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SPECIFICATION 

I. TITLE OF THE INVENTION 

Power Supply Unit 

II. 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· to a secondary 

side, and since t~e primary side circuit and secondary 

side· ci.rcuit are packaged in separate enclosures that are 

completely i.ndependent from each other, it is verr important 

to establish magnetic coupling between a primary transformer 

and a secondary transformer of the non-contact type power 

supply uni.t for efficient transfer of electric power. 

In order to achieve an improvement in the magnetic 

coupling, use of E-E cores is consi.dered effecti.ve. 

Also, it has been a 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 pri.or art technologies in 
.. 

the following with reference to Fig: 8 to Fig. 10. 
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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 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 explained. 

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 1. 

The foregoing magnetic fluxes are propagated to the second­

ary core·s and secondary.coil 6 and converted to .electric 

power, which is then s~pp~1ed to load. 

Fig. 9 shows a structure wherein the opposing area between 

the primary coil 2 and the secondary. coi1·6 is made large 

in order to intensify the magnetic.coupling between wind­

ings. 

Also, in order to. increase the foregoing magnetic coupling, 

an arrangement is ·made to dispose the secondary coil 6 and 

·the primary coil 2 concentrically as shown in Fig. lO(a). 

Further, there has been provided a structure, wherein 

a mechanical switch Ba 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 from the primary coil is the 

secondary 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 ·1oa installed on a secondary enclosure Sa comes close to 

the magnetic switch 9a. the magnetic switch 9a is turned on 

and even when the iriechanical switch Sa installed on a pri­

mary enclosure 4a is turned on by an object other than the 

secondary enclosure Sa, an arrangement is made so that 

electric power is not applied to the primary coil, as shown 

in Fig. lO(b). 

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

circuits are formed, the magnetic fluxes from the middle 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 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 l~ge, the 

dimensions of the primary side and secondary side including 

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. lO(a), the magnetic 

· coupling between the primary coil 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 coil 2 becomes the 

inner diameter of the secondary coil 6 resulting in.the 

problems of an increase of dimensions of the secondary 

coil 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. lO(b), electrical contacts 

once eliminated by employing a non-contact stru9ture are 

used again, thereby bringing about the danger of failur~ in 

contacts and.also making it difficult to make the direct 

current power supply unit in a hermetically sealed construc­

tio~ 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 

~ difficulty for the magnetic switch 9a to tell distinctly 

the difference between a heat.prc;>ducing object other than 

the secondary enclosure Sa when the foregoing object is made 

of a magnetic substance and the like and t~e_secondary 

transformer that includes the secondary enclosure Sa, and 

the like. 

The present invention provides an inexpensive and yet reli­

able power supply unit whereby ~he 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 mad~ 

possible. 
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IV.· SUMMARY OF THE INVENTION 

In order to work out the foregoing prob1ems. a non-contact 

type power supp1y unit of the present invention comprises 

a primary coi1 to be fed with e1ectric c~rrents. and 

a secondary coi1 mounted opposite to the primary coil in 

an enc1osure that is different from an enclosure wherein· 

the primary coil is; mounted. whereby electric power is 

transferred from the primary coi1 to the secondary coil· 

and wh~rein a ferrite core is provided on the primary:- coi1 

extending from· the primary coil ·to the secondary coil •. 

thereby realizing a power supply unit with an enhanced 

electric power transmission capability and a _resu1ting 

large electric power output. 

V. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a construction of a transformer performing 

an important function in an exemplary embodiment of the 

present inven_tion of a power supply unit. 

Fig. 2 shows a construction ·of a transformer performing 

an impor~ant function in another exemplary embodiment of 

the present invention of a power supply unit. 

Fig. 3_ shows a construction of a transformer perform~ng 

an important function in still another exemplary embodiment 

of the present invention of a power supp1y unit. 

Fig. 4 is an exploded perspective view of a transformer 

performing an important function in stil1 another exemp1ary 
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·embodiment of the present invention of a power supply unit. 

Fig. 5 is a cross-sectional view of the transformer 

described in Fig. •· 

Fig. 6 (a) is a front view of . a secondary coil as used i·n 

a transformer performing an important function in still 

another. exemplary embodiment of the present invention of 

a power supply unit. 

Fig. 6(b) shows how the primary and secondary coils are 

constructed in the transformer as referred to in Fig. 6{a). 

Fig. 7(a) is a top view of a printed wiring board used 

as a secondary coil of a transf·ormer performing an important 

function in still another ~xemplary 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 _pr1.nted 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 transf orlner performing an important function 
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in another prior art power supply unit. 

Fig. lO(a} shows how the primary and secondary coils are 

constructed in a transformer perf~rming an important func~ 

tion in still ano·ther· prior art power supply unit. 

Fig. lO(b) ·shows how the primary and secondary coils are 

"constructed in a tri:tnsformer performing an important func­

tion in still another prior art power supply unit. 

VI. PREFERRED EMBODIMENTS OF THE INVENTION 

(Exemplary Embodiment 1) 

An exemplary embodiment of the present invention will be 

explained 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 mounted inside of a primary enclosure 

14 and the secondary coil 13 is mounted ins!de of a second­

ary -enclosur~ 15. 

An explanation will be made on how a non-contact type DC 

power supply unit const.ructed as described in the above 

perfonns. 

By the passage of high frequency electric currents through 

the primary coil 11, magnetic fluxes are produced. Almost 

all the foregoing magnetic fluxes.pass throug~ the ferrite 

core 12, which.penetrates the center of the primary coil 11. 

By having the above ferrite core 12 extended to the second-
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ary coil 13, it is made possible for the magnetic fluxes 

·produced by the primary coil 11 to be transferred-to the 
\ 

secondary coil 13 efficiently •. · 

Since the· foregoing ferrite core 12 is a rod type core 

forming an open magnetic circuit, it is extremely diffic:mlt 

for the ferrite core 12 to be magnetized to satu.ration, 

thereby enabling the ferrite core 12 to have a small diame­

ter and contributing greatly to a downsizing of ·the power 

supply unit. 

(Exemplary Embodiment 2) 

Fig. 2 shows another exemplary $111bodiment of the present 

invention. 

In general, the coupling between the prJ.mary coil and the 

secondary coil is very· poor with a non-contact type DC power 

supply unit, and little influence is impos.ed on the primary 

coil from the changes in condition of the secondary coil. 

Therefore, ·it has been extremely difficult for a primary 

coil 2·1 to detect whether a correct secondary coil was 

mounted or any other foreign object article was placed on 

the secondary side. However, by installing a detector coil 

26 at a position which is.off the primary coil 21 and closer 

to a secondary coil. 23 on a ferrite core 22 as shown in 

Fig. 2 so thc:ilt the detector coil 26 is hardly influenced.by 

the primary coil 21 and readily affected by the secondary 

coil 23, the· voltage induced in the detector coil 26 

.reflects the changes in condition of the secondary side 

since the detector coil 26 is more closely coupled with the 

secondary coil 23 than with the primary coil 21. 
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Because of the· above reason, by monitoring 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 ci.rcuit or some foreign 

object having low impedance-like a shorting ring. 

According to the output voltage 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· enclosure,· 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· 2, a~d the changes in 

condition of the secondary side are amplified, thereby 

enabling the detection of foreign objects to be performed 

readily and reliably •. 

As described in the.above, the exemplary embodiments of· 

Fig. 1 to Fig. 3 employ a slender ferrite core simply ar­

ranged to extend from a pr~ary 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. 
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In addition, with a version that has a detector coi1 provid­

ed to the ferrite core, it is 'made possible to realize an 

extreme~y.erafe non-contact type DC power supply, whereby 

detection of foreign objects is performed without using 

a mechanical switch, a magnetic switch and the like. 

(Exemplary Emboqiment 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

tain$ a primary bobbin 30 ·.with ·an I type core serving as 

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

and further a primary coil 32 is wound 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 provi·ded :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 construct­

ed as described in· the above performs will be explained. 

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 . 
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prior art, a short circuit of magnetic' fluxes is established 

between the middi~ leg and the outside legs of the E t:ype 

core. As proposed by.the present invention, use of an I type 

core as the primary core 31 eliminates the short circuit. 

of 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 secondary unit 38 and .return to 

the primary core31 on the cross-sectional surface of ·the· 

other end thereof. In other words, use of an I type core 

as the primary core 31 makes it easier for magnetic fluxes 

to pass through the secondary unit 38. 

Furthermore, in order for the magnetic fluxes to leave the 

primary core 31 in a centrally concentrated manner, the 

use of an I type core as .the primary core 31 is extremely 

effective. 

Since the magnetic· circuit is formed to establish an open 

magnetic circuit, magnetic fluxes leave the primary· enclo­

sure 33 in many directions. For. enhanced efficiencies, it is 

necessary for the opposing secondary unit 38 to pick 

up as many magnetic fluxes as possible by achieving magnetic 

coupling in a wide range. For achieving the foregoing, it is 

useful for the secondary unit 38 to employ a structure 

wherein ·an E type core ~s 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 

also the E. type secondary core 36 together with the second­

acy coil 37, as proposed by the present invention, makes the 
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construction of a power supply unit simple, · thereby allowing 

the po~er supply unit to be made smaller, and at the same 

time contributes to the realization of a non-contact type 

power supply unit of excel1ent efficiencies and high reli­

ability, whereby a larger output .. supply of power becomes 

achievable. 

(Exemplary Embodiment 5) 

Fig. 6 ·shows still another exemplary embodiment of the 

present invention. 

Fig. 6(a) shows how a secondary unit 40 is structured. 

A flat_T type core is ·used as a secondary core 41 and 

a secondary coil 42. i.E; wound around the protruding part of 

the T type core. 

Fig. 6(b) is a cross-sectional view of a transfo:r:Iiler that· 

is· formed of. a primary unit 43 and a secondary enclo-

sur.e 40 and performs an important function in ·a power supply 

unit. When hi~h frequency currents are fed to a primary coil 

44, the primary unit 43 radiates magnetic fluxes in the 

direction of the secondary unit 40. 

At this t~e, since the magnetic circuit forms an open 

magnetic circuit, the magnetic fluxes from the primary 

unit 43 are·radiated in many directions. 

In order to enhance ~ransmission efficiencies, it is neces­

sary tp have the magnetic fluxes from the primary unit 

43 converged_a~d as many magnetic fluxes as possible picked 

up by the secondary unit 40. Therefore, an I type core 

is used as a primary core 31 and a flat T type core is used 

as a ~econdary core 41, thereby realizing a structure where-
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in the magnet~c f1uxes radiated from the primary unit 

43 are converged and picked up by the entire surf aces of the 

secondary core 41. As a ·result. the transmission efficien­

cies are improved great1y and the thickness of the secondary 

unit 40 is allowed to decrease. 

The T 1etter cross•section flat core used as the secondary 

core 41 is a1lowed to have a configuration, the top surface 

of which can be circu1ar. c;>val, rectangular or polygonal. 

{Exemplary Embodiment 6) 

Fig. 7 shows s.till another exemplary embodiment of .the 

present invention •. which is the same as Exemplary Embodi­

ment 5 except that a secondary coil 45 is formed of a ~rint­

ed wiring board 46. 

Fig. 7{a) shows the upper 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

spec:tively. 

As shown i~ the foregoing drawings,. concentric coil patterns 

47 are formed on the upper and lower surfaces of the printed 

wiring· board 46 andthe upper surface and 1ower surface 

patterns 47 are connected with each other by means of a 

through ho1e 48 iocated towards the inside of the coil 

patterns 47• 

Accordingly~ the coi1 patterns 47 can pick up_ magnetic 

fluxes radiated from a primary unit in the sam~ way 

as a genera11y 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 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, 

single-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 r~alize a flat type secondary coil having a simple ~on­

struction with the resulting realization of an efficient 

non-contact type power supply unit having a high degree of 

reliability and contribution t.o a downsizing of .t.he equip­

ment wherein the power supply unit is incorporated. 

In addition, since the outside magnetic l~gs 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 

As described in the foregoing, the present invention.can 

provide a power supply unit that achieves an excellent 

power transmission efficiency with a simple .construction, 

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. 
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Particularly, a version 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 version provided with a· tertiary coil that is. 

located on the foregoing ferrite ~ore 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 tertiary coil having 

a capacitor connected across both ends thereof can 

amplify the changes in condition of the secondary side, 

thereby conducting the detection of foreign objects more 

accurately. 

Still another version with an I type core used in the 

primary coil and an_E type core used in the secondary coil 

can contribute to a downsizing of the power supply unit 

and can realize a large power output. 

Still another version w1th an I type core used.in the 

primary coil and a T type core used in the secondary coil 

can realize.a further.downsizing of the power supply unit 

and can contribute to a cost reduction by requiring no 

core material for outside legs that would have been needed 

with an E type core. 
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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 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 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 co:r;e 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 i·s 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 prim~ry 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 secopdary 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: 
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a primary coil to be fed with electric 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 said primary co11· is structured so, as to have a pri­

mary coil. wound around an I type core and said secondary coil 

employs a flat T type core provided with a secondaryary coil 

or a printed wiring board with coil patterns formed thereon 

around the protruded part of said T type core. 
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