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FIELD OF THE INVENTION |
The invention relates to a multi-layered printed wiring board (PWB),
and more particularly to a multi-layered printed wiring board on which circuit
elements such as a transistor, an integrated circuit (IC) and a 1arge scale integrated

circuit (LSI) are mounted.

DESCRIPTION OF THE RELATED ART

It is well know in the field that a multi-layered printed wiring board on
which circuit elements such as a transistor, an integrated circuit (IC) and a large
.scale integrated circuit (LSI) are mounted generates electromagnetic noises which
causes malfunction of an electronic device in which the multi-layered printed
wiring board is incorporated or other electronic devices. |

Such electromagnetic noises are quite often caused by radiation, which
is so-called common mode, to be generated due to either a current to be generated -
by parasitic capacitance or parasitic mutual inductance of a circuit or a high
frequency current to flow into a power supply line. Since the generation
mechanism of the radiation is complicated, there was no effective measures to be
taken in the vicinity of a radiation source. Thus, there has been conventionally
used a metal box in which an electronic device is contained for
electromagnetically shielding.

Fig. 1 ﬂlustrates one of conventional measures for preventing
electromagnetic noise. There has been conventionally used a decoupling
capacitor 4 connected in parallel with and in the vicinity of an IC/LSI 3 connected
between a power supply line composed of a powéf supply line 16 and a ground

line composed of a ground layer 17 of a printed wiring board. Herein, the IC/LSI
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generated by parasitic capacitance or parasitic nmiutual inductance of a -
circuit or a high frequency current to flowinto a power supply line. Since
t he generation nechani smof the radi fionis conplicated, there was no

effectiggs l&ﬂﬁﬁit&@%ftlﬁ?hefrbqﬁéﬂbyi Ppowee su%')pl'ynhﬁtfeﬁi. A hagh sfré@uie &éWer Thus,
t here has been conventionally Used a netal box in which an el ecfronic

devi ce $upplynuaterdigéneratededue torsyitchingbperatinneofitheylC/LSI 3 and rufning 1
Il lustrates gne_  of conventional neasures _for preventing el ect rorragn%t\i C
e

noi se. mlhébeb%weéoﬁﬁﬁﬂb’i daer| %6 utfe bypassedotp| 2 r@rgwhdmeug |

d | | lel. with, i cipit i .3 t
bet weendScRIGHE SaBBFIST i o, isiatisr of Bisde LS y pridition aRAREES  ound
: 'C/“‘ESIC ORI af'a PoWSdpPly terlirfl oF tREHEYEST % Whildh %ggefrféralé%géillés' to, the

source gfe mﬁhhfﬁgeﬂg&'ﬁibm/mwpﬁé&ngl&epﬁégsedﬁ_ hi gh frequency power
supply current generated due to switching operation of the IC LSI 3 and

runni ng t Theugbwtebe sppplyr linppley dctingr a6 ai powgrasappht oline giruad

thr Oughcégsentional multi—layeréd printed wiring board is a complefe planar layer
composed of complete electrically conductive material such as copper. This
maximizes a plane through which a current runs and thus minimizes electrical
resistance in a power supply line, thereby providing the effect of depressing the
fluctuation in dc power supply voltage.

However, the above mentioned conventional multi-layered printed
wiring board has a problem that a designer cannot control a high frequency
power supply current accompanied with the operation of IC/LSI and flowing into
the power supply layer through the decoupling capacitor.

Spécifically, in a complete planar layer, since a power supply layer has a

. .small impedance therein, a high frequency power supply current from an IC/LSI - -

flows into not only a decoupling capacitor disposed in the vicinity of a certain
IC/LSI, but also decoupling capacitors disposed in the vicinity of other IC/LSIs.
Thus, the high frequency power supply current was distributed quite
complicatedly in an entire multi-layered printed wiring board, and hence it was
very difficult or almost impossible to analyze the distribution of the high
frequency power supply current. Accordingly, it was impossible to determine
optimal capacitance of a decoupling capacitor associated with each of IC/LSs.

Since the power supply layer makes a complete planar layer itself, a
high frequency power supply current flowing into the power supply 1ayer runs
along complicated routes, and often forms a large loop, which might cause

electromagnetic radiation and immunity degradation.
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is determined in accordance with a high frequency power supply current running
from the IC/LSIs 3c to 3e. This circuit has problems as follows. .

Since the decoupling capacitor 4f disposed in the vicinity of the IC/LSI
3e has a greater impedance than the other decoupling capacitors 3c and 3d, for
instance, all of high freqﬁency power supply current derived from the IC/LSI 3e is
not bypassed to the ground line 17 through the decoupling capacitor 4f, and thus -
a part of high frequency power supply current flows into. the IC/LSI 3c or 3d,
which makes a large current loop area. As a result, there may occur a problem
that electromagnetic noises are increased, and accordingly the immunity is
degraded. N

In the case that the high frequency power supply current derived from
the IC/LSI 3e is not bypassed through the decoupling capacitor 4f disposed in the
vicinity thereof, the introduction of the high frequency power supply current
into other capacitors causes that an impedance is increased in a line where the
high frequency power supply current is to run. As aresult, the fluctuation in ac
voltage is enlarged, which exerts a harmful influence on stable operation of the

IC/LSI 3e itself.




.along conplicated routes, and often fornms a |arge | oop, which m ght cause
el ectromagnetic radiation and i nmunity degradation.

3 For instance, as illustrated in Fig. 2, suppose a circuit
including an LSl 3c from which thevﬁreat est high frequency power supply
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frequency power Fhnp)as explained éalies thefe hasbean corteslioRglly ey b he
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~ ground patterns on a circuit board is made as a ground pattern to be used for a

noise removing filter. The one of ground patterns is connected to a ground
section of a circuit element located closest to a noiée source.

| Japanese Unexamined Patent Publication No. 4-302498 published on
October 26, 1992 has suggested a printed wiring board including insulating layers
formed on circuit patterns and electrically conductive layers to be connected to a
ground pattern, thereby preventing occurrence of radiation of high frequency
noise derived from signal lines.

Japanese Unexamined Patent Publication No. 4-3489 published on
January 8, 1992 has suggested a method of forming transmission lines on a

_. printed wiring board. The method includes the steps of forming a pattern on one
of surfaces of a substrate, forming an insulating layerlwith which the pattern is
covered, depositing an electrically conductive layer over the insulating layer to
thereby define a transmission line with the pattern, insulating layers and
electrically conductive layers, and removing copper foils deposited on the other
surface of the substrate which foils may exert an influence on the transmission

 line.

]apanesé Unexamined Utility Model Publication No. 4-43016 published
on April 13, 1992 has suggested a print filer comprising a film printed on upper
and lower surfaces thereof in the form of coil and capacitor wiring patterns, and
magnetic substances deposited on the upper and lower surfaces of the film to

thereby establish a coil having a closed magnetic pass.
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Since the decoupling capacitor 4f disposed in the vicinity of the ICLSI 3e
has a greater inpedance than the other decoupling capacitors 3c and 3d, for
i nstance, all of high frequency power supply current derived fromthe

|G LSl 3e is not bypassed to the grotgd line 17 through the decoupling
capacitor 4f, and thus a part of high frequency power supply current flows
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Thus, as explained earlier, there has been conhventi onaif%/ aused
a box i rompound inductor composed of a layered structure of magnetic substance and
conductive material and a compound capacitor composed of a layered structure
of dielectric material and conductive material are overlapped to define a single-
piece substrate. The substrate is formed with a recessed portion on which the
electronic parts are to be mounted.

]apdnese Unexamined Patent Publication No. 64-25497 published on
January 27, 1989 has suggested an inductance element including a first electrically
conductive layer formed on an insulating substrate, a magnetic substance layer
formed over the first electrically conductive layer, and a second electrically
conductive layer formed on the first electrically conductive layer, covering the
magnetic substance layer therewith.

Japanese Unexamined Patent Publication No. 63-300593 published on
December 7, 1988 has suggested a ceramic compound substrate comprising a first
magnetic sﬁbstance substrate having a certain magnetic permeability, a coil
pattern made of electrically conductive material and printed on the first magnetic
substance éubstrate, and having at distal ends internal electrodes to be connected
to another circuit, and a second magnetic substance substrate formed on the coil
pattern and cooperating with the coil pattern and the first magnetic substance
substrate to establish an inductance element having a certain value of
inductance.

Japanese Unexamined Utility Model Publication No. 61-173167
published on October 23, 1986 has suggested a compound inductor substrate .

including a plurality of inductance elements composed of a layered structure of 8-
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SUMMARY OF THE INVENTION
In view of the foregoing problems of the prior art, it is an object of the
present invention to provide a multi-layered printed wiring board which is
capable of decreasing a high frequency power supply current which is generated
due to operation of an IC/LSI and is to flow into a decoupling capacitor.
Another object of the present invention is to provide a multi-layered
... printed wiring board which is capable of controlling a high frequency power .
supply current generated due to operation of an IC/LSI which current is to flow
“into a power supply layer and causes radiation noise.
A further object of the present invention is to provide a multi-layered
printed wiring board capable of stably operating IC/LSIs mounted thereon.
A still further object of the present invention is to provide a multi-
layered printed wiring board capable of remarkably reducing radiation noise.
~ There is provided a multi-layered printed wiring board including at
least one power supply layer, at least one ground layer, at least one signal layer,
and insulators sandwiched between the layers, characterized by that the power
supply layer is provided with a circuit in the form of wirings for imparting

impedance thereto.




on April 13, 1992 has suggested a print filer conprising a filmprinted on
upper and | ower surfaces thereof in the formof coil and capacitor wring
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containing insulators are insulators having only dielectric characteristics.

The ground layers are preferably complete planar layers having no
wirings and holes thereon except through holes and via holes. This
advantageously ensures a minimum return path of a signal line, namely a
minimum route of return current.

The circuit for imparting impedance is composed preferable of line
patterns providing a greater inductance in limited regions than an inductance to

~ be generated in other regions. In addition, it is preferal;le that the impedance
imparting circuit is éomposed of at least one of winding, intersecting and spiral '
line patterns. Such patterns adv.antageously ensures a longer line length.

It is preferable that the insulators sandwiching the supply layer
therebetween is made of Sendust powder, NiZn family sintered ferrite 01" mixture
of ferrite powder and resin.

As mentioned above, a multi-layered printed wiring board in
accordance with the present invention is characterized by that the power supply
layer is provided with a circuit in the form of wirings for imparting impedance
thereto. For instance, the impedance imparting circuit may be formed as a
winding or meandering line pattern 11 as illustrated in Fig. 6A. The winding
line pattern 11 has a longer line length than a straight line pattern simply
connecting two points with each other. Since an inductance of a line patternisin
proportion to a line length, the impedance imparting circuit having the winding
line pattern 11 can have a greater inductance than a circuit having a straight line

pattern. As a result, it is possible to have a greater inductance without using any
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The spiral line pattern may be in direct connection with the power
supply layer at one end and is in connection with the power supply layer at the
other end through one of the ground layer and a surface layer.

In other words, on establishing the spiral line pattern 13, it is necessary |
that a wiring starting from an internal end 18 of the spiral line pattern 13 is .
extended to a ground layer through a via hole and to form a line pattern in a line
length as short as pdssible, or that a wiring is extended through a via hole to a
surface layer on which an electronic element is mounted and is connected on the
surface layer to a capacitor under a low impedance, and then is extended back to a
power supply layer.

Comparing a conventional complete planar power supply-layer to a- -
power supply layer of the present invention to which the impedance imparting
circuit is provided, the power supply layer of the present invention to which the
impedance imparting circuit is provided is characterized by that a designer can
identify a pafh in which a current runs, and that it is possible to determine an
optimal decoupling capacitor for each of IC/LSIs as a source of high frequency
power supply current. |

The impedance imparting circuit may be in the form of an intersecting
or ctoss type line pattern 12 as illustrated in Fig. 6B. As an alternative, the
intersecting line pattern 12 may be used in combination with the winding line
pattern 11 and/or the spiral line pattern 13. The intersecting line pattern 12 is

simplification of the winding line pattern 11. It should be noted that a shape of a.
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I nduct ance el enents being arranged transversely of the figure 8s, the
magneti ¢ substance | ayer being formed with a groove extending transversely
of the figure 8s across cross-points of the figure 8s. - Japanese
Unexamnined Utility Model Publicatior®No. 61-38970 published on March 11,
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magnetic layer 15, and "d" denotes thickness of the magnetic layer 15.
| Thus, suppose that the power supply layer on which the impedance

imparting circuit is formed corresponds to the metallic plate 14 in Fig. 7, it is
possible to increase an impedance Z of the power supply léyer by making the
insulators sandwiching the power supply layer therebetween of magnetic
material containing magnetic substance corresponding to the magnetic layer 15.
As a result, it is possible to incfease a line impedance of the power supply layer,
and increase a wiring inductance of the power supply layer by the magnetic layer
15. _

Hereinbelow will be explained a reason for providing wiring
distributed inductance of the power supply layer by means of the impedance
imparting circuit. As illustrated in Fig. 9, suppose a circuit including an IC/LSI 3¢
from which the greatest high frequency power supply current is to run, an IC/LSI
3d from which the second greatest high frequency powef supply current is to run,
and an IC/LSI 3e from which the smallest high frequency power supply current is
to run, which IC/LSIs are connected to both a power supply line 16 and a ground
line 17 in parallel. The illustrated circuit also includes a decoupling capacitor 4d
disposed in the vicinity of the IC/LSI 3c and having the greatest capacitance and
hence the smallest impedance Z, a decoupling cabacifor 4e disposed in the

vicinity of the IC/LSI 3d and having the second greatest capacitance and hence



A still further object of the present invention is to provide a nmulti-

| ayered printed wiring board capable of remarkably reducing radiation
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If the inductances 10a to 10c are not disposed in such a manner as
1llustrated in Fig. 9, since the decoupling capacitors 4d to 4f have different
impedances, for instance, the decoupling capacitor 4f disposed in the vicinity of
the IC/LSI 3e has the greatest impedance, all of high frequency power supply
current derived from the IC/LSI 3e is not bypassed to the ground line 17 through
the decoupling capacitor 4f, and thus a part of high frequency power supply
current may flow into the IC/LSI 3¢ and/or 3d. Namely, only the decoupling
capacitors 4d to 4f cannot isolate the IC/LSIs 3c to 3e from one another in terms of
high frequency.

On the other hand, by providing the inductances 10a, 10b and 10c to the

- power supply layer 16, as illustrated in Fig. 9, it is possible to cause high frequency
power supply current derived from the IC/LSIs 3c to 3e to bypass through the
decoupling capacitors 4d to 4f disposed in the vicinity thereof to thereby make a
current loop small and thus prevent the high frequency power supply current
from flowing into the other IC/LSIs. As a result, the IC/LSIs 3c to 3e can be
isolated from one another in terms of high frequency.

It is preferable that the power supply layer includes main wirings for
distributing a dc current entirely to the printed wiring board with a dc voltage
drop being depressed, and branch wirings for enhancing high frequency
impedance to isolate circuits in terms of high frequency, which circuits are
mounted on the multi-layered printed wiring board and operated independently

with each other.



advant ageously ensures a mninumreturn path of a signal line, nanmely a

m ni mumroute of return current. The circuit for inparting

i npedance is conposed preferable of |ine patterns providing a greater

i nductance in limted regions than anji nductance to be generated in other
regions. In addition, it is preferable that the inpedance inparting circuit

i s conposed of dthe saslti-lnyered pinteidngviring dosed tpreferably incluges| anfirst
patterns. Sych patter adyant agepusly ensures._a jonger |[ine |ength
It is pFRPAta ‘Jént“ﬁS'iegtSWea Junshon F'é”é%’h%ﬂﬁ*bﬁﬁs e iPWé‘CEdﬁmﬂ}gﬁ reach of
t her ebetyween ' f. Sendust powder... NiZn famly. sintered ferrite.or
it ur o ooy BAS s, BRI NS Yutabi Bor MERUsE iy RpbiFE ipp1y
mul ti-| | AN 0 i | avent i on
s char CPieR d-BLRUAMET of B OG it G f LR0GRA NaphckGh AfeREila 8187 |
in the {@nekioh betwesl thé iaindd brawch WREHASES ARRRIOoph1Ation o fHitCRrstt he
| npedance inparting circuit may be fornmed as a w ndi ng ‘'or neandering |ine
patterncdpacori | lustrated in Fig. 6A. The winding line pattern 11 has a
| onger line length than a straight line pattern sinply connecting two
poi nts with eachhst heanchswitimgsncar te e aboysmangntipaed rircuit for
proportion ta a lLine . Jength,. the inpedance ijyparti.ng circuit vi ng,.t he
b nai ngPAEBpg, pRdased, THy Brst BRdaserond dapciits Fith be SREREPNayi ng
a strai g&aéﬂd}ﬁ pattern. As a result, it is possible to have a greater
i nduct anceé W t hout using any

It is preferable that the magnetic substance containing insulators have

magnetic permeability having both a real number part which is not decreased in
a predetermined frequency band and an imaginary number part which has
uniform characteristics in the predetermined frequency band. Namely, as
illustrated in Fig. 84, it is preferable that the real number part g1 of the magnetic
permeability g of the magnetic substance containing insulators tends to be
decreased in a small degree at a frequency greater than a predetermined frequency

. and the imaginary number part sy of the magnetic permeability x4 tends to be
_increased in_a small degree at a frequency greater than the predetermined
frequency. Herein, the predetermined frequency may be selected. to be a few
hundred MHz, as illustrated in Fig. 8A.

The reason for using the above mentioned magnetic substance
containing insulators is that when there cannot be obtained a sufficient
distributed inductance by the above mentioned impedance imparting circuit, the
use of the above mentioned magnetic substance containing insulators provides
an advantage of increasing the distributed inductance in proportion to the real

_ number part p; of the magnetic permeability g. It is necessary for the real
number part p; of the magnetic permeability 1 of the magnetic substance .
containing insulators to have small drop-tendency at a frequency greater than a

few hundred MHz in order to isolate high frequency power supply currents



8 elements. When a great l|'ine inductance is necessary to
establish, but there is areal restriction in a printed wiring board, it is

advant ageous to adopt a spiral line pattern 13 as illustrated in Fig. 6C
An inductance is increased in proporthen to a line length in the w nding
line pattern 11, whereas the spiral line pattern 13 advantageously provides

an i ndudteming frenpdCH bSlsitorpawerssupply veirisigstinctenmsinfrhigh frequendyrambonag
spiral. . . The spiral _line pattern may be i.n direct connection wth
the powsHCYspISPIRR ot oi{é and/ G other; ckiganelements; end; HeonsHsRed |
supply lLayer at the,other..end through one of the ground | ayer and a surface

| ayer. m&epemtien{]?'f%q th\??/B'rds, on establishing the spiral line pattern

13, it is neces h L Ik N : ' f l.nie d . 1 he ;
spiral line pattigl:l 3rllthtf36)t|thse€i‘e%?%ﬂg!#fdghdgs %%%gi%uﬁgm%e E%thég%ghﬁ{a% \l}lq%rﬁ%}cte and i
to for mp'trhie'ABﬂW? IftheNmaghtH€ slibitghée ésntahitink BSulfAbed ALS asA rdsiktbr,a
wiring i's extendéd through a via hole to a surface |ayer on which an :
el ect r orinel kdsarbuh ctisn wf detredsimghn impedanced aih high frequendyoppositely tba a

capaci tor under a |ow inpedance, and then is extended back to a power

suppl y Ifupstion of compensafing dpnpm induetanceonaihusenid| ist aepessanyr fpovidee
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present tLH&&W & Er%q%ﬁ&hgfeg?er than a few hundred MHz.
| It is preferable that the magnetic substance contained in the insulators
has hysteresis characteristic which is not saturated, but excited with a dc current
running through circuits mounted on the multi-layered printed wiring board
and operated independently with each other. In other words, the insulators may
preférably contain magnetic substance having both relatively great saturation
magnetic flux density Bs and relatively small residual magnetic flux density Br,
and also having a characteristic that independent circuits mounted on the multi-
layered printed wiring board can be excited with a certain amperes of current, for
instance, a few amperes of current. Namely, it is necessary that the. hysteresis
characteristic in magnetization curve called B-H curve as illustrated in Fig. 8B is
not saturated, but able to be excited with a certain amperes of current, for
instance, a few amperes of current. In Fig. 8B, an ordinate axis B indicates
magnetic flux density, and an abscissa axis H indicates magnetic field which is in
proportion to a current.
As a high frequency power supply current to run through the
impedance imparting circuit, a high amperes of current may run in a moment | Il
like a through current which would be generated at switching operation of
IC/LSL In such a case, the magnetic substance containing insulators have to be
able to be excited.

The above mentioned present invention provides various advantages



| npedance inparting circuit is provided is characterized by that a designer.
can identify a path in which a current runs, and that it is possible to
determ ne an optimal decoupling capacitor for each of ICLSIs as a source
of high frequency power supply current The i nmpedance inparting
circuit may be in the formof an inter&gcting or cross type line pattern 12
as illushgpliesvn Fig. 6B. As an alternative, the intersecting line pattern
12 may be used in conbination with the winding line pattern 11 and/or the
spiral line patt&nacdddahbewith the presend ihvertipnf a eelatively greitripdiukctareei on
of the winding line pattern 11. It should be noted that a shape of a

| i ne pat canbejestabdished withgut usrtngo%m' elementsdyprovidingsa posyertssipply layer
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flow into decouplmg capacitors mounted in a wide area.

In addition, in accordance with the present invention, a designer can
identify a path in which a current runs into a power supply layer, and hence it is
possible to determine an optimal decoupling capacitor for each of IC/LSIs as
sources of a h1gh frequency power supply current.

By making insulators sandwiching a power supply layer therebetween
of insulators containing magnetic substance, it is possible to make an impedance
of a power supply layer greater to thereby enhance the above mentioned effect,
and it is also possible to determine optimal capacitance of decoupling capacitors
for each of IC/LSIs to thereby make it easy to decrease ac voltage fluctuation at a
power supply terminal of IC/LSIs. As a result, each of IC/LSIs can operate stably.

In accordance with the present invention, the filtering effect of the

.. decoupling capacitors can be enhanced by providing a power supply layer withan - -
impedance imparting circuit. Thus, it is possible to depress occurrence of
radiation noises. In addition, the impedance imparting circuit cooperates with
the magnetic substance containing insulators sandwichiﬁg the power supply
layer therebetween to thereby remarkably depress electromagnetic radiation
derived from a multi-layered printed wiring board.

The above and other objects and advantageous features of the present
invention will be made apparent from the following description made with
reference to the accompanying drawings, in which like reference characters

designate the same or similar parts throughout the drawings.



Z=Psd+j [err]([err]- 1)d wherein "Psd" denotes an inpedance caused by skin
effect, "j [err]([err] - 1) d" denotes an inpedance caused by the magnetic
| ayer 15, "[err]" denotes nagnetic perneability of vacuum "[err]" denotes
relative magnetic permeability of the,magnetic layer 15, and "d" denotes

t hi ckness of the magnetic | ayer 15. : Thus, suppose that the power
supply | BREEF HESCRIITION OF THEDRAWINGSi ng circuit is formed corresponds
to the netallic plate 14 in Fig. 7, it is possible to increase an inpedance
Z of the power sﬁigp-ll)is p sghemptic Nwriﬂustretihgsalmut\mmimmiohﬁmﬁt ntg_ludimga@mer
supply | ayer therebetween. of nefic,material containing nagnetic .
suggt gnc‘gg Hlb‘%fﬂﬂﬂ%raéﬁﬁ‘ﬁ gﬁéﬁ\%i"i‘%}mtﬁ_ﬁﬂcﬁ&ﬂ-% aresult, it is
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including an 1L c fromwhich the g est hi frequency power supply

current pxnted rwiringrboa@l LiBad@dirf raccondaincd with tiee hdt wabbditheht UF the
frequency power supply current is to run, and an C/LSl 3e from which the
snal | estPISSERt Mgy power supply current is to run, which IC/LSIs are

' d d.li 17 i Il el.
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Fig. 5 is a schematic view illustrating a power supply circuit mounted

on a multi-layered printed wiring board made in accordance with the present
invention.

Figs. 6A, 6B and 6C are plan views of circuits for imparting impedance.

Fig. 7 is a perspective view of a layered structure for explaining the
functions of the présent invention. _

Fig. 8A illustrates relationship between magnetic permeability and

- frequency in magnetic substance to be used in the present invention.

Fig. 8B illustrates relationship between magnetic flux density and
magnetic field in magnetic substance to be used in the present invention.

Fig. 9 is a plan view illustrating an example of a circuit to which the
present invention is applied.

Fig. 10A is a graph showing depression effects against radiation
magnetic field in a substrate to which the present invention is not applied.

Fig. 10B is a graph showing depression effects against radiétion
magnetic field in a substrate to which the present invention is applied.

Fig. 11A shows the result of measuring magnetic field in a board to
which the present invention is not applied. |

Fig. 11B shows the result of measuring magnetic field in a board to




vicinity of the 1CLSI 3d and having the second greatest capacitance and
hence 10 the second snal | est

i npedance Z, and a decoupling capacitor 4f disposed in the vicinity of the
| & LSI 3e and having the snmallest ca gci tance and hence the greatest

| npedance Z. The capaci tance of thesi |C/LSIs is determned in accordance
wth a f rent running fromthe ICLSls 3c to
3e. The%ﬁr%u?‘?qﬁ' 1?13'}[@21 iﬁ%‘éﬂﬁ%{l s different fromthe circuit
illustrated in Fig. 2 in that i nduct ances 10a, 10b and 10c are di sposed
between the IC/LSIs 3c to 3e and a voltage supply 18, respectively.

| f the DESCREIFTION OETHE PREFERRED EMBODIMENTS such a manner as
i.llustrated in Fig. 9, since the decoupling capacitors 4d to 4f have

di fferent i npeddscHbysttatediinsFigndea mualdmwadl printedapdringdroard madpdaed i n
the vicinity of the I 3e hags, the greatest inpedance, all of high
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insulators 8 and 9 sandwiched therebetween.

Specifically, there are deposited a signal layer 5, a ground layer 6, a

signal layer 5, a signal layer 5, a ground layer 6, a power supply layer 7, a ground
layer 6 and a signal layer 5 from a summit to abottom in this order. Between the

= signal layers 5 and between the signal layer 5 and the ground layer 6 are

' :._ sandwiched the insulators 8 having only dielectric characteristicc whereas

" "insulators sandwiching the power supply layer 7 therebetween are insulators 9
containing magnetic substance. For instance, the insulators 9 contain Sendust
powder, NiZn famjlir sintered ferrite or mixture of ferrite powder and resin as

_, magnetic substance.

As illustrated in Fig. 3, the power supply layer 7 is provided thereon

4

K] w1th a main wiring 1 and a plurality of branch wirings 2. The main wiring 1 is
a patterned with copper foil and is made for the purpose of distributing a dc current
to the whole printed wiring board with a dc voltage drop being depressed. The
branch wirings 2 are made for the purpose of enhancing high frequency
impedance in order to isolate circuits 3 with respect to high frequency. The
circuits 3 are mounted on the multi-layered printed wiring board and operated
independently with each other. The branch wirings 2 of which the impedance
imparting circuit is constituted include a combination of the winding line pattern
11 illustrated in Flg 6A and the intersecting line pattern 12 illustrated in Fig. 6B.
A first decoupling capacitor 4 as a first capacitor is connected under a

low impedance to a junction between each of the branch wirings 2 and each of



hi gh frequency. On the other hand, by providing the inductances
10a, 10b and 10c to the power supply layer 16, as illustrated in Fig. 9, it
i s possible to cause high frequency power supply current derived fromthe
|G/ LSIs 3c to 3e to bypass through tjge decoupling capacitors 4d to 4f

di sposed in the vicinity thereof to thereby nake a,current |oop small and
t hus prtheindependenihciteuitiudn c'i‘;hqoﬁw,zird@ngptp{ipgcmpa@twr firisrauitable dgr higly t he
other I1C/LSIs. As aresult, the |CLSIs 3c.tp 3e can be isolated from one
anot her MeAUEBEYsPBYVERi éHPPIYech‘:’éﬁ%’V. aracteristic | of itgepﬁs;%%l%ts&e et the

Ly d i nel ud i n_Wi i for distsibuting. a d t
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q ! . ! . ed
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the nul écondy deeskpling c@facitori AOhBO Al fintHidnOPL hsdistihg RPRPLROR Uf| theWditst each

ot her. he nmulti-layered printed wiring board preferably
i ncl udedeeptdpling capadtartdor connected to a junction between each of the
branch wirings %’rl]lg cei?c%?tsOSf considered independent from one another is constituted
of IC and/or other active elements. In Fig. 3, the circuits 3 and decoupling
capacitors 4, 4a are mounted not on the power supply layer 7, but on a surface
layer, and are electrically connected to the power supply layer 7 through via holes
(not illustrated).

The use of the magneﬁc substance containing insulators 9 sandwiching
therebetween. the power supply layer 7 on which the impedance imparting circuit
in the form of wirings is formed makes it possible to increase a line impedance of
the power supply layer 7 relative to a conventional complete planar power
supply layer. In addition, the use of the insulators 9 containing magnetic
substance therein enhances a line inductance of the power supply layer 7.

. Herein, suppose a power supply circuit as illustrated in. Fig. 5... The
circuit includes IC/LSIs 3a and 3b each of which is connected between a power
supply line constituted of the power supply layer 7 and a ground line constituted
of the ground layer 6, decoupling capacitors 4a and 4b connected between the

~ power supply line 7 and the ground line 6 and in parallel with the IC/LSIs 3a and
3b, respectively, and a decoupling capacitor 4c connecfed in series to both the
decoupling capacitors 4a, 4b and the IC/LSIs 3a, 3b and grounded. It is possible to
have the distributed inductance 10 by means of wirings of the impedance
imparting circuit formed on the power supply layer 7 by establishing the circuit
illustrated in Fig. 5 on the above mentioned multi-layered printed wiring board.

The distributed inductance 10 cooperates with the decoupling

capacitors 4a, 4b and 4c to constitute a filter to thereby depress a high frequency

|



the circuits, the first capacitor being suitable for high frequency power
supply current characteristic of the circuits, and a second capacitor
connected to a junction between the nain and branch wirings for assisting
operation of the first capacitor. 34 The branch wirings correspond to
the above nentioned circuit for i ar;inﬂ i npedance, The first and second
capaci t qpewengupplydcagser awgmqmgg woith the operation of IC/ ISl andf o wing inteat

t he magneti c ‘'subst ange,. cont ai ni | nsul at ors have gnet . rmeability
havi ng_DDEPAnFESHPRGRBES. Sante My inocsangs Vel ok B AftributL ettt
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in Fig. Gfeuit folred'oH %@&Jo@véﬂ”@ﬁwgﬂﬁégy‘ﬁaﬁ, iE'EHTES:ﬁsilSl%rtTo d&lekniftb d d&sired
magnetic perneability [err] of t netic substance containing Insulators

t ends t ocdistalticofetheatbove mentidnleddéigerce at a frequency greater than a -

predeterm ned frequency and the inmagi nary nunber part [err] of the nmagnetic

perneabi | ity [ erFhus,édyddisposimg theodecouplingrcapaciteors| 4adangd db intparallelewitincy

greater than the predeternm ned frequency. Herein, the predeterm ned

f r equencihend(s/ bélss Speandd 3bo cpying omth swdichingpperadion, | Hisis fpessible v g.
son
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proportion to the real nunber part [err] of the magnetic perneability
[err]. |depresselretiomagriatic tddiatien|derived from the multi-layered printed wiring
board. Accordingly, it is also possible to depress electromagnetic radiation
externally leakéd out of a conventional metal box, and as the case may be, it is no
longer necessary to use a metal box. ‘
| It should be noted that the present invention is not to be limited to the
above mentioned embodiment. For instance, the impedance imparting circuit
may be made in the form other than those illustrated in Figs. 6A to 6C. The
number of layers in the multi-layered printed wiring board and the structure of
each of the layers are not to be limited to those illustrated in Fig. 4.
Figs. 10A and 10B show the results of measuring radiation magnetic
field derived from én electronic device, specifically an engineering work station
(EWS). Fig. 10A shows the result for a printed wiring board having a complete
planar power supply layer, and Fig. 10B shows the result for a printed wiring
board having a power supply layer provided with an impedance imparting circuit
in accordance with the present invention.
Comparing the result of Fig. 10B to the result of Fig. 10A, it is found
out that the spectrum (320 MHz, 360 MHz, 480 MHz, 800 MHz, 920 MHz) at
multiplied clock frequency (40 MHz) is remarkably depressed, and ~thus

electromagnetic radiation is surely reduced.



nunber part [err] of the magnetic perneability [err] of the magnetic

subst ance containing insulators to have small drop-tendency at a frequency
greater than a few hundred MHz in order to isolate high frequency power °
supply currents L 18 12 flowing from
|C/LSIs to power supply wirings in terns of high frequency anong circuits
conposed of |C afifsollAtdret 1Hs show thearesnits od measiiifiigl aearby magpetiddield of
each other. . On the other hand, the_ inmaginary nunber part _[,eri] of
t he magnprofilescobtaingd by ycqnning amagretih ield measysing prebe gn: an Mrigina

I nsul ators % S as a resi or1 and has a fuynction o ?Pecr& ' n .
irrpgadgnc OgF aﬁ}%a@&ﬁ}g PBBEERIWET SPREYY 24 e 878 2§%€3Yﬁ%afor
an i nductance. T Tadr ke | : e | | : afd: of
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frequencyhgiRaherebHRYoR the Writdnall BshriHvhereas Fig. 11Blhows thesfegtitofoe that
t he magneti ¢ substance contaired in the insulators has hysteresis
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i corresponding to a two times wave of a clock frequency (40 MHz). In Figs. 11A
and 11B, deep colored areas indicate areas having high magnetic field intensity,
and lighter colored areas indicate areas having smaller magneﬁc field intensity.
In Figs.11A and 11B, there are disp.osed CPU and a large LSI as noise sourées ata
left and lower deep-colored portion. |

Comparing the nearby magnetic field profile illustrated in Fig. 11A to
that of Fig. 11B, it is found out that the nearby magnetic field profile of Fig. 11B
has greater magnetic field intensity at a left and lower portion at which CPU and
a large LSI are disposed, and has smaller magnetic field intensity at a right and
upper portion (namely, diffusion to surroundings is reduced).
______This means that a high frequency power supply current derived from
CPU and/ or a large LSI acting as noise sources are efficiently bypassed to a ground -
line through the decoupling capacitors disposed in péra]lel with the CPU or LSI,
and hence a current to flow into other LSI/ICs is reduced. Thus, it is proved that
decoupling effect caused by isolation of LSI/ICs from one another by means of

wiring is enhanced.



preferably contain magnetic substance having both relatively great
saturation magnetic flux density Bs and rel at+vety—sraHH—+est+dual magnetic

flux density Br, and al so having a characteri sf j ent circuits
nmounted on the nmulti- layered printed ygring bH‘ﬂ iﬂ" mgﬂﬂed with a
certain anperes of current, for instance, a feWws € s ent. Nanely,

it is neCBAIMS: that the hysteresis characteristic in nmagnetization curve .
called B-H curve as illustrated in Fig. 8B is not saturated, but able to be
excited with a certain anperes of current, for instance, a few anperes of

current. In Fig, 8B...3n _ord nat I 5.8 iindi ti LEY,
and an absciEsf%"gtlalaygrﬁgcg?lé‘ge‘%‘gﬁé& C glk gfégﬁvﬁﬁgﬁﬁgs&tﬁﬁgiﬁéggrﬁ | onyto a
current. | FOERE . rdi t ugh
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monent | jreal@tokd(® D bagdiwiehid betvedenvthd thylees (5; e 7yt ddkradterined biithgt the
operation of I LSI. In such a case, the magnetic substance containing

i nsul at opsweasepply lagen{¥)ds pootvidedxwitheuicircuit (11, 12, 13)Ho thedeemefwixings|

present 1nvention provides various advantages
13 . for imparting impedance thereto.

2. The multi-layered printed wiring board as set forth in claim 1, wherein
the power supply layer (7) includes main wirings (1) for distributing a dc current
entirely to the printed wiring board with a dc voltage drop being depressed, and
branch wirings (2) for enhancing high frequency impedance to isolate circuits (3)
in terms of high frequency, which circuits (3) are mounted on the multi-layered

printéd wiring board and operated independently with each other.

3. The multi-layered printed wiring board as set forth in claim 2 further
comprising: a first capacitor (4) connected to a junction between each of the
branch wirings (2) and each of the circuits (3), the first capacitor (4) being suitable
for high frequency power supply current characteristic of the associated circuit (3);
and a second capacitor (4a) connected to a junction between the main and branch

wirings (1, 2) for assistiﬁg operation of the first capacitor (4).

4. The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein insulators (9) sandwiching the power supply layer (7) therebetween

contain magnetic substance therein.

5. The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein the power supply layer (7) is interposed between the ground layers

(6) with the insulators (9) sandwiched between the power supply layers (7) and



as foll ows. I n accordance with the present invention, a relatively
great inductance can be established wi thout using any el enments by providing
a power supply layer with an inpedance inparting circuit. Thus, Tt is ’
possi ble to reduce a high frequency power supply ner at ed
due to operation of IC/LSI and to fl I nto deco mnmuﬂmHm mount ed
in a w dtheaground layers (6). 1 n addition, in accordance® withM hé present

i nvention, a designer can identify a path in which a current runs into a
power supply layer, and hence it is possible to determ ne an opti nal

decoupling capagitor. fqr each of I.CLSIs.as_sour f. a high fre ne

power suppl yg'c ﬁeetnp_ltl-?ayereﬁ prinfed Wﬂ?ﬁ&oﬁéﬁ? %“f‘g‘?’Eﬁ‘s‘éhm %Hler?é Cgéllg[bﬁl\%r
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enhance iﬁﬁl@ﬂﬁ!@)”ﬁi@ﬁh@&ﬂ%ﬁfﬁaﬁﬁhgcﬁﬂ diblecfriedlsfadesistibd.e to deternine -
opti mal capacitance of decoupling CapaCitors for each of 1C/LSIs to thereby
make it easy to decrease ac voltage fluctuation at a power supply term nal

of 1C/LSIs. As a result, each of ICLSlIs can operate stably. . In
accor dance wit Fhemmultidaypered printed wiringboard s seti fogthoirt any oge afirdaims 1

decoupl i ng _capacitors can bg.enhanced b r.ovi di n ower supply l.ayer
with an ihdcwherein tegraund yecs(e) arechuiplete plangsdayesy Bavingay wighes
occurrence .qf .radi ati on noises. I Lt .t | npedance inparting
circuit 8883@13? e'iﬁof‘he"tcﬁgtsﬁ]tﬁﬁ&pi}ioqg%%g@a%ﬁgg{b gggrit ai ning insulators
sandwi chi ng the power supply | ayer therebetween to thereby remarkably

depress el ectromagnetic radiation derived froma multi-Ilayered printed

Wi ring boardg. The multi-laybredpantedndriagiivard bj eet forttoth ady aneagfadaims 1
features of the present

to 3, wherein the impedance imparting circuit (11, 12, 13) is composed of line

patterns providing a greater inductance in limited regions than an inductance to

be generated in other regions.

9.- The multi-layered printed wiring board as set forth in any one of claims 1
to 3, wherein the impedance imparting circuit is composed of at least one of

~winding (11), intersecting (12) and spiral (13) line patterns.

10. The multi-layered printed wiring board as set forth in claim 9, wherein
the spiral line pattern (13) is in direct connection with the power supply layer (7)
at one end and is in connection with the power supply layer (7) at the other end

through one of the ground layer (6) and a surface layer.

11. The multi-layered printed wiring board as set forth in claim 4, wherein
the magnetic substance containing insulators (9) have magnetic permeability
having both a real number part which is not decreased in a predetermined
frequency baﬁd and an imaginary number part which has uniform characteristics

in the predetermined frequency band.



invention wll be nmade apparent fromthe foll owi ng description made with
reference to the acconpanyi ng drawi ngs, in Wmnmu" ce characters
designate the sane or simlar parts througho ' n ; |
. 14 BRI EF DESCRI PTI ON OF THE DRAW NGS * Ffg.' 1% ssa schematic view
illustrating a conventional circuit including a decoupling capacitor

di sposed in theTheghalti-Yaydred @rifled wiring board & @t f@rthsinaclairari ly indverein
illustrating a conventional circuit including decoupling capacitor disposed
in the vthe réad pusibexpasitends to be decreasédyin @ smalbdegren ab advequengggreateng a
power supply layer of a multi-layered printed wiring board nmade i.n

accor dan&balwat Rredetermined dreanegnand ithenimaginasy, My mber pagh tends to be

Fig. 4 i - ti |, vi f | ti-I d ' d Wi ki d

made i n DECEREANTR ; TRALnAHeE A ArfrssERY GPaiohe ik alg; P RAmIRRS

Fig. 5 i&eaugﬁ matic view illustrating a power supply circuit nmounted on a
€ r

mul ti-| ayer ‘inted wiring board nade in accordance with the present
i nvention.

13. The multi-layered printed wiring board as set forth in claim 4, wherein
the insulators contain magnetic substance (9) having hysteresis characteristic
which is not saturated, but excited with a dc current running through circuits (3)
mounted on the multi-layered printed wiring board and operated independently

with each other.



Figs. 6A 6B and 6C are plan views of circuits for inparting |rrpedance
Fig. 7 is a perspective view of a layered structure for explaining the

functions of the present invention. Fig. 8Aillustrates

rel ati onshi p between magnetic perneability and frequency in nagnetic
substance to be used in the present invention. Fig. 8B
illustrates relationship between nmagngtic flux density and nmagnetic field
in magnetic substance to be used in tfe present invention. Fig. 9
is a plan viewillustrating an exanple of a circuit to which the present

I nvention is applied. MULTTI-LAYERED PRUNTHDs WERIGGaBORRDhOW ng depr essi on
ef fects against radiation magnetic field in a substrate to which the

present ABSTRAQT OF THE RDISCLOSURE Fig. 10B is a graph show ng
depression effects against radiation magnetic field in a substrate to which
the present invention is applied. Fig. 11A shows the result of
nmeasuri ng rragnetl field m(i%goard t.o whic ({1 the resent inventi n i s not
appl i ed. herg & pregidechasmuylti-layerad psint ammsgbmgnm wdingiad in
a board t

power supply layer (7), a ground layer (6), a signal layer (5), and insulators (8, 9)
sandwiched between those layers (5, 6, 7), characterized by that the power supply
layer (7) is provided with a circuit (11, 12, 13) in the form of wirings for imparting
impedance thereto. . The impedance imparting circuit may be composed of
winding (11), intersecting (12) or spiral (13) line patterns. The invention makes it
possible to provide a relatively great inductance to thereby decrease high -
frequency power supply current which is generated on IC/LSI operation and is to
flow into decoupling capacitors. It is possible to identify a route through which a
current runs into the power supply layer to thereby provide an optimal
decoupling capacitor to every IC/LSI as a source of high frequency power supply

current.

(Figure 3)



whi ch the présent invention is applied. DESCRI PTI ON OF THE PREFERRED
EVMBODI MVENTS As illustrated in Fig. 4, a nmulti-layered printed

W ring board made in accordarnce with the first enbodi ment of the present
invention is conprised of an eight-layered printed wiring board including

totally eight layers of signal layers 5, ground |ayer 6 and a power ~supply
| ayer 7 which are deposited with insulators 8 and 9 sandw ched
t her ebet ween. - Specificaﬂb&J]there are deposited a signal |ayer

5, a ground |ayer 6, a signal layer 5 a signal layer 5 a ground |ayer 6,
a power supply layer 7, a ground |ayer 6 and a signal layer 5 froma
sunmt to a bottomin this order. Between the signal layers 5 and between
the signal layer 5 and the ground | ayer 6 are sandw ched the insulators 8
having only dielectric characteristic, whereas insulators sandw ching the
power supply layer 7 therebetween are insulators 9 containing nagnetic
subst ance. For instance, the insulators 9 contain Sendust powder, N Zn
family sintered ferrite or mxture of ferrite powder and resin as magnetic
subst ance. As illustrated in Fig. 3, the power supply layer 7 is
provi ded thereon with a main wiring 1 and a plurality of branch wrings 2.
The main wiring 1 is patterned WTEZ c;pp r foil and is made for the purpose
of distributing a dc current to old printed wiring board with a dc
vol tage drop being depressed. TPRIDRNCARTrings 2 are made for the purpose
of enhanci ng -hi gh frequency i npedance in order to isolate circuits 3 with
respect to high frequency. The '

16
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{
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circuits 3 are mounted on the nulti-layered printed wiring board and
operated i ndependently with each other. The branch wrings 2 of which the
i npedance inparting circuit is constituted include a conbination of the

winding line pattern 11 illustrated in Fig. 6A and the intersecting |line
pattern 12 illustrated in Fig. 6B. A first decoupling capacitor
4 as a first capacitor is connected under a | ow i npedance to a junction

bet ween each of the branch wirings22/#td each of

16 the i ndependent circuits 3. The first decoupling capacitor 4 is suitable
for high frequency power supply current characteristic of the associ ated
circuit 3. Simlarly, a second de %;L? capacitor 4a as a second
capacitor is connected to a junctﬁgﬁ en the main wiring 1 and each of
the branch wirings 2. The second decoupling capacitor 4a has a function of
assisting operation.of the first decoupling capacitor 4. The
circuits 3 considered i ndependent from one another is constituted of IC
and/ or other active elenents. In Fig. 3, the circuits 3 and decoupling

capaci tor nt not on the power supply layer 7, but on a
surface |§§%§é§§ES&§ﬂg§g|e tiri cally connected to the power supply layer 7
through ve3RRRNA® GREATEST
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(not illustrated). The use of the magnetic substance containing

i nsul ators 9 sandw chi ng therebetween the power supply layer 7 on which the
i npedance inparting circuit in'the formof wirings is formed nakes it
possible to increase a |ine inpedance of the power supply layer 7 relative
to a‘'conventional conplete planar power supply layer. In addition, the use
of the insulators 9 containing magnetic substance therein enhances a |ine

i nduct ance of the power supply Iay%r/ﬁ.q Her ei n, suppose a power
supply circuit as illustrated in Fig. 5. The circuit includes ICLSIs 3a
and 3b each of which is connected between a power supply line constituted
of the power supply layer .7 and a ground |line constituted of the ground

| ayer 6, decoupling capacitors 4a and 4b connected between the power supply
line 7 and the ground line 6 and in parallel with the IC/LSIs 3a and 3b,
respectively, and a decoupling capacitor 4c connected in series to both the
decoupling capacitors 4a, 4b and tfRe]ll(§ Ls 3a, 3b and grounded. It is
possi bl e to have the distributed indluctrdnCe 10 by neans of wirings of the

| npedance inparting circuit forned on the power supply layer 7 by
establishing the circuit illustrated in Fig. 5 on the above nentioned
multi-layered printed wiring board. The distributed i nductance 10
cooperates with the decoupling capacitors 4a, 4b and 4c to constitute a

filter to ttheby-dgpresse? higg freqyency 3 3
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17 power supply current acconpanied with the operation of IC/LSI and
flowing into the power supply line. Since the inductance val ue of the

di stributed i nductance 10 can be controlled in accordance with a structure
of an inpedance inparting circuit formed on the power supply layer 7, it is
possible to determ ne a desired constant of the above nentioned filter.
Thus, by disposing the decoupling capacitors 4a and 4b in parallel wth the
|G/ LSIs 3a and 3b carrying out sw tgi1f operation, it is possible to

- remar kably reduce a high frequency power supply current which is generated
due to the operation of IC/LSI and is to flowinto a power supply line,
conparing to the conventional printed wiring board. As a result, it is
possible to sufficiently depress el ectronmagnetic radiation derived fromthe
multi-layered printed wiring board. Accordingly, it is also possible to
depress el ectromagnetic radiation externally | eaked out of a conventional
met al box, and as the case may be, it is no |onger necessary to use a netal

box. ' It should be noted that the present invention is not to be
limted to the above nentioned enbodi ment. For instance, the inpedance
inparting circuit may be made in the formother than those illustrated in

Figs. 6A to 6C. The nunber of layers in the nmulti-layered printed wiring
board and the structure of each of the layers are not to be limted to
those illustrated in Fig. 4. Figs. 10A and 10B show the results
of measuring radiation magnetic field derived froman el ectronic device,
specifically an engi neering work station

FIG. 4
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(EWS). Fig. 10A shows the result for a printed wiring board having a

conpl ete planar power supply layer, and Fig. 10B shows the result for a
printed wiring board having a power supply layer provided with an inpedance
inparting circuit in accordance with the present invention.

Conmparing the result of Fig. 10B to the result of Fig. 10A it is found out
that the spectrum (320 WMHz, 360 MHz, 480 MHz, 800 MHz, 920 MHz) at

mul tiplied clock frequency (40 N+%%‘}£ remar kably depressed, and thus

el ectromagnetic radiation is surel%‘r buced.

18 Figs. 11A and 11B show the results of neasuring nearby
magnetic field profiles obtained by scanning a magnetic field neasuring
probe on an original board having a conplete planar power. supply |ayer and
a board (EWS) having a power supply layer wired in accordance with the
present invention. Fig. 11A shows the result for the original board,
whereas Fig. 11B shows the result for the board having a power supply |ayer
to which an inpedance inparting circuit is applied. The neasurenent was
carried out at a frequency of 80 MHz corresponding to a two tines wave of a
cl ock frequency (40 MHz). In Figs. 11A

FIG. 5
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and 11B, deep colored areas indicate areas having high magnetic field
intensity, and lighter colored areas indicate areas having snaller nmagnetic
field intensity. In Figs. 11A and 11B, there are di sposed CPU and a | arge
LSI as noi se sources at a left and | ower deep-col ored portion.

Conmparing the nearby magnetic field profile illustrated in Fig. 11A to that
of Fig. 11B, it is found out that the nearby magnetic field profile of Fig.
11B has greater magnetic field intgg;ﬁﬁy at a left "and | ower portion at

whi ch CPU and a large LSI are di sposed, and has smaller magnetic field
intensity at a right and upper portion (nanely, diffusion to surroundi ngs
i's reduced). This neans that a high frequency power supply
current derived from CPU and/or a large LSI acting as noi se sources are
efficiently bypassed to a ground line through the decoupling capacitors

di sposed in parallel with the CPU or LSI, and hence a -current to flowinto

other LSI/ICs is r : , it is proved that decoupling effect caused

by isolation of Lsﬁlm.rMne anot her by nmeans of wiring is enhanced.
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"1. Amlti-layered printed wiring board conprising: at |east one power
supply layer (7); at |least one ground | ayer (6); at |east one signal |ayer
(5); and insulators (8, 9) sandw ched between the |ayers (5, 6, 7), |
characterized by that the power supply layer (7) is provided with a circuit
(11, 12,13) in the formof wirings for inparting inpedance thereto.

2. The nmulti-layered printed wiring board as set forth in claiml, wherein
t he power supply layer (7) includeﬁr Hn wirings (1) for distributing a dc
current entirely to the printed w izg board with a dc vol tage drop being
depressed, and branch wirings (2) for enhancing high frequency i npedance to
isolate circuits (3) in ternms of high frequency, which circuits (3) are
nounted on the nulti-layered printed wiring board and operated

i ndependently with each other. 3. The multi-layered printed wiring
board as set forth in claim2 further conprising: a first capacitor (4)
connected to a junction between each of the branch wrings (2) and each of
the circuits (3), the first capacitor (4) being suitable for high frequency
power supply current characteristic of the associated circuit (3); and a
second capacitor (4a) connected to a junction between the main and branch
wrings (1, 2) for assisting operation of the first capacitor (4).

FIG7
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“ 4. The nulti-layered printed wiring board as set forth in any one of clains
1 to 3, wherein insulators (9) sandw ching the power supply layer (7)
t her ebetween contain magnetic substance therein. 5. The
multi-layered printed wiring board as set forth in any one of clains 1 to
3, wherein the power supply layer (7) is interposed between the ground
| ayers (6) with the insulators (9) sandw ched between the power supply
| ayers (7) and 8 /11 20 the ground
| ayers (6). 6. The nulti-layered printed wiring board as set forth in
any one of clains 1 to 3, wherein the insulators (8) other than the
magneti ¢ substance containing insulators (9) are insulators having only

dielectric cheF.‘iG?@%‘i CS.
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" 7. The nmulti-layered printed wiring board as set forth in any one of clains
1 to 3, wherein the ground | ayers (6) are conpl ete planar |ayers having no
wi rings and hol es thereon except through holes and via hol es. 8. The
multi-layered printed wiring board as set forth in any one of clains 1 to
3, wherein the inpedance inparting circuit (11, 12, 13) is conposed of |ine
patterns providing a greater inductance in |limted regions than an
i nductance to be generated in otheg y/etfons. 9.- The multi-layered
printed wiring board as set forth in any one of clains 1 to 3, wherein the
i npedance inparting circuit is canposed of at |east one of wnding (11),
intersecting (12) and spiral (13) line patterns. 10. The
multi-layered printed wiring boardﬁgtlgorth inclaim9, wherein the
spiral line pattern (13) is in direct nndction with the power supply
| ayer (7) at one end and is in connection with the power supply |ayer (7)
at the other end through one of the ground |ayer (6) and a surface |ayer.
11. The multi-layered printedfWiring board as set forth in claim4, wherein

t he nagnetiﬁiﬁgaskiﬁﬁﬁJEQEVai n insula?ors (9) have nagnetic perneability
POWER SUPPLY '

~ CURRENT: 10a 16
GREATEST }
3¢ V1a
: C:GREATEST]
'1C/ | | _1J
LST | /1 Z.omauesT
4d
HIGH FREQUENCY
POWER SUPPLY 17
CURRENT : 10b
SECOND GREATE
3d \Afb‘gb‘
{ C:SECOND
1c/ $GREATEST
LST | /] 7:sEconp
4Le | = SMALLEST
HIGH FREQUENCY i
POWER SUPPLY \/\/‘ 10¢
SMALLEST '
3e =<
X C:SMALLEST

}
LS1 4{TZ:GREATEST



~

’havfng both a real nunber part which is not decreased in a predeterm ned
frequency band and an i-nagi nary nunber part which has uniform
characteristics in the predeterm ned frequency. band.

21 12. The multi-layered printed wiring board as set forth in claim11,
wherein the real nunber part tends to be decreased in a snmall degree at a
frequency greater than a predeterm ned frequency and the imagi nhary nunber
part tends to be increased in a spglf1tlegree at a frequency greater than

t he predeterm ned frequency. : 13. The multi-layered printed wiring
board as set forth in claim4, wherein the insulators contain magnetic
substance (9) having hysteresis characteristic which is not saturated, but

excited with aeyfggaxjﬂx runni ng through circuits (3) nmounted on the
mul ti-layered priwd i ng board and operated i ndependently with each

ot her .
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