
1                  0 019 437                        2 Radio frequency
interference suppression apparatus This invention relates to radio
frequency         proximity to a' metal surface- thereof, a first
interference (RFI) suppression apparatus. and       capacitor having
substantially planar dielectri- in particular, to a circuit arrangement
which       cally spaced plates one. of which, disposed suppresses RFI
radiation at an opening of an        between the other plate and metal
surface of RFI-shielded enclosure.                        6   the enclosure
in substantially parallel spaced re- Many electronic instruments, such as
corm-       lationship with that surface, forms therewith an puters and
radio and television  receivers,        additional air-dielectric
capacitor. The plates of contain circuits which produce or process
the first capacitor have respective terminals of electronic signals. In
doing so, the circuits can   which the first is coupled to an external
circuit also radiate radio frequency signals from their   10   connection
point from which emanation of RFI circuit elements and interconnections to
other      is to be suppressed; and second coupled to a point circuitry or,
even other instruments. The inter-   of RF reference potential to which the
circuit faring  radio  frequency  signals can  inter-       enclosure is
also coupled. The arrangement is modulate with other signals in the
instrument,      such that the connection point, first terminal thereby
creating noise signals or interference    15   and first capacitor form a
first resonant circuit patterns on the screen of a television receiver.
having a different maximum-impedance reso- To prevent such undesirable
radio frequency         nant frequency from  a second resonant fre
interference, steps must be taken to contain        quency formed by the
connection point, the first or prevent the radiation of RFI signals in the
terminaland theadditional capacitor. instrument.                       '
20       In the drawings: A common step employed to suppress RFI
FIGURE 1 illustrates, partially in block dia- interference is to enclose
the source of RFI        gram form and partially in schematic diagram
radiation in a metallic enclosure. The enclosure    form, a circuit
embodying the principles of the will confine RFI radiation within its
boundaries,   present invention; and  is typically grounded to  prevent the
25        FIGURE 2 illustrates, in block diagram form, radiation of RFI
signals by the enclosure itself.   the signal and RFI energy paths of the
circuit of However, the 'enclosure will generally have         FIGURE 1;
. openings in its walls to permit the entry of           FIGURE 3
illustrates a partial cross-sectional'   a power and signal conductors.
These openings        view and partial side view of an embodiment of can
permit RFI radiation to escape from the   30   the present invention;
interior of the enclosure, which can lead to          FIGURE 4 illustrates,
in schematic diagram RFI contamination of nearby circuitry. More
form, the circuit elements of the embodiment of significantly, the
conductors which leave the       FIGURE 3; enclosure will themselves act as
RFI antennas          FIGURE 5 illustrates typical response curves for high
frequency radiation. Even when all of   35    of the circuit of FIGURES 3
and 4; and the signal and power conductors are shielded;          FIGURE 6
illustrates the perspective view of as by the use of coaxial cable, there
will          an embodiment of the present invention. generally be some
circuit points at which the-        Referring to FIGURE 1, an RFI generator
10 is conductors emerge from  the  shielding to           shown enclosed in
a grounded, metallic en- become radiating antennas for' RFI signals.   40
closure 20. The RFI generator 10 may be, for Furthermore, extensive coaxial
cabling is un-       example, an integrated circuit device, a diode,
desirable, since it is both expensive and cumber-   or a transistor which
radiates RFI energy. A some. Thus, other steps may be taken to
specific RFI generator to which the principles of suppress RFI radiation
from conductors which        the present invention have been applied to
emerge from an RFI-shielded enclosure.        45    suppress RFI radiation
is a clocked charge- In GB-A-809386 'there is disclosed an
coupled device (CCD) comb filter integrated arrangement for suppressing
emanation of RFI at     circuit used to separate the luminance and harmonic
frequencies from conductors leading        chrominance signals in a
television receiver, as from  a shielding enclosure housing a high
'described in U.S. Patent 4,096,516, issued frequency generator, such
arrangement in-  50    June 20, 1978 to D. H. Pritchard. An incoming
cluding within the enclosure a capacitor which      video signal is clocked
through three CCD delay is connected in parallel with part of an. output
line stages of the comb filter, the outputs of conductor from the generator
and forms, with        which  are combined  to  develop separate the
inductance of that conductor part, a tapped     luminance and chrominance
signals. The three parallel resonance circuit which, together with   55
CCD  delay line stages are clocked at a 10.7 another capacitance  connected
or existing         MHz rate. This clock frequency and higher order between
the conductor and the enclosure, helps      harmonics thereof appear at the
power and out-    ' to suppress the harmonics. In contrast to this,     put
terminals of the CCD comb filter and its         I and with the result,
inter alia, of suppressing     shielding enclosure and, unless suppressed,
will interference  over a  wider bandwidth, the   60    be radiated to
other circuits of the television present invention employs, externally of a
receiver. While these radiated signals pose no metallically surfaced
circuit enclosure, in close   radiation threat to the user of the receiver,
the 2   



3                 0 019 437                       4 radiated signals are of
sufficient strength to    RF1 energy are coupled from the RFI genera cause
intermodulation problems in other cir-      10 to the [err] impedance as
shown by arrow 12. cuitry in the receiver. The harmonics of the'     The
output signal and some of the RFI energy 10.7 MHz clock signal extend
through the I.F.,    are coupled to impedance [err] and [err] at the VHF,
FM. and UHF bands of the-radio frequency  5   exterior of the  low
enclosure  20  from spectrum, and can intermodulate with received
impedance [err] Since [err] presents a high television signals to cause
severe beat patterns  impedance to the RFI energy, the output signal on
several viewed channels. The radiated RFI      is coupled to the
utilization circuit 40 sub- signals must therefore be suppressed to prevent
stantially free of RFI. The RFI energy flows to the this
intermodulationdistortion.              to  low RFI impedance [err] by way
of the signal path RFI  signal radiation is reduced to acceptable
indicated by arrow 32. The RFI energy is then levels in accordance with the
apparatus of the    directly coupled back to the grounded enclosure.
present invention. A typical signal conductor     20 through the impedance
[err] as shown by from the RFI generator 10 is shown leaving the    arrow
36, and is radiated back to the enclosure metallic enclosure 20 by way of
an impedance    15   20 from the impedance Zc as shown by arrow ZR. The
impedance ZR is coupled to a second      34. impedance [err] in series with
the signal path, and    An arrangement of circuit elements in a capacitor
Zc coupled. in shunt to ground, at a  accordance with the principles of the
present in- node 30. The other end of impedance [err] is         vention is
shown in FIGURE 3. A metallic coupled to ground by a second capacitor C2,
and   20   enclosure 20-is mounted on a printed circuit to a utilization
circuit 40. When employed in     board. 120 by inserting tabs 22 and 24
into conjunction with the CCD comb filter device de-   holes in. the board.
The enclosure 20 'contains scribed above, the circuit elements [err] and.
an integrated circuit 100 which is a source of C2 cooperate to form a low
pass filter in the    RFI energy.. RFI radiation through the printed
luminance or chrominance signal paths. The    25   circuit board 120 is
contained by a metallie- luminance information, for instance, is con-
shield 26 which is connected to the tabs tained in a bandwidth extending
from zero to      . beneath the circuit board. Signals from the inte- four
MHz. This low pass fiter rolls off at fre- grated circuit 100 are coupled
outside the en- quencies above four MHz so that only the         closure 20
by a resistor 110, which is coupled luminance information is contained on
the    30   to the integrated circuit 100 by a copper printed signal
conductor which is coupled to the          circuit connection on the
printed circuit board utilization circuit 40.
(not shown). One terminal -112 of the resistor Impedances [err]  and  [err]
present high            110  is locatedexternal to the enclosure and is
impedances to RFI energy contained on the         soldered to a printed
circuit connection 122 on signal path from the RFI generator 10. These   35
the surface of the board 120. A ceramic disc components may comprise
elements such as          capacitor 130  is located external to the ferrite
beads, resistors, or inductors. In the illustra-  enclosure 20 and  has a
terminal 136 soldered tive embodiments shown in the FIGURES, ZR is      to
the printed circuit connection 122, and a a resistor and [err] is an
inductor. Resistor [err]    terminal 138 connected through a hole in the
minimizes 'the conduction of RFI energy from    40   printed circuit board
120 to the enclosure tab the interior of the enclosure 20 to the node 30,
24 at solder connection 140. and inductor [err] minimizes the. conduction
of RFI    The ceramic disc capacitor 130 comprises a energy to the
utilization circuit 40.             ceramic wafer dielectric 133 located
between The capacitor 4 presents a low impedance        two metallic plates
132 and 134 The RFI to RFI energy at node 30. Without this   45   energy
present at resistor terminal 11 2, printed capacitor, RFI energy would be
freely radiated     circuit connection 122, and capacitor terminal by the,
leads of resistor ZR and inductor Z. to    136, is coupled to plate 132,
making this plate other areas of the instrument At higher           "hot"
with RFI energy. The capacitor plate 134 harmonic frequencies of the 10.7
MHz clock        is "cold" with respect to RFI energy, since it is signal,
for instance, these small leads act as   50    connected to the enclosure
20 by terminal 138. antennas for RFI energy. However, capacitor [err]
Thus, the "hot" plate will radiate RFI energy, effectively acts as a bypass
capacitor for most    whereas the plate 134 will not. RFI energy on of the
RFI energy at node 30,. conducting' it      plate 134 will be returned to
the enclosure 20 harmlessly to ground. Furthermore, capacitor Zc   which is
at the RFI reference potential (e.g. is so oriented that its RFI "hot"
plate (i.e., the    66    ground). plate coupled to node 30) is closely
spaced to       Without the ceramic disc'capacitor, resistor and faces the.
metallic enclosure 20 RFI energy  terminal  112 and printed circuit
connection 122 which is radiated from this plate of the capacitor  would
act as an antenna for RFI energy, is narrowly confined to the. area between
the    radiating  this energy  to  nearby circuitry capacitor Zc and the
enclosure 20. Energy  60    However the capacitor 130 prevents this
radiated from the capacitor to the enclosure is   radiation by conducting a
portion of the RFI then conducted to. ground by the metallic        energy
through the ceramic wafter 133 to the enclosure.
"cold" plate 134, and thence to ground by way This flow of signal and RFI
energy is more      of terminal 138. The balance of the RFI energy fully
shown in FIGURE 2. An output signal and    65    at the terminals 112, 136
and the connection 



3    5                  0019437                         6 22 is radiated
from the surface of the plate     curve 250 predominates (L1 30 and [err]).
Thee- 32 toward the metallic enclosure 20, as           fore, the circuit
arrangement of FIGURES 3 a shown by arrows 150. This RFI energy is thus
4 is seen to provide a low impedance for RFI confined to the area between
the ceramic disc     energy over the full range of VHF and UHF tele-
capacitor 130 and the enclosure 20, and is re-    5    vision frequencies.
turned to ground by way of the enclosure 20.         A perspective view of
an arrangement in As a matter of fact, the circuir arrangement
accordance with the present invention is shown of FIGURE 3 actually
includes two filter circuits  in FIGURE 6. A terminal of a resistor 100 for
RFI energy. The resistor terminal 112, the    extends through an opening in
metallic en- printed  circuit connection  122, and  the    10   closure 20
and into a hole in printed circuit capacitor terminal 136 together comprise
a        board 120. A metallic printed circuit con- conductor with an
inductive reactance. This       nection 122 on the surface of the board 120
inductive reactance is coupled to ground by the   connects the resistor 110
to a capacitor 130 ceramic disc capacitor body, including the plate  and an
inductor 160. The junction of these three 132, and wafer 133, the plate 134
and    is   circuit elements comprises the radiating node terminal 138. The
inductive reactance is also     30. shown in FIGURE 1. Capacitor 130 has a
coupled to ground through the plate 132 and       terminal 136 connected to
the printed circuit the enclosure 20 by way of the air dielectric
connection 122 and to the "hot" side of the therebetween. Consequently, it
is seen that the   capacitor, which faces the enclosure 20. The plate 132
and the enclosure 20 serve as the    20   "cold" side terminal 138 is
connected through a plates of a second capacitor, which has a         hole
in the circuit board 120 to the enclosure dielectric consisting of the air
between them.    20 on the underside of the board (not shown in The filter
circuits thus formed by these        this illustration). The inductor 160
is coupled elements is shown in FIGURE 4. The inductive      between the
printed circuit connection 122 and reactance is shown as L130. and the air
25   a second metallic printed circuit connection dielectric capacitor is
shown as [err] The two      162 which is a signal path to other utilization
filter circuits, which share the same inductor    circuitry (not shown).
RFI energy from node 30 L1 30 and which will have resonant frequencies
is bypassed to the grounded enclosure 20 determined by the effective
lengths of the        through the capacitor 130, and is radiated back
inductively reactive elements and the values of   30.  to the enclosure
from the "hot" side of the the capacitors. Typical response curves for the
capacitor. two filter circuits are shown in FIGURE 5. For       The
impedance [err] and capacitor C2, which example, if the ceramic disc
capacitor 130 has a  form the low pass filter described in FIGURE 1, value
of 150 pf, and the combined length of       may be omitted if low pass
filtering is not. terminal 112, connection 112, and terminal   35   desired
on the radiating conductor. This could 136 is 0.75 inches (19 mm), this
filter circuit   be the case, for instance, when capacitor [err] is will
have a resonant frequency between 50 and     used to suppress RFI radiation
from a power 60 MHz, as illustrated by response curve 230.     conductor
which enters the enclosure 20. (This resonant frequency can be increased or
decreased by decreasing or increasing the   40   Claim length of the
inductively reactive elements, re- spectively.) Furthermore, if the ceramic
disc        Apparatus for suppressing emanation of capacitor 130 has a
diameter of approximately     radio frequency interference radiation from a
one-half inch (12,50: mm) and is closely spaced   circuit connection point
(122) of a circuit con- with respect to the enclosure 20. capacitor [err]
45   tained in a circuit enclosure (20) coupled to a will have a value on
the order of 10 to 20 pf,    point of radio frequency reference potential,
and the filter circuit containing this capacitor  with a capacitor (130)
coupled between said will have a resonant frequency of approxi-
circuit connection point and said point of radio mately 200 MHz, as shown
by response curve        frequency reference potential, characterised in
250. Since the two resonant frequencies are   so   that said capacitor
(130), comprising sub- separated by approximately 150 MHz, the
stantially planar dielectrically spaced first and impedance of sthe
circuits over the range of RFI  second plates (132, 134) with respective
first frequencies will always be low, since the lower   and second
terminals ( 36, 138) coupled impedance circuit will predominate at any
thereto, has said first and second terminals particular frequency. For
instance, in the case of   55   coupled to said connection point (122) and
to the CCD comb filter device described above, it is  said  point of radio
frequency  reference desirable to prevent RFI radiation over the range
potential, respectively, and is located externally of VHF television
frequencies (55 to 216 MHz)     of said enclosure (20) in close proximity
to a and over the range of UHF television fre-         metallic surface
thereof, with said first plate quencies (470 to 890 MHz) to prevent inter-
60  (132) disposed between said metallic surface fering beat patterns in
the received television   and said second plate (134) is substantially
image. It is seen that a low RFI impedance is     parallel spaced
relationship with said surface 



provided by response curve 230 (L130 and          whereby to form
therewith  an  additional capacitor 130) from 55 MHz to approximately
capacitor (CRFI) having an air dielectric, such 90 MHz, and that above 90
MHz, response    65  that said connection point (122), said first 4    5
0. 019 437                     6 22 is radiated from the surface of the
plate    curve 250 predominates (L1 30 and [err]). There- 132 toward the
metallic enclosure 20, as         fore, the circuit arrangement of FIGURES
3 a shown by arrows 150. This RFI energy is thus       4 is seen to provide
a low impedance for RFI confined to the area between the ceramic disc
energy over the full range of VHF and UHF tele- capacitor 130 and the
enclosure 20, and is re-    5    vision frequencies. turned to ground by
way of the enclosure 20.         A perspective view of an arrangement in As
a matter of fact, the circuir arrangement    accordance with the present
invention is shown of FIGURE 3 actually includes two filter circuits  in
FIGURE 6. A terminal of a resistor 100 for RFI -energy. The resistor
terminal 112, the   extends through an opening in metallic en- printed
circuit connection  122, and  the    10   closure 20 and into a hole in.
printed circuit capacitor terminal 136' together comprise a       board
120. A metallic printed circuit con- conductor with an inductive reactance.
This        nection 122 on the surface of the board 120 inductive reactance
is coupled'to ground by the    connects the resistor 110 to a capacitor 130
ceramic disc capacitor body, including the plate   and an inductor 160. The
junction of these three 132, and wafer 133, the plate 134, and    15
circuit elements comprises the radiating node terminal 138. The inductive
reactance is also      30, shown in FIGURE 1. Capacitor 130 has a coupled
to ground through the plate 132 and    terminal 136 connected to the
printed circuit the enclosure 20 by way of the air dielectric
connection 122 and to the "hot" side of the therebetween. Consequently, it
is seen that the    capacitor, which faces the enclosure 20. The plate 132
and the enclosure 20 serve as the    20   "cold"side terminal 138 is
connected through a plates of a second capacitor, which has a.         hole
in the circuit board 120 to the enclosure dielectric consisting of the air
between them.     20 on the underside' of the board (not shown in The
filter circuits thus formed by these        this illustration). The
inductor 160 is coupled elements is shown in FIGURE 4. The inductive
between the printed circuit connection 122 and . reactance is shown as
L130, and the air   25   a second metallic printed circuit connection .
dielectric capacitor is shown as [err] The two     162, which is a signal
path to other utilization filter circuits, which share the same inductor
circuitry (not shown). RFI energy from node 30 L130 and which will have
resonant frequencies       is bypassed to the grounded enclosure 20
determined by the effective lengths of the        through the capacitor
130, and is radiated back inductively reactive elements and the values of
30.  to the enclosure from the "hot" side of the the capacitors. Typical
response curves for the    capacitor. two filter circuits are shown in
FIGURE 5. For       The impedance [err] and capacitor [err] which example,
if the ceramic disc capacitor 130 has a  form the low pass filter described
in FIGURE 1, value of 150 pf, and the combined length of        may be
omitted if low, pass filtering is not terminal 112, connection 112, and
terminal   35   desired on the radiating conductor. This could 136 is 0.75
inches (19 mm), this filter circuit .  be the case, for instance, when
'capacitor [err] is will have a resonant frequency between 50 and     used
to suppress RFI radiation from a power 60 MHz, as. illustrated by response
curve 230.    conductor which enters the enclosure 20. (This resonant
frequency can be increased or decreased by decreasing or increasing the
40   Claim length of the inductively reactive elements, re- spectively.)
Furthermore, if the ceramic disc      Apparatus for suppressing emanation
of capacitor' 130 has a diameter of approximately    radio frequency
interference radiation from a one-half inch (12.50 mm) and is closely
spaced     circuit connection point (122) of a circuit con- with respect to
the enclosure 20, capacitor [err]  45   tained in a circuit enclosure (20)
coupled to a will have a value on the order of '10 to 20 pf,   point of
radio frequency reference potential, and the filter circuit containing this
capacitor  with a capacitor (130) coupled between said will have a resonant
frequency of approxi-        circuit connection point and said point of
radio mately 200 MHz, as shown by response curve        frequency reference
potential, characterised in 250. Since the two resonant frequencies are
50   that said capacitor (130), comprising sub- separated by approximately
150 MHz,, the         stantially planar dielectrically spaced first and
impedance of the circuits over the range of RFI   second plates (132, 134)
with respective first frequencies will, always be low, since the lower  and
second terminals (136, 138) coupled impedance circuit will predominate at
any         thereto, has said first and second terminals particular
frequency. Forinstance, in the case of   55   coupled to said connection
point (122) and to the CCD comb filter device described above, it is  said
point of .radio  frequency  reference desirable to prevent RFI radiation
over the range    potential, respectively, and is located externally of VHF
television frequencies. (55 to 216 MHz)    of said enclosure (20) in close
proximity to a and over the range of UHF  television fre-        metallic
surface thereof, with said first plate 



quencies (470 to 890 MHz) to prevent inter-   60  (132) disposed between
said metallic surface fering beat patterns in the received television  and
said second plate (134) is substantially image. It is seen that a low RFI
impedance is     parallel spaced relationship with said surface provided by
response curve 230 (L130 and          whereby to form  therewith  an
additional capacitor 130) from 55 MHz to approximately       capacitor
(CRFI) having an air dielectric, such 90 MHz, and that above 90 MHz,
response    65  that said connection point (122), said first    7
0 19 437                       8 terminal (136), and said capacitor (130)
form a    r6sonant, lesdits premier et second circuits ri- first resonant
circuit, and that said connection   sonants ayant des fr6quences
diff6rentes de re- point (122), said first terminal. (136) and said
sonance auxquelle  Us iprdsentent des admit- additional capacitor form a
second resonant        tances maximales. circuit, said: first :and second
resonant GrCUitS  5 having different resonant frequencies at which they
exhibit maximum'admittancies.               ..Patentaspruch se-: '
Revendicafion                  -    :          Einrichtung zum
Unterdrucken, einer Abstrah- .. e. dia.io.
.lung von Hochfrequenzstorstrahlung von'einem Apparei. pour supprimer
lemanation d'un    '    -Schaltungsanschlulpunkt (122) einer Schal- , .
reyonnement d'interference. a haute frequence       tung, Welche in einem
mit einem  Hochfre- d'un point de connexion de'circuit (122) d'un
quenzreferenzpotentialpunt gekoppelten Schal- '7   h,:circuit contenu dans
une enceinte de circuit (20)  tungsgehaIuse (20) an eordnet ist, mit einem
,      A coupleeaune- point de potentiel dereferencea 15 zwischen den
Schaltungsanschlugpunkt und coup~e  Aunopoin    de  otetieldo  rfirnce
~ 5 den~    Hochfrequ nze rn po nt8pf~ g- haute.frequencei:avec un
condensateur (130)                       enzreferenzpotentialpunkt ge-
coupl6 entre ledit point de connexion du circuit  :koppelten Kondensator
(130), dadurch gekenn- et ledit point de potentiel de reference A haute
zeichnet, daS der Kondensator (130), welcher frequence, caracterise en ce
quo ledit conden-      Sine erste und eine zweite Platte (132,I134), die
sateur (130), comprenant des .premiere et           im wesentlichen eben,
durch ei Dielektrikum seconds armatures (132. 134) didlectriquey     2
getrennt sowie mit einem ert  b -zweiten AnschluB (136, 138):gekoppelt
sind, ment espac6es' et sensiblement plates avec des
enhtmtdmrsn.bwdezeinA- ^.: premiere et. seconde bornes'respectives (136
SOnSha mit dem Anschlut punkt (1 22) bzw. dAm 1:38) qui leur sont couplees,
a ses. premiire et              '                       e elt seconds bomes
couples aui'oitd  cn                   ochfrequenzreferenzpotentialpunkt
gekoppelt: second  bome coup6es audit point de con-    2 nexion (122) et
audit point de potentiel de r6fe-    25 - und auterhaib des Gehauses (20)
in naher rence haute fr6quence respectiverent, et
Zachbarschaft einer metallischen Flache hier- '. t;,  trouve a I'exterieur
do ladite enceinte (20) trs:  , vn angeordnet ist, wobei die erste Platte
(132) *   pres d'une surface m6tallique.de celle-ci, ladite    zwischen der
metallischen Flche und der peieearatr1 tdisposee entre  ' zweiten Platte
sowie. im wesentlichen parallel. ,reailadite armatur  130    und im Abstand
von dieser FRche angeordnet adtsurface m6tallique et ladite seconds
armature  (134): en  relation  sensiblement         ist, um mit dieser
einen zusatzlichen'Konden- parallele et espac6e avec ladite surface pour
sator (CRFI) mit Luftdielektrikum zu bilden, so : former ainsi avec elle un
condensateur supple-  ,  -daB der AnschluBpunkt, (122), der erste An-
schiu. (136) und der Kondensator (130) einen .*qntairel (CRFitpaynt
undcdilectriqon     A air do    35   ersten Resonanzkreisbiden,undder
AnschluB- fapon qua ledit point do  dinnxon d (2ateu          punkt (122),
der erste AnschluI (136),und.der' que ledit pointde .connxion-(122), ladite
sonnzkrei bidnwobiderseund-der                  . . premiere borne (136) et
ledit condensateur        -zuite  Kesondenzk    tor oemen zweiten Re-
*.(130) torment un premier circuit r~sonant, etsnazribien    bidrestuddr
quo  Weit point de con nexion (122), ladite   .. zweite Resonanzkreis
verschiedene Resonanz, premire borne. (136) et uedit condensateur    4
frequenzen aufweisen, bei denen sie maximal suippidmentaire: forment- fin
second  circuit     Shiliwrehbn .. , . - , - , ~~Scheinleitwerte haben. 45
.50 55 .60. 5    


