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other radio frequency communications equipment. Such radio frequency
interference (RFI) Is not permit- Background of the Invention
ted by regulations promulgated by the Federal Com- munications Commission
(FCC). Thus, It Is neces- Field of the Invention                          5
sary to suppress the radiation of electromagnetic noise from the clock
signal and other signals operat- The present invention relates to digital
electronic  ing at high frequencies in order to comply with FCC systems,
and, in particular, to circuitry used In digital  regulations. computers
and the like. More particularly, the Inven-   One method of suppressing the
radiation of eleo- tion relates to the suppression of radiated electrical
10  tromagnetic energy from a digital computer Is to noise generated by
high frequency signals of such    shield the entire computer within a
metallic enclosure. systems.
Such metallic enclosures serve the dual purpose of providing
electromagnetic shielding as well as provid- Description of the Related Art
ing structural support for circuit boards, disk drives 15  and other
components within the computer. However, The circuitry of digital
electronic systems is typi-  this method only suppresses direct radiation
to the cally mounted on printed circuit boards. For example,  external
environment of the computer and does not in small business or personal
computers, such circuit  prevent radiation of such noise to other signal
lines boards Include a main system board (often referred to  within the
computer. Since it is generally necessary to as a mother board) and a
number of smaller circuit  20   provide signal lines to interconnect a
computer to an boards that are inserted into connectors on the moth-
external device, such as a printer or the like, the noise er board.
Typically, such circuit boards are multi-layer  generated by a high
frequency signal may be picked circuit boards. That Is, the connections to
and the In-  up on a signal line and thus radiated externally to the
terconnections between Integrated circuits and other  computer. components
on the surface of a circuit board are pro-  25  In systems where the high
frequency clock sig- vided by metallic traces on the surface layers of the
nals are localized on particular cards or on particular circuit board as
well as on additional traces on Inner  portions of a single card, the high
frequency clock cir- layers of the circuit board. In addition, exemplary
mul-  cuitry on the cards or card portions can be shielded ti-layer printed
circuit boards include layers that are  from other circuits using
conventional shielding tech- dedicated to a particular voltage reference.
For exam-   30   niques such as surrounding the cards or the card por- ple,
the ground reference (i.e., zero volts) may be dis-  tions with a metallic
enclosure. Again, this is effective tributed on an inner layer of the
circuit board. in addi-  only If signal lines carrying the high frequency
clock tion, the primary supply voltage (e.g., +5 volts) may  signals can be
Isolated from other signals that pass also be distributed on a separate
dedicated layer of  beyond the boundaries of the shielding enclosure. the
circuit board. Interconnections between the lay-  35   Furthermore, the
mechanical shieldingstructures are ers of the circuit board are provided by
feedthrough  generally bulky and add to the overall size of the com-
connections (often referred to as vias). In particular,  puter system in
which they are used. connections between integrated circuits on one sur-
Another method that has been utilized is to pro- face layer and circuit
paths on the opposite surface  vide the shielding as part of the printed
circuit board layer are provided by vias. Similarly, the power and   40
(See, for example, US-A-4 658 334 or EP-A-0 027 ground connections to the
integrated circuits are pro-  047). For example, the high frequency clock
lines can vided by vias that are electrically connected to the re-  be
positioned on an inner layer of a circuit board prox- spective voltage
reference layers.                   imate to one or two voltage reference
layers. The vol- Digital electronic circuits generally operate in  tage
reference layer or layers operate to shield the synchronism with one or
more clock signals that are   45  clock lines to suppress the radiation of
electromag- distributed to the integrated circuits on the printed cir-
netic energy. This technique provides significant im- cuit boards. For
example, small business/personal    provement over the previously described
techniques computers, such as computers that utilize the Intel[err]  since
the shielding is applied directly to the printed cir- 80x86 family of
microprocessors utilize a clock signal  cuit boards having the high
frequency clock lines. Al- that is a multiple of the rated operating
frequency of  50  though this technique provides substantial improve- the
microprocessor. As a specific example, a comput-  ment in the suppression
of emitted RFI from the clock er based upon an Intebl[err] 80386
microprocessor oper-  lines, one skilled in the art will appreciate that an
ad- ating at 25 MHz utilizes a system clock signal having  ditional layer
of the printed circuit board increases the a frequency of 50 MHz. Such an
operating frequency   cost of the circuit both In terms of material as well
as is close to the lower end of the television broadcast  55  engineering
and manufacturing costs. In addition, the band which begins at 54 MHz. If
the clock signal is  additional layer increases the thickness of the
circuit permitted to radiate significant energy, it may inter-  board. The
additional thickness may not be accept- fere with the operation of
television receivers and  able, particularly when the printed circuit board
has 2    



3                    EP 0 489 118 B1                   4 an edge connector
formed on It. Such an edge con-        In particularly preferred
embodiments of the In- nector may be too large to insert into a
conventional  vention, the circuit board further includes a plurality card
edge connector used in typical computers. Thus,  of Interconnection lines
formed In the second voltage a need exists for a RFI suppression technique
com-    reference layer and electrically Isolated from the sec- patible
with the existing standards for printed circuit   5   ond voltage reference
source. The interconnection boards.
lines in the second voltage reference layer span the signal line formed in
the first voltage reference layer. Summary of the Invention
The interconnection lines in the second voltage refer- ence layer are
electrically connected to the first vol- The present invention is a
multi-layer printed cir-  10  tage reference source. Preferably, the
interconnec- cuit board that Is connectable to first and second vol-  tion
lines In the second voltage reference layer are tage reference sources. The
printed circuit board sup-  electrically connected to the first voltage
reference presses radio frequency Interference generated by     layer via
feedthroughs that penetrate the first and high frequency signals present in
electronic circuitry  second voltage reference layers. on the printed
circuit board. The printed circuit board   15  The circuit board preferably
includes a plurality of comprises an interconnection layer which comprises
capacitors mounted on the circuit board. Each of the electrically
conductive material formed into a plurality  capacitors has first and
second leads, with the first of  electrically conductive paths to
interconnect the  lead electrically connected to the first voltage refer-
electronic circuitry on the circuit board.            ence source via the
first voltage reference layer, and The circuit board further comprises a
first voltage   20   with the second lead connected to the second voltage
reference layer connectable to the first voltage refer-  reference source
via the second voltage reference ence source. The first voltage reference
layer is posi-  layer. In exemplary circuit boards according to this as-
tioned in parallel with the layer of electrically conduc-  pect of the
invention, a first plurality of feedthroughs tive material. A second
voltage reference layer is con-  connect the first leads of the capacitors
to the firstvol- nectable to the second voltage reference source. The   25
tage reference layer and a second plurality of feed- second voltage
reference layer Is positioned In paral-  throughs connect the second leads
of the capacitors lel with the first voltage reference layer.           to
the second voltage reference layer. The first and The printed circuit board
of the present invention  second plurality of feedthroughs are positioned
prox- further includes means for selectively connecting the  Imate to and
electrically isolated from the signal line first voltage reference layer to
the electronic circuitry   30   on the first voltage reference layer. The
first and sec- and means for selectively connecting the second vol-  ond
plurality of feedthroughs provide additional radio tage reference layer to
the electronic circuitry.     frequency Interference shielding of the
signal line on At least one signal line is formed on the first vol-  the
first voltage reference layer. tage reference layer and electrically
isolated from the   The present invention is ideally suited for high first
voltage reference source. The signal line Is  35  speed digital electronic
circuits wherein the signal shielded by the first voltage reference layer
and the  line on the first voltage reference layer Is connectable second
voltage reference layer to suppress radio fre-  to a high frequency signal
source, and wherein the quency interference between a signal on the signal
first and second voltage reference layers block the ra- line and signals on
the interconnection paths on the  diation of high frequency electrical
energy from the Interconnection layer.                           40  signal
line to interconnection paths on the first inter- Preferably, one of the
first and second voltage   connection layer. references to which the
corresponding voltage refer- ence layer Is connected is a supply voltage.
source  Brief Description of the Drawings and the otherof the first and
second voltage referenc- es is a ground reference.
45       Figure 1 is a perspective view of an exemplary Also preferably,
the means for interconnecting    multilayer printed circuit board such as
may be used the first voltage reference layerto the Interconnection  in a
computer system. layer and the means for interconnecting the second
Figure 2 is an exploded view of the multi-layer voltage reference layer to
the interconnection layer  printed circuit board of Figure 1 showing two
intercon- comprise feedthroughs that penetrate the first and   50   necting
layers, a ground reference layer and a supply second voltage reference
layers and the Interconnec-  voltage layer. tion layer.
Figure 3 Is a cross-sectional view of the multi-lay- Preferred embodiments
of the printed circuit      er printed circuit board of Figures 1 and 2
taken along board of the present invention include a second inter-  the
lines 3-3 on Figure 2 showing details of the con- connection layer parallel
to the first interconnection   55   struction of feedthroughs or vias.
layer. The first and second voltage reference layers      Figure 4 is an
enlarged plan view of a feedthrough are positioned between the first and
second Intercon-  of Figure 3 taken along the lines 4-4 in Figure 3.
nection layers.                                           Figure 5
illustrates an exploded view of the 3    



5                   EP0489118B1                     8 ground reference
layer and supply voltage layer of  shown in Figure 1, It should be
understood that the Figure 3 with a clock line formed In the supply voltage
printed circuit board 100 Includes hundreds of Inter- layer In accordance
with one aspect of the present In-  connection paths 124. Itshould
befurtherunderstood vention.                                           that
multi-layer printed circuit boards, such as the cir- Figure 6 Is a
cross-sectional viewof the dockline,   5   cult board 100, further include
interconnection paths the supply voltage layer and the ground reference
lay-  on a second surface opposite the component surface er taken along the
lines 6-6.                      110. The second surface is not shown In
Figure 1. In Figure 7 Illustrates an exploded perspective view  many
printed circuit boards, additional components of the supply voltage layer
and the ground reference  may also be mounted on the second surface. In ad-
layer of Figure 5, further showing the supply voltage   10  dition,
interconnection paths may be provided on lay- bridge formed In the ground
reference layer to elec-  ers sandwiched between the two surface layers.
trically interconnect the supply voltage across the    When the printed
circuit board 100 is to be plug- clock lines.
ged into a mother board of the computer 104, or the Figure 8 Is a completed
multi-layer printed circuit  like, it includes a connector. Although many
different board In which the firstlayerand the ground reference   15
Interconnection systems are available, one of the portion of the copper
have been partially removed to  most common techniques Is the use of card
edge con- show the spatial relationship between the bridges  nectors which
are mounted on the mother board (not and the clock lines.
shown). An exemplary conventional card edge con- Figure 9 Is an enlarged
Illustration of the area 9  nector 130 Is illustrated In phantom in Figure
1. The of Figure 8 which more clearly shows the spatial re-  20  card edge
connector 130 Includes a plurality of con- lationship between the bridges
and the clock lines.  tacts (not shown) which provide Interconnections for
Figure 10 Is a cross-sectional view of an exam-  voltages and signals
provided to and generated by plary bridge taken along the lines 10-10 in
Figure 9  the printed circuit board components 120. As Illustrat- and also
showing the first second, third and fourth  ed, the printed circuit board
100 Includes an edge por- layers for clarity.                           25
tion 140 which has a plurality of regularly spaced met- Figure 11
Illustrates the shielding effect provided  allic fingers 142 that are
formed perpendicular to the by the present invention wherein the
electromagnetic  edge of the board 100. The fingers 142 engage the fields
generated by the highfrequency clocksignal on  contacts of the card edge
connector 130 when the cir- the clock line are constrained by the
surrounding cop-  cult board 100 Is Inserted Into the computer 104. The per
of the supply voltage and ground reference layer.  3o  fingers 142 are
formed by the etching process that Figure 12 Illustrates the addition of
capacitors  forms the interconnection paths 124, discussed which are
connected to a power layer and ground lay-  above. The fingers 142 are
connected to the compo- er.
nents 120 via the interconnection paths 124. Figure 13 is a pictorial
illustration of the wave-  Figure 2 is an exploded view of the printed
circuit guide formed around the clock line in accordance with  35  board
100 showing four layers 150, 152,154 and 156. the present invention.
As is known in the art, each of the layers comprises an insulating
substrate, such as phenolic, onto which Detailed Description of the
Preferred Embodiment   is bonded a metallic layer, such as copper. As dis-
cussed above, portions of the copper layer are etched Brief Review of
Structure of Multi-layer Printed  40  away from each of the layers to
selectively expose Circuit Boards                                     the
phenolic substrate, The copper remaining after the etching process forms
the interconnection paths Figure 1 illustrates an exemplary multi-layer
for the respective layers. It should be understood that printed circuit
board 100 which may be used in a com-  each of the layers is etched
separately and then bond- puter 104 (represented in part by a phantom
outline).  45  ed together to form the composite multi-layer board il-
Additional printed circuit boards 106 and 108 are also  lustrated In Figure
1. shown. As illustrated, the circuit board 100 includes  As illustrated in
Figure 2, the first layer 150 sup- a component surface 110 onto which are
mounted a   ports the component surface 110 which Includes the
pluralityofelectronic components, such as integrated  Interconnection paths
124. The component surface circuits, transistors, resistors, capacitors,
and the   50  110 also includes a plurality of mounting pads 158 like. The
components on the circuit board are shown  onto which the components 120
(Figure 1) are mount- pictorially and are designated In globo by the number
ed by soldering or other conventional methods. Sim- 120. The components 120
are Interconnected by a    ilarly, the fourth layer 156 is formed in a
similar man- plurality of circuit paths 124 that are typically formed  ner
to provide Interconnection paths. The intercon- by etching a copper coating
from the surface 110 dur-  55   nection paths are typically on the lower
surface of the ing the manufacturing process. The copper remaining  fourth
layer 156 and are not shown in Figure 2. after the etching process provides
the interconnec-    The second layer 152 and the third layer 154 In tion
paths. Although only a few circuit paths 124 are  Figure 2 are voltage
reference layers. For example, 4    



7                   EP 0 489 118 B1                 8 the second layer 152
is advantageously a ground    lead, or another suitable conductive
material, to pro- (zero volts) reference and the third layer 154 isadvan-
vide a continuous conductive path between the first tageously a power
supply voltage layer (e.g., +5   interconnection pad 164 and the third
interconnection volts). In typical known printed circuit boards, the  pad
194. ground layer 152 and the supply voltage layer 154   5  The second
Interconnection pad 166 Is connect- have substantial areas of copper
remaining after the  ed to the ground layer 152 in a manner similar to the
etching process to provide fairly uniform distribution  previously
described connection. However, no phe- of the respective power and ground
voltages within  nolic-only area is formed In the copper layer 172. the
printed circuit board 100. Basically, the power lay-  Rather, the portion
of the copper layer 172 aligned er 154 and the ground layer 152 have copper
re-  10  with the second interconnection pad 166 remains In- moved only in
areas where feedthrough connections  tact at a location 210. A
phenolic-only area 220 Is are formed through the printed circuit board 100
and  formed In the copper layer 182 of the supply voltage the feedthrough
connections are to be electrically lso-  layer 154, as described above.
Similarly, a pad 224 lated from the respective voltage reference.       Is
formed In the copper layer 192 of the fourth layer The foregoing Is
illustrated in Figure 3 by an ex-  15  156. Again, afeedthrough orvia 230
isformed bydrill- emplary cross-sectional view of the completed print-  ing
a hole 232 through the second Interconnection ed circuit board 100 which
shows additional details of  pad 166, the location 210, the phenolic-only
area 220 the construction of each of the layers. As illustrated,  and the
pad 224. The hole 232 is plated to provide an the first layer 150 comprises
a layer 160 of phenolic,  electrical path between the second
interconnection or the like, and a thin layer 162 of copper. The copper  20
pad 166 and the pad 224. It can be seen that the feed- layer 162 Is etched
to form a first interconnection pad  through 230 thus formed is
electrically connected to 164 and a second interconnection pad 166 to which
the ground reference layer 152, as desired. respective leads of an
integrated circuit 120 are sol- dered. The second (i.e., ground reference)
layer 152  Description of the Improvement of the Present comprises a layer
170 of phenolic and a thin layer 172   25  Invention of copper. A portion
of the copper layer 172 is re- moved to expose an area 174 of the phenolic
layer      As discussed above in the background of the In- 170. (The
phenolic-only area 174 is advantageously  vention, additional circuit board
layers can be provid- round and Is shown more clearly In Figure 4.) The
ed. For example, an additional Interconnection layer phenolic-only area 174
Is positioned In alignment with  30  (not shown) can be provided between
the ground lay- the first Interconnection pad 164 as shown. Similarly,  er
152 and the power layer 154. If the high frequency the third (I.e., supply
voltage) layer 154 comprises a  clock lines are formed on this additional
layer, they layer 180 of phenolic and a thin layer 182 of copper.  can be
effectively isolated from the other Intercon- A portion of the copper layer
182 is removed to ex-  nection layers by the shielding effect of the power
and pose a circular area 184 of the phenoliclayer180. The   35  ground
layers 154, 152. However, as set forth above, phenolic-only area 184 is
also positioned In alignment  the additional layer adds to the size (e.g.,
thickness) with the first Interconnection pad 164 as shown. Final-  and
cost of the printed circuit board. The present in- ly, the fourth layer 156
comprises a layer 190 of phe-  vention provides substantial suppression of
the gen- nolic and a thin layer 192 of copper. A third intercon-  erated
radio frequency noise without requiring an ad- nection pad 194 isformed
from the copperremaining   40  ditlonal layer. after etching the fourth
layer 156. As illustrated, the  Figure 5 illustrates the ground layer 152
and the third Interconnection pad 194 is aligned with the first  supply
voltage layer 154 In accordance with the pres- Interconnection pad 164 and
with the phenolic-only  ant invention. As illustrated, the ground layer 152
and areas 174 and 184. The third interconnection pad 194  the supply
voltage layer 154 have a substantial is advantageously the terminus of an
interconnection   45  amount of the respective copper layers 172, 182 re-
path 196, as illustrated. The Interconnection path 196  maining as in the
prior art. (For simplicity, the phenol- may, for example, electrically
interconnect the pad  ic-only clearance holes for feedthroughs are not 194
with another pad (not shown) which is connected  shown in Figure 5.)
However, unlike the prior art print- via a feedthrough (not shown) to
another integrated  ed circuit boards, the copper layer 182 of the supply
circuit (not shown).                           50  voltage layer 154
includes etched portions 250 that The first Interconnection pad 164 and the
third In-  defines a plurality of clock lines 254. The clock lines
terconnection pad 194 are electricallyinterconnected  254 are all
Interconnected in Figure 5; however, It by a feedthrough (orvia) 200which
isformed in a con-  should be understood that additional clock lines can
ventional manner by drilling a hole 202 through the  be provided as needed.
The etched portions 250 elec- composite circuit board 100 through the first
intercon-  55  trically isolate the clock lines 254 from the remaining
nection pad 164, the phenolic-only area 174, the phe-  portions of the
copper layer 182 of the power layer nolic-only area 184 and the third
interconnection pad  154 so that a high frequency clock signal can be ap-
194. Thereafter, the hole 202 is plated with copper, tin  plied to the
clock lines 254 without shorting to the sup- 5    



9                  EP 0 489 118 B1                     10 ply voltage
reference applied to the supply voltage  hason both
sides.Thefeedthroughs280,282 provide layer 154.
additional shielding to the side of the clock line 254. Figure 6 is a
cross-sectional view of the clock line  The shielding effect is illustrated
pictorially In Figure 254, the supply voltage layer 154 and the ground ref-
11 wherein the electromagnetic field generated by erence layer 152. The
portions of the copper layer 182   5   the high frequency clock signal on
the clock line 254 of the power layer 154 that are connected to the vol-
(represented by a plurality of arrows 288) are shown tage reference (e.g.,
+5 volts) are designated by the  constrained by the voltage potential on
the adjacent designator 260. It can be seen that the clock line 254
portions of the supply voltage layer 154, the feed- is surrounded on both
sides by the voltage reference  throughs 280, 282, and the bridge 270, thus
effective- portions 260 and Is positioned beneath the copper  10  ly
suppressing the radiation of the electromagnetic layer 182 of the ground
layer 152. Thus, any radio fre-  energy. quency noise radiated from the
clock line 254 is con-  Since the bridges 270 are spaced apart from tained
by either the adjacent voltage reference layer  each other by a short
distance (e.g., approximately portions 260 or the ground reference layer
172. Thus,  1,27 cm to 2,54 cm -one-half inch to one Inch-in the the
advantages of shielding the clock lines on a sep-  15  preferred
embodiments), the bridges would appear to arate layer are provided without
the disadvantages of  not provide a continuous shield at the voltage refer-
a separate layer for the clock lines.             ence potential. However,
one skilled in the art will ap- In Figures 5 and 6, the shielding is
provided by  preciate that at the frequencies Involved (i.e., 50 to two
layers having different voltage potentials. It is  100 MHz), the bridges
have substantially the same preferable that the shielding be at a
singlevoltage po-  20  effect as a continuous strip line waveguide. Thus,
it tential. Figure 7 Illustrates a further improvement In  is not necessary
to provide a continuous voltage ref- the embodimentof Figures 5 and 6 in
which the effect  erence portion In the ground reference layer 152. of a
shield at a single voltage potential is provided. As  Although it is
conceivable that the bridges 270 illustrated in Figure 7, a plurality of
conductive  may be positioned in a manner so that no gaps exist bridges 270
are formed in the copper layer 172 of the   25  between adjacent bridges
270 along the clock lines ground reference layer 152 by removing portions
of  254, this is not always practical. The bridges have the the copper
layer 172 to isolate the bridges 270 from  effect of breaking up the ground
reference layer 152. the remaining portions of the copper layer 172. The
In addition, each bridge 270 requires a pair of feed- remaining portions of
the copper layer 172 are con-  throughs 280, 282 to Interconnect them with
the vol- nected to the ground reference (e.g. 0 volts) as before  30  tage
reference layer 154. If rows of feedthroughs 280, and are designated by the
designator 274. Each end  282 are provided along the full lengths of the
clock of each of the bridges 270 is connected to the copper  line 254,
significant areas of space on the printed cir- layer 182 of the supply
voltage layer 154 via a pair of  cuit board 100 would be unavailable for
other use. feedthroughs (not shown In Figure 7) so that the  This problem
would not only be experienced on the bridges 270 are at the voltage
potential (e.g., +5 volts)  35  ground reference layer 152 and the supply
voltage of the supply voltage layer 150.                  layer 154, but
also by the first and fourth layers 150, When the ground reference layer
152 and the    156 since the feedthroughs 280, 282 also penetrate supply
voltage layer 154 are positioned proximate to  those layers. each other in
the completed circuit board 100, as     Although the present invention
describes bridges shown In Figure 8, each of the bridges 270 spans the   40
formed in the ground reference layer 152 to shield the clock lines 254. In
Figure 8, the first layer 150 and the  clock lines 254 lying on the supply
voltage layer 154, ground reference portions 274 of the copperlayer 172
one skilled in the art will appreciate that this invention have been
partially removed to show the spatial rela-  could be applied as well to a
bridges formed in the tionship between the bridges 270 and the clock lines
supply voltage layer 154 to shield clock lines 254 lying 254. An enlarged
portion of Figure 8 Is illustrated in  45  on the ground reference layer
152. As a further alter- Figure 9 to more clearly show the spatial
relationship  native, a portion of the clock lines 254 can be formed of the
bridges 270 to the clock lines 254.        in the supply voltage layer 154
and a second portion Figure 10 is a cross-sectional view taken through  of
the clock lines can be formed in the ground refer- one of the bridges 270
in Figure 9. The view In Figure  ence layer 152 with the shielding provided
by the 10 includes the portions of the first, second, third and   50  other
reference layer in each case. fourth layers 150, 152, 154, 156 for clarity.
It can be  A further Improvement in the operation of the seen in Figure 10
that a first feedthrough 280 con-  present invention is illustrated in
Figure 12. As dis- nects one end of the bridge 270 to the copper layer
cussed above the portions of the ground reference 182 of the power layer
154 and a second feedthrough  layer 152 between the bridges 270 provide
additional 282 connects the other end of the bridge 270 to the  55
shielding; however, these portions are not at the copperlayer 182. Thus,
asfurther illustrated in Figure  same voltage potential as the bridges 270.
In order to 10, at each bridge 270, the clock line 254 has the  connect the
spaced apart bridges 270 (Figure 8) to same voltage potential (e.g., +5
volts) above it as it  provide the effect of a continuous waveguide overthe
6    



>  11               EP  0 489 118 B1                  12 clock lines 254, a
plurality of 0.01 microfarad capaci-       a second voltage reference layer
(154) tors 290 are mounted on the top surface 110 of the      connectable
to the second voltage reference printed circuit board 100. As Illustrated
In FIgure 12,  source, said second voltage reference layer(154) the leads
292 and 294 of each capacitor 290 are con-    positioned In parallel with
said first voltage refer- nected to the ground reference layer 152 and the
sup-   5  ence layer (152); ply voltage layer 154 via a pair of
feedthroughs 296          means for selectively connecting said first and
298. Preferably, the capacitors 290 are located     voltage reference layer
(152) to said electronic so that the feedthroughs 296 and 298 penetrate the
circuitry; supply voltage layer 154 and the ground reference
means forselectively connecting said sec- layer 152 proximate to the clock
line 254. The feed-  10  ond voltage reference layer (154) to said elec-
through 296 and the corresponding capacitor lead        tronic circuitry;
and 292, are electrically isolated from the ground layer          at least
one signal line (254) formed on 152 and are electrically connected to the
supply vol-   said first voltage reference layer (152), said sig- tage
layer 154. Conversely, the feedthrough 298 and     nal line electrically
Isolated from the first voltage the corresponding capacitor lead 294 are
electrically  15  reference source, said signal line being surround-
connected to the ground reference layer 152 and are     ed on both sides by
portions of said first voltage electrically isolated from the supply
voltage layer 154.  reference layer (152) connected to the first vol- The
feedthroughs 296 and 298 along the clock line        tage reference source,
said signal line shielded 254 provide additional vertical shielding between
the   by said first voltage reference layer (152) and feedthroughs
connecting the bridges 270. As one skil-  20  said second voltage reference
layer (154) to sup- led in the art will understand, the effect of the
capac-  press radio frequency Interference between a itors 290 In the
frequency range of 10-100 MHz is to    signal on said signal line and
signals on said con- provide a low Impedance path between the supply
ductive paths on said first Interconnection layer voltage layer 154 and the
ground reference layer 152,   (150). thus forming an effectively continuous
shield overthe   25 clock lines 254.                                     2.
The circuit board as defined in Claim 1, further in- The overall effect of
the present invention is pic-  cluding a plurality of electrically
conductive torially illustrated in Figure 13 which represents a wa-
bridges (270) formed in said second voltage ref- veguide 300 formed around
the clock line 254. As il-    erence layer (154) and electrically Isolated
from lustrated the waveguide 300 comprises the adjacent  3o  the second
voltage reference source, said con- portions of the copper layer 182 of the
supply voltage  ductive bridges (270) in said second voltage ref- layer
154: the bridges 270; the feedthroughs 280,282    erence layer (154)
spanning said signal line connecting the bridges 270 to the copper layer
182;     formed in said first voltage reference layer (152), the portions
of the copper layer 172 of the ground lay-  said conductive bridges (270)
In said second vol- er 152 between the bridges 270; and the feed-   35
tage reference layer (154) electrically connected throughs 296 and 298 that
connect the capacitors 290    to the first voltage reference source. (not
shown) to the ground reference layer 152 and the supply voltage layer 154,
respectively.              3. The circuit board as defined in Claim 2,
wherein said conductive bridges (270) In said second vol- 40      tage
reference layer (154) are electrically con- Claims
nected to said first voltage reference layer (152) via feedthroughs that
penetrate said first and 1. A multi-layer printed circuit board connectable
to   second voltage reference layers (152, 154). first and second voltage
reference sources, said printed circuit board suppressing radio frequency
45  4. The circuit board as defined in Claim 2, further In- Interference
generated by high frequency signals     cluding a plurality of capacitors
mounted on said present in electronic circuitry on said printed cir-
circuit board, each of said capacitors having first cult board, said
printed circuit board comprising:   and second leads, said first lead of
each said ca- a first interconnection layer(150) compris-    pacitor
electrically connected to the first voltage ing electrically conductive
material formed into a   50  reference source via said first voltage
reference plurality of electrically conductive paths to inter-  layer
(152), said second lead of each said capac- connect said electronic
circuitry on said circuit   itor connected to the second voltage reference
board;                                              source via said second
voltage reference layer a first voltage reference layer (152) con-
(154). nectable to the first voltage reference source,  55 said
firstvoltage reference layer(152) being posi-  5. The circuit board as
defined in Claim 4, wherein tioned in parallel with said layer of
electrically   said first leads of said capacitors are connected conductive
material;                                to said first voltage reference
layer (152) by a f irst 7    



clock lines 254, a plurality of 0.01 microfarad capaci-         a second
voltage reference layer (154) tors 290 are mounted on the top surface 110
of the       connectable to the second voltage reference printed circuit
board 100. As Illustrated In Figure 12,  source, said second voltage
reference layer (1 54) the leads 292 and 294 of each capacitor 290 are con-
positioned In parallel with said first voltage refer- nected to the ground
reference layer 152 and the sup-   5  ence layer (152); ply voltage layer
154 via a pair of feedthroughs 296           means for selectively
connecting said first and 298. Preferably, the capacitors 290 are located
voltage reference layer (152) to said electronic so that the feedthroughs
296 and 298 penetrate the       circuitry; supply voltage layer 154 and the
ground reference              means for selectively connecting said Sec-
layer 152 proximate to the clock line 254. The feed-   10  ond voltage
reference layer (154) to said elec- through 296 and the corresponding
capacitor lead        tronic circuitry; and 292, are electrically Isolated
from the ground layer           at least one signal line (254) formed on
152 and are electrically connected to the supply vol-    said first voltage
reference layer (152), said sig- tage layer 154. Conversely, the
feedthrough 298 and      nal line electrically Isolated from the first
voltage the corresponding capacitor lead 294 are electrically   15
reference source, said signal line being surround- connected to the ground
reference layer 152 and are      ed on both sides by portions of said first
voltage electrically Isolated from the supply voltage layer 154.  reference
layer (152) connected to the first vol- The feedthroughs 296 and 298 along
the clock line        tage reference source, said signal line shielded 254
provide additional vertical shielding between the    by said first voltage
reference layer (152) and feedthroughs connecting the bridges 270. As one
skil-  20  said second voltage reference layer (154) to sup- led in the art
will understand, the effect of the capac-  press radio frequency
interference between a itors 290 in the frequency range of 10-100 MHz is to
signal on said signal line and signals on said con- provide a low impedance
path between the supply          ductive paths on said first
interconnection layer voltage layer 154 and the ground reference layer 152,
(150). thus forming an effectively continuous shield over the   25 clock
lines 254.                                     2. The circuit board as
defined in Claim 1, further in- The overall effect of the present invention
Is pic-  cluding a plurality of electrically conductive torially
illustrated in Figure 13 which represents a wa-  bridges (270) formed in
said second voltage ref- veguide 300 formed around the clock line 254. As
il-     erence layer (154) and electrically isolated from lustrated the
waveguide 300 comprises the adjacent  30   the second voltage reference
source, said con- portions of the copper layer 182 of the supply voltage
ductive bridges (270) in said second voltage ref- layer 154: the bridges
270; the feedthroughs 280,282     erence layer (154) spanning said signal
line connecting the bridges 270 to the copper layer 182;      formed in
said first voltage reference layer (15 2), the portions of the copper layer
172 of the ground lay-  said conductive bridges (270) in said second vol-
er 152 between the bridges 270; and the feed-   35       tage reference
layer (154) electrically connected throughs 296 and 298 thatconnect the
capacitors 290     to the first voltage reference source. (not shown) to
the ground reference layer 152 and the supply voltage layer 154,
respectively.              3. The circuit board as defined in Claim 2,
wherein said conductive bridges (270) in said second vol- 40      tage
reference layer (154) are electrically con- Claims
nected to said first voltage reference layer (152) via feedthroughs that
penetrate said first and 1. A multi-layer printed circuit board connectable
to   second voltage reference layers (152, 154). first and second voltage
reference sources, said printed circuit board suppressing radio frequency
45   4. The circuit board as def ined In Claim 2, further in- interference
generated by high frequency signals     cluding a plurality of capacitors
mounted on said present in electronic circuitry on said printed cir-
circuit board, each of said capacitors having first cuit board, said
printed circuit board comprising:   and second leads, said first lead of
each said ca- a first interconnection layer (150) compris-   pacitor
electrically connected to the first voltage ing electrically conductive
material formed into a   50  reference source via said first voltage
reference plurality of electrically conductive paths to inter-  layer
(152), said second lead of each said capac- connect said electronic
circuitry on said circuit    itor connected to the second voltage reference
board;                                               source via said second
voltage reference layer a first voltage reference layer (152) con-
(154). nectable to the first voltage reference source,  55 said
firstvoltage reference layer(152) being posi-  5. The circuit board as
defined in Claim 4, wherein tioned In parallel with said layer of
electrically   said first leads of said capacitors are connected conductive
material;                                 to said firstvoltage reference
layer(1 52) by afirst 7    13                  EP 0 489 118 B1
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plurality of feedthroughs and wherein said sec-  PatentansprflchEv ond
leads of said capacitors are connected to said second voltage reference
layer (154) by a   1. Gedruckte Mehrschichtleiterplattb, die an sine second
plurality of feedthroughs, said first and     erste und eine zwelte
Bezugsspannungsquelle second plurality offeedthroughs positioned prox-   5
anschlieBbar Ist, wobel die gedruckte Lelterplatte imate to and
electrically Isolated from said signal  sine von Hochfrequenzsignalen der
elektronil- line on said first voltage reference layer (152)    schen
Schaltung auf der Leiterplatte erzeugbe said first and second plurality of
feedthroughs      Hochfrequenzinterferenz unterdrUckt, wobel die providing
additional radio frequency Interference    gedruckte Lelterplatte umfaltt:
sine erste Verbin- shielding of said signal line on said first voltage   lo
dungsschicht (150), die elektrisch leitendes Ma- reference layer (152).
terial umfaat, das zu elner Visizahl diektrisch lei- tender Bahnen geformt
Ist, urn die elektronische 6. The circuit board as defined In Claim 1,
wherein     Schaltung an der Leiterplatte anzuschlieBen; said means for
Interconnecting said first voltage   sine erste Bezugsspannungsschicht
(152), dle reference layer (152) to said electronic circuitry   15  an die
erste Bezugsspannungsquelle anschile11- and said means for interconnecting
said second     bar let, wobei die erste Bezugsspannungsschbcht voltage
reference layer (154) to said electronic     (152) parallel zu der Schicht
des elektrisch leiten- circuitry comprise feedthroughs that penetrate
den Materials angeordnet Ist, said first and second voltage reference
layers       sine zwelte Bezugsspannungsschicht (154), die (152, 154) and
said first Interconnection layer  20  an die zweite Bezugsspannungsquelle
an- (150).                                               schlieBbar bt,
wobel die zwelte Bezugespan- nungsschicht (154) parallel zu der ersten Be-
7. The circuit board as defined in Claim 1 furtherin-
zugsspannungsschicht (152) angeordnet Ist; cluding a second interconnection
layer (156) par-    Mittel zum selektiven Anschilefen der ersten Be- allel
to said first interconnection layer (150), said  25  zugsspannungsschicht
(152) an die elektroni- first and second voltage reference layers (152,
sche Schaltung; 154) positioned between said first and second in-    Mittel
zum selektiven Anschlieben der zwelten terconnection layers (150, 156).
Bezugsspannungsschicht (154) an die elektronl- sche Schaltung; und 8. The
circuit board as defined in Claim 1, wherein  30  mindestens sine
Signalleitung (254), die auf der said signal line on said first voltage
reference lay-  ersten Bezugaspannungsschicht (152) ausgebll- er (152) Is
connectable to a high frequency signal   det ist, wobel die Signalleltung
gegenfiber der er- source, and whereinsaid firstand second voltage
sten Bezugaspannungsquelle elektrlsch isollert reference layers (152, 154)
block the radiation of   iste die Signalleitung auf beiden Seiten durch Be-
high frequency electrical energy from said signal  35  reichederersten
Bezugsspannungsschicht (152) line to said conductive paths on said first
inter-  umgeben Ist, die an die erste Bezugsspannungs- connection layer
(150).                              quelle angeschlossen ist, die
Signalleltung durch die erste Bezugsspannungsschicht (152) und die 9. A
method of suppressing radio frequency noise in     zwelte
Bezugsspannungsschicht (154) abge- a printed circuit board having a high
frequency  4o  schirmt ist um sine Hochfrequenzinterferenz signal operating
thereon, said printed circuit       zwlschen elnem Signal auf der
Signalleltung und board being connectable to first and second vol-
Signalen auf den leltenden Bahnen auf der ersten tage sources, the method
comprising the steps        Verbindungsschicht (150) zu unterdrOcken. Of:
providing first and second voltage refer-  45   2. Lelterplatte nach
Anspruch 1, weiter umfassend ence layers (152, 154) connectable to the
first      sine Vleizahl elektrlsch leitender BrLicken (270), and second
voltage sources, respectively;            die in der zwelten
Bezugsspannungsschicht forming an electrical signal path in said
(154)ausgebildetundgegenflberderzweitenBe- first voltage reference layer
(152) that is electri-  zugsspannungsquelle elektrlsch Isoliertsind, wo-
cally isolated from the restofsaidfirstvoltage ref-  5o  bel die leitenden
BrOcken (270) in der zwelten Be- erence layer (152); and
zugsspannungsschicht (154) dIe in der ersten forming a plurality of bridges
(270) In said   Bezugsspannungsschicht (152) ausgeblldete Si- second
voltage reference layer (154) that are        gnalleltung uberspannen, die
leitenden BrOcken electrically connected to said first Voltage refer-
(270) in der zweiten Bezugsspannungsschicht ence layer (152), each of said
bridges (270) span-  o5  (154) an die erste Bezugsspannungsquelle elek-
ning said electrical signal path In said first voltage  trisch
angeschlossen sind. reference layer (152). 3. Leiterplatte nach Anspruch 2,
wobel die leltenden 8    15                  EP 0 489 118 81
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Brucken (270) in der zweiten Bezugsspannungs-      Signalleltung aus an die
leitenden Bahnen auf schicht (154) an die erate Bezugsspannungs-        der
ersten Verbindungsachicht (150) blockieren. schicht (152) Ober Durchgflnge
elektrisch ange- schlossen sind, die die erste und die zweit Be-  9.
Verfahren   zur   Unterdrfickung    sines zugaspannungsschicht (152,154)
durchdringen.    5  Hochfrequenzrauschens be! einer gedruckten Lelterplatte
mit elnem darauf arbeitenden Hoch- 4. Leiterplatte nach Anspruch 2, welter
umfassend     frequenzsignal, wobel die gedruckto Lelterplatte eine
Vlelzahl von auf der Lelterplatte angebrach-  an ine crate und sine zweite
Spannungsquelle ten Kondensatoren, wobel jeder Kondensator ei-
anschlieBbar ist, wobel das Verfahren die folgen- ne erste und eine zweite
Leltung aufwelst, die er-  io  den Schrltte umfalt: ste Leitung jedes
Kondensators an die erste Be-    Schaffen elner ersten und elner zweiten
Bezugs- zugsspannungsquelle fiber die erste Bezugs-        spannungeschicht
(152, 154), die an die crate spannungsschicht (152) elektrisch angeschlos-
bzw. die zweite Spannungsquedle anschilegbar sen ist und die zweitei
Leltung jedes Kondensa-   sind; tore an die zwelte Bezugsspannungsquelle
fiber  f6  Ausbilden elner elektrisohen Signalbahn In der die zwelte
Bezugsspannungsschicht (154) ange-      ersten Bezugsspannungeschicht
(152), die ge- schlossen bst.                                     genilber
dem Obrigen Tell der ersten Bezugs- spannungsschicht (152) Isollert bst;
und 5. Leiterplatte nach Anspruch 4, wobel die ersten     Ausbilden
elnerViiezahi von Bricken (270) in der Leitungen der Kondensatoren an die
erste Be-  2o   zwelten Bezugsspannungeschicht (154), die an
zugsspannungsschicht (152) Oiber esne Viizahl     die erste
Bezugsspannungsechicht (152) elek- von Durchgfingen angeschlossen sind und
wobei      trisch angeschlossen sind, wobel Jede Brficke die zweiten
Leitungen der Kondensatoren an die    (270) die elektrisehe Signalbahn in
derersten Be- zweite Bezugsspannungsschicht (154) Ober sine
zugsspannungsschicht (152) Oberspannt. zweite Vlelzahl von Durchgangen
angeschlossen   2S sind, die erste und die zwelte VielzahI von Durch-
gangen in der Niah der Signalleitung auf der er-  Revendleatlons sten
Bezugsspannungsschlcht (152) angeordnet und gegenflber dieser Signalleitung
elektrisch  1. Carte multicouche A circuits imprimes 3 connec- isollert
sind, die erste und die zweite Vie1zahl von   30  ter b une premlere at une
seconds source de ten- Durchgingen elne zusatzliche Abschirmung fOr
slon de r6ference, Iadite carte supprimant des In- eine
Hochfrequenzinterferenz der Signalleltung     terf6rences en radlofrequence
engendr6es par auf der ersten Bezugsspannungsschicht (152)        des
signaux A haute frequence presents dans schaffen.
des circuits 6lectroniques disposes sur la carte & 35      circuits
imprlm6s, laquelle comport.: 6. Lefterplatte nach Anspruch 1, wobel des
Mittel           une premlire couche d' interconnexion zur Verbindung der
ersten Bezugsspannungs-        (150) comportant une matibre 6lectriquement
schicht (152) mit der elektronischen Schaltung     conductrice formee en
une pluralit6 de chemins und das Mittel zur Verbindung der zwelten Be-
6lectriquement conducteurs pour interconnecter zugsspannungsschicht (154)
mit der elektroni-  40  lesdits circuits electroniques sur ladite carte;
schen Schaltung Durchgange umfassen, die die            une premibre couche
A tension de r6feren- ersts und die zweite Bezugsspannungsschicht        ce
(152) agenc6e pour Wtre connectee A la pre- (152,154) und die erste
Verbindungsechicht        mibre source de tension de r6ference, cette pre-
(154) durchdringen.                                minre couche A tension
de r6ference (152) 6tant 45      placee parallelement a ladite couche de
matiere 7. Leiterplatte nach Anspruch 1, welter umfassend
electriquement conductrice; sine zweite Verblndungeschicht (156) parallel
zu        une seconde couche A tension de r6feren- der ersten
Verbindungsschicht (150), wobei die     ce (154) agenceo pouretre
connecteaAla secon- erete und die zweite Bezugsspannungsschicht        de
source de tension de r6ference, cette seconds (152, 154) zwichen der ersten
und der zweiten   so  couche A tension de reference (154) dtant placee
Verblndungsschicht (150,156) angeordnet sind.      parallelement A la
premlire couche a tension de r6ference (152); 8. Lelterplatte nachAnspruch
1, wobel die Signallel-        desmoyens pourconnecterelectivement tung auf
der ersten Bezugsspannungsschicht         la premiere couche a tension de
referenoe (152) (152) an eine Hochfrequenzslgnalquelle an-  ss     aux
circuits 6lectroniques; schlieRbar ist und wobel die orate und die zweite
des moyens pourconnecterselectivement Bezugsspannungsschicht (152,154) die
Strah-       la second. couche a tension de r6ference (154) lung
elektrischer Hochfrequenzenergie von der      aux circuits 6lectroniques;
et 9    au moins un conducteur de signaux (254)     de signaux forme dans
la premlere couche A ten- 



forme sur la premibre couche A tension de refe-   sibn de reference (152)
et constituent un blinda- rence (152) et isole electriquementde la premie-
go additionnel dudit conducteur de sIgnauxform6 re source de tension de
reference, Is conducteur  dens la premiers couche A tension de refbrence de
signaux etant entoure des deux cotes par des   5  (152) contre des
Interferences en radlofr~quen- parties de la premiere couche A tension de
refe-  ce. rence (152) connectee a la premibre source de tension de
rftrence, Is conducteur de signaux  8. Carte selon la revendication 1, dans
laqueile lea- etant blinde au moyen de Is premiere (152) et de  dits moyens
pour connecter la premlAre couche la seconds couche A tension de reference
(154)  1o  A tension de reference (152) aux circuits blectro- pour
supprimer des interferences en radlofre-    niques et lesdits moyens pour
connector la se- quence entre un signal present sur le conducteur  conde
couche a tension de ref6rence (154) aux de signaux et des signaux presenth
sur lee che-  circuits blectroniques comportent des passages mins
conducteurs de Ia prsmiere couche d'1nter-  conducteurs traversants qul
p~netrent dens la connexion (150).                         5S      premnlre
et la seconds couche a tension de rMfM- rence (152, 154) et dens la
premiere couche d'On- 2. Carte selon la revendication 1, comportant en ou-
terconnexion (150). tre u ne pluralite de ponts electriquement conduo-
teurs (270) formes dans la seconde couche A ten-  7. Carte selon la
revendication 1, comportant on ou- slon de reference (154) et isoles
electriquement  20  tre une seconds couche d'interconnexion (156), de la
seconde source de tension de rAfdrenco,     parallele a la premiere couche
d'interconnexion ces ponts conducteurs (270) de la seconde cou-   (150), la
premiere etla seconde oouche A tension che A tension de reference (154)
enjambant le     de reference (152, 154) etant plac6es entre la conducteur
de signaux forrne dans la premlere     premlere et la seconds couche
d'Interconnexion couche A tension de r~fhrence (152). et etant  25  (150
156). connectes electriquement A la premiere source de tension de
reference.                      8. Carte solon la revendication 1, dans
laquelle le conducteur de signaux formb dens la premiere 3. Carte selon la
revendication 2, dans laquelle les  couche A tension de reference (152) est
agencd ponts conducteurs (270) de la seconde couche A   30  pour etre
connecte A une source de signaux A tension de reference (154) sont
connectes 6lec-   haute frequence, et dans laquelle la premlbre et
triquement a la premilre couche A tension de r6-  la seconde couche A
tension de refhrence (152, ference (152) par des passages conducteurs tra-
154) bloquent le rayonnement d'Anergle electri- versents qui penetrent dans
la premiere et la so-  quo A hautefrequence aliantdu conducteurde at- conde
couche A tension de reference (152, 154).  35  gnaux aux chemins
conducteurs de la premibre couche d'interconnexion (150). 4. Carte selon la
revendlcation 2, comportant en ou- tre une pluralitA de condensateurs
rnontes sur la  9. Procede de suppression de bruit en radiofre- carte,
chacun de ces condensateurs ayant une     quence dens une carte A circuits
Imprimes sur la- premibre et une second. borne, dont la premiere  40
quelle opere un signal A haute frequence, ladite borne east connectee
electriquement a la premniA-  carte btant susceptible d' etre connectee A
une re source de tension de reference par la premibre  premibre et une
seconde source de tension, le couche A tension de reference (152) et dont
la se-  procOde comportant les etapes dans lesquelles: conde borne est
connectee electriquement A Is          on menage une premiere et une
seconde seconde source de tension de ref~rence par la  4s  couche A tension
de r~ference (152, 154), sus- seconde couche A tension de reference (154).
ceptibles d'etre connectees respectivement a la premibre at a la soconde
source de tension; 5. Carte selon la revendication 4, dens laquelle les
on form. dans la preriere couche a ten- premibres bornes desdits
condensateurs sont      slon de ref6rence (152) un chemin de signal Alec-
connectbes a la promiere couche A tension de re-. so  trique qui est isole
electriquement du rests de la ference (152) par une premiere piuralite de
pas-  premiere couche 6 tension de reference (152); et sages conducteurs
traversants, et les secondes         on forms dens la seconde couche A ten-
bornes desdits condensateurs sontconneot6es A    sion de r~ference (154)
une pluralite de ponts la seconde couche a tension de reftrence (154)
(270) qui sont connectes electriquement a la pre- par une seconds pluralitA
de passages conduc-  e5  meire couche A tension de reference (152), cha-
tours traversants, et dans laquolle lesdits passa-  cun de ces ponts (270)
enjambant ledit chemin gos conducteurs traversants sont disposes a
formi  dans la premlire couche A tension de re- proximite et Isolas
electriquement du conducteur  ference (152). 10    


