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 SPECIFICATION

I. TITLE OF THE INVENTION

II.

Power Supply Unit

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, portable telephones, PHS phones, video

cameras, personal computers: and the like.

III BACKGROUND . OF THE INVENTION

A non- contact type power supply unit is characterized by
transferring_electric power from a primary side- tc 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 secohdary'transformer of the non—conteCt type power
supply uhit for efficient transfef of'electric'power.

In order toIachieve an improvement in the megnetic .

coupling, use of E-E cores is considered effective.

Also, it has been e usual practice to make the opposing

area between the'primary coil 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.
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Fig. 8 shows a étructure Wherein E type cores are used as

-a primary core 1 and also a'secdndary core 5.

A primary coil 2 is piaced in the slot of the primary core 1

(E type coré), 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 formiﬁg a secondary
transformer 8.

Reference humefals 3. and 7 indicate a primary bobbin and

a secondary bobbih,'respectively.

Next, how_the forégoing structure works will be ekplained.

When high frequency currents flow in the primary'coil 2
formed of windings wound COncentrically, magnefic fluxes
are produced in the primary_céil.z-and primary cére.l;

The foregoing mhgnetic;fluxes are propagated to the second-
ary core 5 and secondary'coil.s and converted tb.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 magneticlcbupling between,wind4

ings.

Also,_in‘order-to_increase the fo:egoing magnetic coupling,:

an arrangemeht 1slmade to dispoée 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
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what receives electric power frdm the primary coil is the
secondaiy coil or some other foreign objects and also'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 secondary enc1osuré_5a'comes closg to

the magnetic switch 9a, the magnetic switch 9a is 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

sedondary“enélosure 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 structuré of Fig. 8, wherein open magnétic
circuits are formed, the magnetic fluxes from fhe middlé leg
9 of the primary core 1 (E tﬁpe core) are returned to the
outer legs 10 by short cifcuiting,‘thus resulting in a
reduction of magnetic'fluxes'that are propagated to the

secondary side.and.ending'up-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 énd secondary side ipcluding
the enclosures become extremely large, thereby hindering
a.unit, wherein this structure is incorporated, froh 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

coupling between the primary éoil 2 and the secondary coil 6
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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 resuiting in the

problems of an increase of dimensions of the.secondéry

coll 6 and the like.

Furthermore, when thefmechanical switch 8a 1s 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-mqking 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 foregoing object 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*simpier

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

possible.



IV. SUMMARY OF THE .INVENTIlON |
- In order to.ﬁork 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



r

'embodimenr of the present invention of a power supply unit.

Fig.'5 is a cross-sectiohal 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 inzetill
another.exemplarj embodiment of the present invention of

a power supply unit.

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

constructed in the trahsformer'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) is a bottom view of the printed 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-

'struoted in a transformer performing an important function"



in another prior art power supply unit.

Fig. 10(&) shows how the primary and secondary éoils are
constructed in a transformer petfprming an important func-

-tion in still another prior art power supply unit.

Fig. 10(b) shows how the primary and secondary coils are
constructed in a trhnsformer'pérforming an 1mportant func-

tion in 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 dﬁ how a non-contact t&pe DC
power supply unit constructed as described in the above
'performs; | o ' |

By the passage ofjhigh frequency electric currents through
the primary 6011 11, ﬁagnetic fluxes are produced; Almost.
all the foregding 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-



" ary coil 13, it is made possible for thé magnetic fluxes
‘produced by the primary-coil 11\to be transférred-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 '
'méunted 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.



' Because of the'above-reason, by monitoring.the voltage

of the detector coill 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 some foreign

object having low impedance like a shorting ring.

According to the output.yoltage ofsthe'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'enciosure; respectively.

( Exemplary Embodiment 3)

Fig. 3 also shows still another eXemplary embodiment of the
present invention.

~As shown in.Fig. 3,-a resonance capaoitor 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
reedily and reliably. .

‘As described in-the,ahove,-the exemplary embodiments oft
Fig. 1 to Fig. 3 empioy'a slender ferrite core simpiy ar-
ranged to extend from a.primary coil to a seconddry coii |
and can realize a non-conteot'type Dc'pomer supply unit,
whereby'efficient transmission of eiectric-power from

the primary side to the secondary side is made possible.
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In addition, with a version that has a detector coll provid-
ed to the ferrite core, it is made possible to realize an-
extremelyhsafe non-contact type bc power supply,.mhereby
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 above performs will be explained.

"When'high fregquency 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



prior art, a short circuit of maghetié'fluﬁes'is established
between the middie leg and the qﬂtSidé'iegs of the E type
core. As proposed py'thé present 1nventioh, use of éﬁ I type
cbre 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 ihe secqndary'unit 38 and,return to

the primary core 31 on.the_cross-sectional surféce.of'the'
other end-thefeof.'In other-wordé._use of an I type core

as the primary'core-Bijmakes it easier for magnetid fluxes
to pass through the secondary unit 38. -
Furthermore.-in.order for the magnetic flﬁxes‘to leave.the
primary core 31 in & centrally concentrated manner,zthe
“use of an I type core as the pf?mary cdre 31 is extremely
effective. ' .

Since the magnetic circuit ié formed to éstablish an open
magnetic circuit, magnetic flu#es leave the primary-enclo-
sure 33 in many directions. For:enhanced:efficiencies, it is
necessary. for the opposing_secondary ﬁnit 38 to pick '

up as many magnétic-fluxes as possible by achieving'magnetic _
coupling in a W1de;range. For.échieving the foregoihg, it is
_usefﬁl for the”seCOndary_unit 38‘to.emplby'a strucfure o

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

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

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

11



éohétruction of a power supply_unit-simpie,fthereby allowing
the pbwer'supplj ﬁnit ﬁo:be made smaller, and at the same
time coﬂtributes to the reélization of a non-contact type

power.supply uhif 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-



4]

in the magnetic fluxes radiated from the primary unit

-43 are conve:ged'and picked up by the entire surfaces of the

secondary core 41. As a result, the transmission efficien-
cies are impro#ed greatly and the thickness of the secdndary

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.

‘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 board 46, re-

spectively.

As shown in the foregoing drawings, concentric coil patterns-

47 are 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 loéated'towards'the inside of the coil

patterns 47.

Accordingly, the coil patterns 47 can pick up magnetic
fluxes radiated frbm a primary unit in the same way
as a geherally used secondary coil able to, and at the same

time makes it possible to reduce further the thickness of

13



a secondary unit.

As,mentioned_in the foregoing,-the present exemplary
embodiment is the same as the Exemplary EmbodimentiS 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,

| nsingle-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_e 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 greet benefit to the industry.

VIII. Benefits- for tne 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



Particularly, a version provided with a ferrite core

that is inserted in the-primafy coil and extendé towards

' the secondary cpil can_transfer”efficiently the magnétic
fluxes produéed 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
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IX. WHAT IS CLAIMED IS: |

1. 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 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 coll.

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;

‘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:

1S SHEET HAS BEE“ |
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a primary coil to be fed with electric currents; and

a secondary coll mounted oppbsite to said primary coil in
an enclosure that is different from ah enclosure wherein .
said primary'doil'is mounted, whereby electric power is
tranSferred fromnsaid primary colil to said secondarj_coil and
wherein said'primary coil is étructured so as td'have a pri-
:mary coll wound arpund.an I tYpe core and sald secondary coil
employs-a.flat-T tyﬁé core providéd with a secondaryary coil
or a printed wiring boafd_with coil patterns fqrmed'theréon

around the protruded paft of saild T type core.
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