primary coil 11 and arranged to extend towards a secondary ,
coil 13, which is wound around the ferrite core 12.

The primary coil 11 is mounted inside of a-primary-enclosure
14 and the secondary coil 13 is mounted inside of a second-

ary enclosure 15.

An explanation will be made on how a non-contact t&pe DC
power supply unit constructed as described in the above
'performs; | o ' |

By the passage of high frequency electric currents through
the primary coil 11, magnetic fluxes are produced. Almost.
all the foregoing magnetic fluxes pass through the ferrite'
core 12, which.penefrates the center of the primary coil 11.

By having the above ferrite core'12 ektended to the second-



9 . In addition, with a version that has a detector coil provid-
ed to the ferrite core, it is nmade possible to realize an

" ary coil 13, it is made possible for thé magnetic fluxes
~ ' 'produced by the primary coil 11 to be transferred to the
secondary coil 13 efficiently. ' |

Since the'foregoingfferfite cbre 12 is a rod type core
forming an open magnetic circuit, it is extremély difficult
for the-feirite core .12 to be magnetized.to saturation,
thereby enabling the ferrite core 12 to have a'small diame-
tef and contributing greatly to a downsizing of -the poﬁér

supply unit.

(Exemplary Embodimeﬂt 2)
Fig. 2 shows anothet exemﬁlary embodiment_bf the present
- invention. _ ' |
In.general, the'cbupling betﬁeen the primary coil and the
secondéry coll is very poor with a non-contagt type DC power
supply unit, and little influence.iS'1mp0§ed=on-the primary,,
coil from'the-changés in condition of the:secdndary coll.
-Therefore,'it hés been extremely difficult for a primary
coil 21 to detect whether a correct secondary coil was '
"mdunted or any'other foreign object article was placed on
the secondary side.'However, by 1nstailing‘a detector coi;.
26 at a posifion.which is off fhe primary coil 21 and closer
to a secondary coil 23 on a ferrite core 22 as shown in
Fig. 2 so that the detector coil 26-is:ﬁardly influenced by
the primary coil 21'and readiiy affected by the secondary
coil 23, fhe’vdltage indﬁced.in the detector_coil 26
_reflects the changés in'conditioh'of the secondary side
since the detector coil 26 is more closely coupled with the
secondary coil 23 than with the primary coil 21.



extrenely safe non-contact- type DC power supply, whereby detection of
foreign objects is perfornmed without using .-a nechanical switch, a nagnetic -
switch and the |ike. (Exenpl ary Enbodlnent 4) Fig. 4 and Fig. 5 show
still another exenplary enbodi nent of the present invention. ‘As shown in
Fig. 4 and Fig. 5, a prlnary unit 33 con- tains a primary bobbin 30 with
an | type cof Beiusedfxie HMUoWS rexdionh 3by Mnitorims itk ivoltwgeent er

thereof, and further a primary coil 32 is wound around the | type core 31.

S’ mlarl y, a szﬁ:@itda@smtxomszwdntzzﬁ.nsttammdmwn that whether what
is connected to the DC power supply unit is the secondary
coil 23 connected to a rectifying circuit or some foreign

object having low impedance like a shorting ring.

According to the output.yoltage of:the'detector-coil'26, the
high frequency'currents fed to the primary coil 21 can be
made low in magnitude or flowing intermittently, thereby '

preventing a temperature rise of the foreign object.

In Fig. 2, the reference numerals 24 and 25 are a primary

enclosure_and_a"secondary'enclcsure; respectively.

( Exemplary Embodiment 3)
Fig. 3 also shows still another eXemplary embodiment of the
present invention.

~As shown in.Fig. 3,-a resonance capacitor 27 is'COnnected

~ across both ends of the detector coil 26 that is installed
as described_in‘Exemplary Embodiment'z, and the changes in
condition of the secondary sidelare amplified, thereby
enabling the detection of foreign objects to be performed
reacily and reliably. .

‘As described in the. ahove,-the exemplary embodiments oft
Fig. 1 to Fig. 3 employ a slender ferrite core simply ar-
ranged to extend from a primary coil to a secondary coil |
and can realize a non-contact type DC power supply unit,
whereby'efficient transmission of electric-power from

the primary side to the secondary side is made possible.



bobbin 35 with an E type core serving as a secondary core 36 that is
provided in the center thereof, and further a sec- ondary coil 37 is wound:
around the mddle | eg of the second- ary--core 36 so that the secondary coi
37 is'|located between the mddle | eg and the outside | egs of the secondary
core 36. Next, how a non-contact type DC power supply unit construct- ed
as described in-the above performs will be explained. Wen high frequency
currents flowin the primary.coil 32 that is wound concentrically,
magnet ic fluxen add:lph:lrmucmd.tm B vbesponnthatchas 8Aekettiscoil grovid-
primary core 31 that is |located in the center of the:frlnary coil 32.
_ d to the ferrite core, it is made poss ble to realize an-
extremely safe non-contact type DC power supply, whereby
detection of foreign objects is performed without using

a mechanical'switch, afmagnetic-switch and the like.

(Exemplary Embodiment 4)

Fig. 4 and Fig. 5 show still another exemplary embodiment

of the present invention. . ,

As shown in Fig. 4 and Fig. 5, a primary unit 33 con-'

tains a primary bobbin 30=with'an I type core_serving as

a primary core 31 that is erected in the center thereof,

and fnrther a primary coil'32 islwound around the I type

core 31. - - ' |

Similarly, a secondary unit 38 contains a secondary

bobbin 35 with an E type core serving as a secondary core 36
" - that is'provided in the center thereof, and further a sec-

ondary coil 37 is wound around the middle leg of the second-

ary core 36 so that the secondary-coil 37 is located between _

the middle leg and the outside legs of the secondary | |

core 36.

Next, how a non-contact type DC power supply unit construct1
ed as described in the aboye.performs will be explained.t
"When'high frequency currents'flow'in the primary.coil'32-
that is wound concentrically, magnetic:fluxes are produced
in the primary coil 32 and also in the primary core 31.that'
'is located in the center of the primary coil 32.

Since an E type core. Was used with the primary coil in the .

10



Slnce an- E type core was used mnth t he. prlnnry COI| in the
10 . prior art, a short circuit of nmagnetic fluxes is establlshed
bet ween the m ddl e Ieg and t hé outside Iegs of the E type

prior art, a short circuit of magnetie'flunes'is established
between the middie leg and the eﬂtSide'iegs of the E type
core. As proposed py'the present 1nvention, use of en I type
cere as the primafy core 31 eliminates the Short'circuitf
oﬁ magnetic fluxes within the.primary.core 31.

In addition; magnetic fluxes that leave the cross-sectional.
'surface of one end of the primary core 31 follow a large
loop, pass through the secqndary'unit 38 end,return to

the primary core 31 on.the_cross-sectional snrfece.of'the'
other end-theteof.'In other-words._use of an I type core
as the primary'core-Bijmakes it easier for magnetie fluxes
to pass through the secondary unit 38. -
Futthermore.-in.order for the magnetic flﬁxes‘to leave.the
primary core 31 in e eentrally concentrated manner,tthe
“use of an I type core as the pt?mary cere 31 is extremely
effective. ' .

Since the magnetic circuit is formed to establish an open
magnetic circuit, magnetic flu#es leave the primary-enelo-
sure 33 in many directions. For enhanced.efficiencies it is
necessary. for the opposing secondary unit 38 to pick '

up as many magnetic -£luxes as possible by achieving magnetic _
coupling in a wide;range. For achieving the foregoing, it is
_usefnl for the”seCOndary_unit 38‘to.empley'a structure |

wherein an E type core is used as the secondary core 36.

As explained in the above, the use of'the I type primary
core 31 located in the center of the primary coil 32 and
alse'the E type secondary core 36 together}with_the second-

ary coil 37, as pteposed by the present 1nvention, makes the

11



core. As proposed by the present invention, use of an | type core as the
primary core 31 elimnates the short circuit of nmagnetic fluxes within the
primary core 31. In addition, magnetic fluxes that |eave the
cross-sectional surface of one end of the primary core 31 fol'low a | arge
I"oop, pass through the secondary unit 38 and return to the primary core 31

on the cross- sasidtanadtion bEca pbwehesuppiprueiE $HfSEDf theretiy &l Wity

use of an | type core as the primary core 31 nakes it easier for nagnetic

fl uxes the power supply unit to be made smaller, and at the same
time contributes to the reélization of a non-contact type
power supply unit of excellent efficiencies and high reli-__
ability, whereby a ;arger output”supply'of power becdmes'

~achievable.

(Exemplary Embodimeﬁt 5)

Fig. 6 shows still énother exemplary embodiment of the
present invention. ' , .. |

Fig. G(a) shows how a secondary unit 40 is structured..

A flat T type core 1s'ﬁéed.as a sqcohdary core 41 ahd :

a secondary coil 42 is wbund around:thé protfuding pétt of

the T type cbre.

Fig. 6(b) is a cross-sectional view of a transformer that
is formed of a primary unit 43 and a secondary enclo--. .
sure 40 and performé-an important function in a power supply.
unit. When high freduency.currénts are fed to a primary coil
.44, the primary unit 43 radiates'mAQnetic fluxes in the
| direction of the secondary ﬁnit 40.
At.fhis time, sinée_thé'magnetic circuit forms an open .
magnetic circuit, the magnetic fluxes from the p:imary.
unit 43 are radiated in.many;directidns.-l |
In order to enhance xrénsmission effiéiencies. it_ié neces-
sary to have the magnetic fluxes from the primary unit
" 43 convérged_and as many magnetic fluxes as possible picked
uﬁ by the_secondary_unit-AO. Therefo:e, an I type core
is used as a primary core.31 and é-flat T type dqre is_used

.as a secondary core 41, thereby realizing a structure where-



to pass through the seceondary unit 38.::Furthermore, in order for the

magnetic fluxes to leave the primary-gore 31.-in a centrally concentrated

manner, the wuse of an | type core as-the primary core 31 is extrenely

ef fective. Since the magnetic circuit is formed to establish an open

rmagnetic circuit, nmagneti-c fluxes | eave the prinmary enclo-  sure 33 in nany

directions. Fam aMeneRmhelfild @1 Tadilatied FIVHEIIN Yori@lary uPDPOsi ng.

secondary unit 38 to pick up as many magnetic fluxes as possible by

achi evi ng nagré iax¥e converged and picked up by the entire surfaces of the
secondary core 41. As a result, the transmission efficien-
cles are improved greatly and the thickness of the secondary

unit 40 is allowed to decrease.

"The T letter cross-section flat core used as the secdndary
core 41 is allowed to have a configuration, the top surface .

of which can be circular, oval, rectangular or polygonal.

{Exemplary Embodimeht‘s)'

Fig. 7 shows still anbther exemplary embodimenf of the
present 1nvention,.which is the same as Exemplary Embodi-
ment 5 except that a secondary coil 45 is formed bf a'pr1nt-_‘
ed wiring board 46.l

‘Fig. 7(a) shows the uppef surface of the printed-wiring
'board'46. Fig. 7(b) and Fig. 7(c) show-the lower surface
and the cross-section of the printed.wiring boa:d.46, re-

spectively.

As shown in thé-fbregqing drawings,. éoncentric coil batterns-
- 47 ére formed on the upper and lower surfaces of the printed
ﬁifing*board 46 and the upper;surface and lower.surface
patterns 47 are connected with'each other by means of a
through_hole_48 ldéated'towards'the inside of the coil
patterns 47. o

Accordingly, the 0011_pétterns'47.can pick up magnetic
fluxes rédiated frbm a primary unit in the same waj'

as a_geherally uséd secondary épii'able'to, and at the same

time makes it possible to reduce further the thickness of

13



coupling in a wide range. For achieving the foregoing, it is wuseful for
the secondary unit 38 to enploy a structure wherein an E type core is used
as the secondary core 36. As expl ained in the above, the use of the |
type primary . core 31 located in the center of the primary coil 32 and

al so the E type secondary core 36 together w th the second- ary coil 37,
as proposed bya tdubqafmqntunwentlon makes t he

As mentioned in the foregoing, the present exemplary
embodiment is the same as the Exemplary Embodiment 5 except
that_the_secondary coil 45_is.formed of the printed wiring
board_46} Therefore, the configurations of the secondary
coil 45'can be circular, oval, rectangular or polygonal.
_Also, the_printed wiring board 46 can be double-sided,

| hsingle-sided or multi-layered.

With the exemplary embodiments as described in Fig. 6 and
Fig. 7, the use of a flat T type core has made it possible
to realize_a flat type secondary coil having a simple con-
struction with the resulting realization of an efficient -
non-contact.type power supply unit having a high degree of
reliability and contribution to a downsizing of the equip-
ment wherein the power supply unit is incorporated.

. In addition,: since the . outside magnetic legs as existed with~
an E type core are eliminated in the T type core, a further
reduction in cost is made possible when compared with the

| E type core, thus providing a great benefit to the industry.

VIII. Benefits- for the Industry A
As described in the foregoing, the present_invention.can
provide a power supply unit that_achie#es an.excellent
power transmission efficiency with a simple constructidn,
enables the equipment using the power supply unit to
' achieve a downsizing, contributes to a cost reduction and |

operates.with a high degree_of_reliability.

14



construction of a power supply unit sinple, thereby allow ng the power
supply unit -to be nade snaller, and at.the same time contributes to the
real i zati on of a non-contact type power supply unit of excellent
efficiencies and high reli- ability, whereby a | arger output supply of
power becones achievabl e. (Exenpl ary Enmbodi nent 5) Fig. 6 shows stil
- anot her exenplammb&mﬁuxanmyntaphekhaon provided with a ferrite core
: that is inserted in the primary coil and extends towards

' the secondary coil can_transfer efficiently the magnetic

fluxes produced in the'primary coil to the secondary coil.

Another vefsion:provided with é'fertiafy coll that is .
located on the foregoing ferrite core where no ﬁrimary'
coil is in place'cén detect foreign objects with'a.high
degree of reliability because_of the use of the foregbing-
tertiary coil. -

still another'version.provided.with the tertiary coil having
| a'capacitor connected across both ends thereof can ,

émplify the changés in condition_of the secondarj side,

the:éby conductinglthe détectiOn of foreigﬂ objects more

accurateiy.

Still another version with an I type core used in the
primary coil and.an.E'type core used in the sécondary coil
can contribute to a dbwnsizing of the power supply unit

and can realize a large power Qutput._

Still another version with én I type core used in the
§rimary coil_and a T type core useq in the secondary coil
éan realize a further.downsizing of the power supply unit
and can contribute to a cost reduction by requifing ho
core material.for oufside legs that would have been needed

with an E type core.

15



pr esent

I nvention. Fig. 6(a5 shows how a secondary unit 407715

A flat T type core i's used as a secondary core 41 and a secoqﬁggg%etqggheeﬂﬁepmed '

i s wound around the protruding part of the T type core. . Fig.
cross-sectional view of a transforner that is fornmed of a pri
and a secondary enclo- sure 40 and perforns an inportant funct

power  sumx.y WHAT Is\/\mxwm.equency currents are fed to a primary coil
44, the primary unit 43 radiates nagnetic fluxes in the direction of the

secondarylunAtnmo cAntnntstwpeepoyewceupnéynugﬂetcomnn&smus~forns an open.

a primary coil to be fed with high frequency currents.-and
a secondary coil monnted_opposite_tO'said primary coil'in
an enclosure that is differentlfrom an enclosure wherein
sald primary coil is mounted, whereby electric”power is
transferred from said primary coil to said secondary coil

and wherein a ferrite core is provided so as to extend

-from said primary coil to said secondary coil.

2, The power supply unit according to Claim 1, wherein a ter-

tiary coil is ‘provided on said ferrite core at a place,
where said ferrite core is not_inserted in said primary

coil.

3. The power supply unit according to Claim 2, wherein a capac-

itor is connected across both ends of said'tertiary'coil;

7

‘4, A non- contact type power supply unit comprising:

a primary coil to be fed with high frequency currents- and

a secondary coil mounted opposite to said primary coil in

an enclosure that is different from an enclosure wherein
said primary coll is mounted, whereby electric power is

transferred from said primarydcoil to'said_secondary coil

 and wherein the opposing surfaces of said primaryicoil and

secondary coil are made flat, an I type primary core is.
provided in the center of said primary coil and an E type

secondary core 1is provided in said secondary'coil.

5. A non-contact type power supply unit comprising:

M
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magnetic circuit, the magnetic fluuxes fromthe primary wunit 43 are
radiated -in many directions. In order to enhance transni ssion
efficiencies, it is neces- sary to have the magnetic fluxes fraomthe
primary unit 43 converged and as many magnetic fluxes as possl bl e picked
up by the secondary unit 40. Therefore, an | type core is used as a

pri.mary core 3l prithatry’ lcuiilT tioy/ B E@dewi%w&.@c&.&i&: ETiy; e 41,

thereby real i zing a structure where- 12
a secondary coil mounted opposite to said primary coil in
an enclosure that is different from an enclosure wherein .
said primary'ooil'is mounted, whereby electric power is
tranSforred fromnsaid primary colil to said socondarj_coil and
wherein said'primary coil is étructured so as to'havera pri-
:mary coll wound around.an I tYpo core and sald secondary coil
employs a flat T typo core providod with a secondaryary coil
or a printed wiring board_with coil patterns formed'theréon

around the protruded part of saild T type core.

T



in the magnetic fluxes radiated fromthe primary unit 43 are converged and
picked up by the entire surfaces of the secondary core 41. As a result,

the transm ssion efficien- cies are inproved greatly and the thlckness of
t he secondary unlt 40 i s all owed to decrease

-

X. ABSTRACT | |

| The present invention relatée to a nonecbntact'type power
supply unit-intendedffof.use'in electfonic equipment, aiming
at thelrealizatiqn'af a small size and low cost and success-
. ful aéhievement in an enhanced capability of electric power
.transm1SS16n. | | | |

- In order'to_achievefthe foregoing ebjectives,'the_non-'
contact type power supply unit compriSes'a érimary coil(il)
that is fed with pulsated currents, a secondary coil(13)
.mounted ‘opposite to the primary coil(11l) in an enclosure
that is different from an enclosure wherein the primary
coil(1ll). is mounted, whereby electric_power is transferred
from the primary coil(11) to:the_secoadary coil(13) and |
awherein-a ferrite'core(lz) is disposed so as to extead £rom
- the primary coil(11l) towards the eecondary 6011(13)4 thus’
.achieving eff;cieht eiectric pbﬁer trahemission from the

primary coil(11l) to secondary coil(13).

18
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The T letter cross-section flat core;used as the secondary core 41 is
al l owed to have a configuration, the top surface of which can be circul ar

oval, rectangular or polygonal. =~ (Exenplary Enbodi ment. 6) Fig. 7 shows _
still another exenplary enbodi nent of the present invention,.which is the
sane as Exenpl ary Enbodi = nent 5 except that a secondary coil 45 is forned

~of a print- ed wiring board 46. Fig./748) shows the upper surface of the
~printed wiring board 46. Fig. 7(b) and#i g2 7(c) show the |ower surface. .

Fig: /
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and the cross- sectlon of t he prlnted Wi ring-board 46 re- spectively. As
shown in the fore90|ng drawi ngs, - concentric coil patterns. 47 are forned

" on the upper and lower surfaces -of the printed wiring board 46 and the

2

'patterns 47. Accordingly, the ce+l

. upper surface and |l ower surface patterns 47 are connected with ‘each ot her

by neans of a through hole 48 | ocat owar ds the inside of t he coi
szns 47 can .pi ck up magnet i c

Ff'g. 2 |

A
é" 3
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fl uxes -radiated from a pri rréry unit in the same way as a géne‘fally used
secondary coil able to, and at the sane tinme nakes it possible to reduce
further the thickness of ' T ' ‘ .13 '

Fig. 3_



a secondary unit. - - As nentioned in the foregoing, the present

exenpl ary enbodi nent is the sane as the Exenplary Enbodi nent 5 except
t.hat the secondary coil. 45 is formed of the printed wiring board 46.
Therefore, the configurations of the secondary . coil 45-an be
.circular, oval, rectangular or polygona},. , Al so; the printed wiring
.board 46 can be doubl e-si ded, —Si ﬁ% ided or nulti-layered.

Fig. 4




Wth the exenplary enbodiments as described in Fig. 6 and Fig. 7, the .
use of a flat T type core has made it possible to realize a flat type
secondary coil having a sinple con- ‘struction with the resulting
realization of an efficient - non-contact type power supply unit having
a high degree of reliability and ntyibution to a downsi zi ng.of the
equi p- ment wherein the power-supgf égnhk i's I ncorporated. I n
addi tion, si.nce the outside nagnetic |le existed with an E type
core are elimnated in the T type core, a further ~ . reduction in cost
‘i's nade possible when conpared with the . E type core, thus providing a
great benefit to the industry. ) :

- H—F
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VIII. Benefits for the IndUstry o As described in the foregoi ng, the

present invention can .. provide a power supply unit that achieves an
excel | ent . power transm ssion efficiency with a sinple construction,
enabl es the equi pnment using the power supply unit to achi eve a
downsi zi ng,” contributes to a cost reduqf and - © operates with-a high
degree of rellablllty _ . //éi}." . -

- Fig 6

@)

Magnetic ﬂux \l/
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Particularly, a versfon7prpvided with a ferrite core that is
can

inserted in the primary. coi
transfer efficiently the magnetic

t he secondary coil

ko

Fig.7

(@)

€

and extends towards

't he secondary coil

fluxes produced in the primary coil to




Anéther version provided with a tertiary coil that is -located on the

foregoing ferrite core where no primary coil is in place can detect foreign
objects with a high ‘degree of reliability because of the use of the
foregoing tertiary coil. Still another version provided with the.

‘tértiary coil having a capacitor connected across both ends t her eof can
ahplify the changes in condition of 't he g’ ndary side,. thereby conducting
t he detectlon of foreign objects nore a qute Y. : '

f;Q7¢f
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Still another version with an | type core used in the primary coil and an
E type core used in the secondary coil can contribute to a downsizing of .
t he power supply unit - and can realize a-large power output. Sti-ll . .
anot her versi-on with an | type core uséd in the primary coil and a T type
cbre used in the secondary coil can real@ze,a further downsizing of the
power supply unit and can contri bute—to/(ﬁt-;-eduction by requiring no

4

| Fig. 9
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core materi al for outside | egs that woul d have been needed with an E type
. core. _ 15

N

.Fig. 10
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IX. WHAT IS CLAIMED IS: 1. A non-contact type power supply unit

conpri si ng: a primary coil to be fed with high frequency currents;
and . a secondary coil nounted opposite to said primary coil in

an enclosure that is different froman encl osure wherein " said primary
oil is mounted, whereby electric power is transferred fromsaid
primary coil to said secondary coil HV&z and wherein a ferrite core is

Jprovided so as to extend " froms primary coil to said secondary
coil. .

Key to Reference Numerals

1 _frimary'Corg

2 Primary Coil

.3 -Primary Bobbip

4 Primary.Transformer
4a frimary Englosure

5 _ Secondary Core

5a 'Sécondary Ehcipsure

6  Secondary Coil

8 . Secondary fransfofmer

8a Mechanical Switch

. _ Middle Leg

9a thnet1c=5w1t¢£

10  Outside Leg

10a Magnetic Field Generator
11" Primary Coil.

12 Ferrite. Core

13 "Secbﬁdarﬁ.Coil

21  Primary Coil

22 Ferrite Core

23  Secondary Coil



2. Theipomer supply unit accofding.to Caim1, wherein a ter- tiary'

coil is provided on said ferrite core at a place, where said ferrite
core Is not inserted in said prinmary " ocoil. 3. The power supply
uni-t according to Claim2, wherein a capac- . itor .is connected across

Heth ends of said tertiary coil. .

‘Zconprising: -a primary coil to be fquii

& secondary coi

24
25
26
27

30

31

32

33 .

35

36

37

38

40

41

42

43

45

46

47

48

nount ed opposite to

'~ Primary Enclosure

Secondary Enclosure
Deteqtor Coill l.
Capacitor

Primary Bobbi;
Primaff Cofe
Prima;y Colil

Primary Un;t

- Secondary Bobbin

Secondary Core

‘Secondary Coil

Secondary Unit
Secondary_Unit
Secondary Core

Secondary Coil:

Primary Unit

.Primary Coll

‘Secondary Coil

Printed Wiring Board
Coil Pattern

Through Hole

4. A non-contact type power supply unit

h high frequency currents; and -
primary coil in - '



.an'enclosure that is different froman encl osure wherein said primry

coil is nounted, whereby electric power is. transferred fromsaid
primary coil to said secondary coil and wherei n the opposing surfaces
of said primary coil and -  secondary coil are nade flat; an | type
~primary corsMRENBED SHERT provided in the center of said primary coil and an E
type secondary core is provided in said secondary coil. 5. A
. hon-contact’' type power supply unit conprising:
| CLAIMS
1. (DELETED)

2. (AMENDED) A non-contact type power supply unit having a
primary coil to be fed with high frequency currents; and a secondary
coil mounted opposite to said primary coil in an enclosure that is
different from an enclosure wherein said primary coil is mounted,
whereby electric power is transferred from said primary coil to said
secondary coil 60mprising: a ferrite core provided so as to extend from
said primary coil to said secondary coil and a tertiary coil provided on
said ferrite core at a place wh.ere.said ferrite core is not inserted in said

primary coil.

3. The power supply unit according to Claim 2, wherein
a capacitor is connected across both ends of said tertiary

- coil. .

4. A non-contact type power supply umt comprising:
a primary coil to be fed with high frequency currents; and
a secondary coil mounted opposite to said primary coil in
an enclosure that is different from an enclosure wherein
said primary coil is mounted, whereby electric power is
transferred from said primary coil to said secondary coil
and wherein the opposing surfaces of said primary coil and
secondary coil are made flat, an I type primary core is
provided in the center of said primary coil and an E type

secondary core is provided in said secondary coil.

5. A non-contact type power supply unit comprising:

16
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aprimary coil to be fed with electric currents; and a secondW §
nmount ed opposite to said primary coil in an enclosure that 5 erﬁ
froman enclosure wherein said primary coil is mounted, vvherebylpﬁécbmc -
pewer is transferred fromsaid primegsbesnihama sai d secondary COi lesand

wherein said primary coil is struct% &C% ? %g have a pri-  mar G
mound ar ound type core and sai d oi | 5
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(57) Abstract
A non-contact
b 'wer source
:\ypearamspoused for an ’ f
electronic appliance,

wluch supplies greater é //5

power though it is small
and imex ghswe To , &=

accom this obj ‘
By coil (1) sopplied | g S

A

with a pulse current is 2N

%

opposed to a secondary
coil (13) mounted into a /
different case, and 2 ferrite
» | core (12) is disposed // fz
: in such a manner as to :
. extend from the primary
.'i -coil (11) to the sccondary
: coil (13) so that power can
be efficiently transmitted
from the primary coil (11)
to the secondary coil (13).




enploys a flat T type core provided with a secondaryary coi
W ring board with coi
of said T type core.

or a printed
patterns fornmed thereon around the protruded part
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