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stray capacitance. Stray capacitance is the result of the location of a
component relative to other elec- The present invention relates to the
trimming of  tronic components and the chassis. The stray ca- capacitance
such as in the tuners of television sets  pacitance of a component to
chassis ground, or to or the like, and more particularly to a trimmer of
5   some other component, is a distributed capaci- capacitance, said
trimmer being unitary with a      tance (i.e., the sum of very large number
of point- component mounted onto a printed circuit board. In  to-point
capacitances) and is a function of many this connection  reference is made
to  US-A-        things such as the orientation of the components,
4,485,382.                                          the route taken by
printed circuit board conductors, In high frequency tuner circuits of
television   io  and the distance of the particular component to sets, FM
radios, VCR's, and the like, it is neces-  other electrical components
including  chassis sary to optimize particular circuits within each
ground and grounded circuit board conductors. In chassis, e.g., to slightly
change or "trim" circuit  RF circuits, such adjustment or trimming of
capaci- parameters. The trimming of capacitance is also     tance needs to
be a very small amount, usually a important in tuners which require
tracking of the   is  fraction of a picofarad (pf). The trimming of stray
tuning of various sections, for example, the an-    capacitance is usually
so small that it is impractica- tenna, the local oscillator, and RF
amplifier. In a  ble to use a separate adjustable component for like
manner, for intermediate frequency (IF) cir-   trimming circuit values.
cuits, trimmer capacitors can be used to tailor the     The value of a
capacitor, including a "stray shape of the bandpass (IF) circuits on each
particu-   20  capacitor", is a function of the area of the "plates" lar
chassis.                                        or the opposing surfaces of
the capacitor, the dis- Further, even in audio circuits with feedback,
tance between the plates, and the dielectric con- the high frequency
response of the circuit can be   stant of the material disposed between
plates. For adjusted using trimming capacitors in order to op-  stray
capacitance, the dielectric material is air, hav- timize response. This can
be accomplished, by   25  ing a dielectric constant close to 1.0. As the
spac- small adjustment of capacitance across a feedback   ing between
capacitor plates is made smaller, the resistor in order to tailor the
response of the par-  capacitance increases, and as the spacing between
ticular circuit in the particular chassis to optimize  the plates is made
greater, the capacity decreases. the transient response or adjust high
frequency         Changing component orientation on a printed roll-off.
so  circuit board is usually not available for changing As the frequency of
interest increases, the      stray capacitance because the orientation is
usually trimming of circuit components becomes more         chosen for
other reasons, e.g., minimizing circuit critical and difficult. For
example, in the RF section  board area. More importantly, orientation is
not of an FM tuner, or in UHF or VHF tuners of a        adjustable from
chassis to chassis. Obviously, television set, or VCR, very small changes
of ca-  35  there is no choice in the dielectric of a stray pacity can
result in substantial changes in the     capacitor. Accordingly, the only
avenue open to resonant frequency of a tank circuit, or the like.  change
stray capacitance is by changing the dis- Component trimming, and
particularly capaci-    tance between the two effective plates forming the
tance trimming, is necessary because of variations  capacitor. in circuit
values during a production run. Compo-   40  This choice of distance can be
effectuated by nent values of inductors, resistors, and capacitors
selection of the relative positions (distance) be- with very low
tolerances, e.g., a 5 percent toler-  tween components and their
orientations relative to ance, can be prohibitively expensive, particularly
in  each other (facing rather than orthogonal). Once a consumer product
where competition requires       this is determined, some adjustment can be
made striving for the lowest possible cost consistent with  45   with lead
dress, i.e. positional adjustment of the performance. In addition, high
frequency coils may  leads of a component towards or away from a exhibit
slight changes of inductance, stray capaci-  ground surface and other
components. For compo- tance between the turns, or stray capacitance to
nents mounted onto a printed circuit board, the ground due to slight
changes in their winding con-  lead dress or lead lengths are substantially
fixed. figuration or their orientation. Furthermore, even   so   This
severely limits the ability to adjust stray ca- though theoretically
uniform printed circuit boards  pacitance. are used, in practice, there can
be slight changes      In the case of terminals installed on a printed in
the formulation of the dielectric material which  circuit board, the
terminals are thick and rigid, and can make a difference from set to set.
Thus, it is  are rigidly staked to the board. Such terminals are not
practical to build UHF and VHF tuners, or the  55   unsuited for bending
for capacitance trimming, and like, without some production adjustment.
cracking of the board may occur if such an attempt In tuners and the like,
adjustment of compo-    is made. nent values is often accomplished by
adjusting 2  



3                 EP 0 384 326 B1                   4 One approach which
has been tried for trim-    Detailed Description of the preferred
Embodiment ming of capacitance is to insert a separate lead into an
aperture of a printed circuit board which is  Referring now to the drawings
wherein like also used to receive a component lead or into a   reference
numerals have been applied to like mem- separate aperture in a conductor
"pad" electrically   5   bers, there is shown in FIGURE 1 a coil (induc-
connected to the component lead. The separate     tance) 10 which comprises
a plurality of turns and lead Is positionally adjusted with respect to a
is mounted on a printed circuit board 12 having an ground surface or to
other components for chang-  component mounting side 14, and an etched cop-
ing the capacitive coupling to the associated com-  per conductor side 16
having various printed circuit ponent. This approach has proved not to be
prac-  10  conductors 20 disposed thereon. The leads 22 and ticable
inasmuch as the separate lead has no se-  24 of component 10 are unitary
with and emanate cure mounting to hold its vertical position with  from
component 10 in a generally parallel relation- respect to the printed
circuit board, or to cause it to  ship and are inserted through apertures
26 and 28 stay installed on the board during assembly and   respectively.
Coil 10 is secured to, and electrically soldering procedures. Accordingly,
it is desirable to  15  connected to, printed circuit board 12 by solder
33, provide for an economical and reliable adjustment  usually accomplished
by a wave soldering proce- of capacitance for television tuners and the
like  dure. during production.                                   As shown
in FIGURE 1, at least one of the leads, in the exemplary embodiment, lead
24, has Summary of the Invention                     20  an integral
extension portion thereof 30 bent back onto itself with about a 180 degree
change of Briefly, the present invention concerns appara-  direction. The
integral extension 30 extends back tus for adjusting capacitance between
external cir-  through aperture 28 and further extends outwardly cuitry and
an electronic component. Specifically, at  from printed circuit board
surface 14 forming an least one of the leads of the component is config-
25  extended distal portion or leg 32. As shown, distal ured to provide
integral means for adjustment of  portion 32 extend generally
perpendicularly to sur- capacitance. The configured lead is bent in a tur-
face 14, is secured at portion 30 by solder pad 33 nabout of approximately
a 180 degree change of    and is unsecured at the other end of leg 32.
direction such that when the component is moun-      Distal portion 32 of
lead portion 30 is ted onto a printed circuit board or the like by the   30
positionally adjustable as shown, by a representa- configured lead as well
as at least one other lead,    tive phantom position 34, by being angularly
bent the bent portion of the lead distal of the component  with respect to
the plane of board 12. The bending extends above the board and is
positionally adjust-  preferably occurs while one or more electrical char-
able for providing capacitive coupling to other com-  acteristics of the
circuit in which coil 10 is con- ponents and/or ground. The adjustment of
capaci-  35  nected are being monitored, and therefore is ac- tance is
accomplished by an angular change of the  complished with a plastic or
non-conductive probe position the lead portion away from an axis per-  so
that the adjustment tool does not itself affect the pendicular to the
board, and the directional or   test. Lead portion 32 when bent, can be
brought bearing position of the lead portion relative to the  close to or
away from external circuitry and compo- components and/or ground surface.
40  nents (not shown), or a chassis ground surface, or a printed circuit
conductor pad, which can be Description of the Drawings
grounded. The more acute angle lead portion 32 makes with the plane of
board 12, the closer the For better understanding of the present inven-
average distance of the portion 32 to adjacent tion, reference may be had
to the accompanying   45  board components or ground conductors, and the
drawings wherein:                                larger the distributed
capacitance coupled to com- FIGURE 1 is a diagrammatic representation of a
ponent 10 by way of lead 24. In this manner, the coil component mounted on
a printed circuit    distributed capacitance to lead portion 32 can be
board according to an aspect of the present    adjusted or trimmed. This
selective positioning of invention.                                50  lead
portion 32 with respect to a ground plane FIGURES 2a, b, and c and d are
schematics of   chassis, or other adjacent components permits ad- various
configurations having adjustable capaci-  justment of the particular
circuit wherein compo- tance as provided by the invention of FIGURE 1.
nent 10 functions. FIGURE 3 is a schematic of a portion of a tuner    The
positioning of lead 32 can also be a bear- useable in a television set or
the like including  55  ing or directional position adjustment (not shown)
aspects of the present invention of FIGURE 1.  as well as an angular
adjustment shown in FIGURE 1. In other words, lead 32, can be bent within
90 degrees of perpendicular to board 12 and in any 
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such as out from the plane of the paper of  FIGURE 2d shows the circuit of
FIGURE 2c FIGURE 1. Additionally, if appropriate, lead 22 can  with the low
side (lead 22) of inductance 10 being be similarly configured as is lead
24.           coupled to ground through resistance R. In the exemplary
embodiment, the coil 10 is a    Referring now to FIGURE 3, there is shown
an one and a half turn inductance such that the leads   5   exemplary
portion of an RF tuner wherein capaci- 22 and 24 will emanate from
component 10 in the    tance provided according to the invention can be
same direction for connection to printed circuit  used to optimize the
circuit. FET transistor 40 is a board 12. It is within contemplation of the
present  RF amplifier having a plurality of input gates 42, 44 invention
that component 10 can be a resistor, or a  and operating in a manner known
in the art, i.e., capacitor, or an active component such as a tran-  10
signal is applied to gate 44 and AGC voltage sistor with a configured lead
such as lead 24.   applied to gate 42. Source 46 is coupled to AC In the
exemplary embodiment, leg 32 extends  ground through capacitor 48 (the DC
circuit com- about 0.5 inch above the printed circuit board 12  prising a
resistor is not shown). Drain 50 is AC and provides a range of capacitance
adjustment of  coupled to varactor diode 52 through capacitor 54
approximately 0.6 picofarad (pf). Where appropri-  15  (the DC circuit to a
supply voltage is not shown). ate, the length of lead portion 32 can be
shortened  The bias, and hence the capacitance of varactor by cutting in
order to further trim the coupling  52, is determined by the bias voltage
applied to capacitance.                                     terminal 56
through isolation resistor 58 connected Leg 32 is shown as an extended
portion of lead  to the cathode of varactor 52. The cathode of portion 30
which has a "U" shaped configuration  20  varactor 52 is AC coupled to
ground through ca- with a change of lead direction of 180 degrees   pacitor
60. The DC return of the anode of varactor forming an elogated extension of
lead 30. The term  52 is provided through a coil L1. Varactor 52 is "U"
shaped configuration used herein is intended  placed across coil L1 for
resonating with coil L1 at to include configurations where the lead
portions  a predetermined frequency such as the picture 30 and 24 are
touching without any space there-  25  carrier frequency of a television
channel. between.                                            Coil L1 is the
primary coil of a double-tuned Referring now to FIGURE 2, there is shown
tank circuit, and is inductively coupled to a secon- some of the possible
equivalent circuit configura-  dary coil L2 which, in a like manner to the
circuit of tions of the component 10 shown in FIGURE 1.     primary coil
L1, is tuned by a varactor 62. Varactor FIGS 2a shows inductance 10 with
capacitance C   30  62 changes to capacitance in accordance with the to
ground provided by lead 32 being adjustable   voltage applied via isolation
resistor 64 from termi- relative to grounded external components or chas-
nal 56. Also, in a like manner to the circuit of sis according to the angle
and direction of bending.  primary coil L1, the cathode of varactor 62 is
AC In such a situation lead 22 is grounded by an    coupled to ground by
capacitor 66, with the DC appropriate circuit board conductor 20 with lead
32  35  return of varactor 62 being provided by coil L2. electrically
connected to the high potential side of  The double-tuned primary and
secondary circuits coil 10. Lead 32 in the upright position will intro-
are intended to track one another over a given duce some small amount of
capacitance which is  frequency range in.accordance with the voltage -
negligible compared to the value of the stray ca-  applied to terminal 56.
pacitance provided by the the position of leg 32  40  Coils L1 and L2 are
inductively coupled by after adjustment.
placement parallel and proximate to each other on Referring now to FIGURE
2b there is shown    the printed circuit board 12. The mutual coupling
inductance 10 with stray capacitance C coupled to  between the two coils L1
and L2 is adjustable by an adjacent component through a connection point.
bending the coils towards or away from each other As with the circuit shown
in FIGURE 2a, leg 32 is  45  at a frequency lower than the resonant
frequency. electrically connected to high side lead 24 of in-  In this
exemplary embodiment, capacitor C1 ductor 10 with lead 22 being grounded by
one of  provided by leg 32 attached to coil L1 (as shown in printed circuit
conductors 20.                   FIGURE 1) provides capacitance as shown in
FIG. Referring now to FIGURE 2c there is shown    2a for trimming to
resonate the tuned circuit com- inductance 10 with capacitance C being
provided  50  prising the primary coil L1 and varactor 52 to the by leg 32
with the capacity C coupling inductance  same frequency as the tuned
circuit comprising the 10 with an inductance L, another coil present on
secondary coil L2 and varactor 62. Thus, due to the printed circuit board
in the vicinity, adjacent to,  component tolerances, trimmer capacitance C1
is or in close proximity with inductance 10. As with  added across L1 for
both tank circuits to resonate FIGURES 2(a) and 2(b), inductance 10 is
grounded  55  at the same frequency. on one side, and inductance L is also
grounded on   In a like manner, coil L2 can be constructed 



one side (which need not be the case), and leg 32  similar to coil L1 with
its respective leg 32 (FIG- is connected to the high potential side of coil
10.  URE 1) adjustably providing capacitive coupling to 4    7
EP 0384326 B1                      8 proximate coil L1 for providing
capacitance C2         to said first direction back through the respec-
between coil L1 and L2 as shown in FIGURE 2c.         tive aperture of said
printed circuit board, said The effect of capacitor C2 is to reduce the
mutual    lead portion being unsecured above the print- inductance betwen
coils L1 and L2 at higher fre-       ed circuit board and positionally
adjustable quencies where the "Q" of the tank circuit is higher   5  with
respect to said component (10) and acting ' and the corresponding bandwith
would be reduced.        as one plate of an adjustable capacitive cou- The
signal output from the double-tuned cir-       pling to another element.
cuits including L1 and L2 is coupled through induc- tance 68 to a load
resistance 70 which is con-     2. The apparatus of claim 1 wherein said
elec- nected to ground. The output signal at terminal 72   10  trical
component (10) is an inductance com- is developed across resistor 70, and
can be coup-      prising at least 1.5 turns of wire. led to a mixer (not
shown), or to a succeeding amplification stage (not shown) for further
amplifi-  3. The apparatus of claim 1 wherein the bent lead cation.
forms a generally "U" shaped configuration Thus, leg 32, integrally
connected to a compo-   15  (30). nent lead and unitarily connected to an
electronic component (as shown in FIGURE 1), can be used      4. The
apparatus of claim 1 wherein the length of for providing small amounts of
adjustable capaci-     the lead portion (32) above the board is adjust-
tance to ground and to other components. Unitary       able. capacitance
trimmers disclosed herein can also be   20 used in conjunction with other
unitary capacitance  PatentansprUche trimmers of other proximate
components, i.e., stray capacitance between a pair of unitary capacitance
1. Vorrichtung zum  Kapazitatstrimmen, beste- trimmers.
hend aus Thus there is disclosed a capacitive trimmer,  25  einer
Leiterplatte (12), integral with the lead on an electronic component
einem elektronischen Bauteil (10), and unitary with the electronic
component, for pro-    mindestens zwel elektrisch leitenden Zuleitun-
viding adjustable stray capacitance coupling to said   gen (22, 24), die
vom genannten Bauteil in component mounted onto a printed circuit board.
vorbestimmten Richtungen abstehen, um das Additionally, the configured lead
also secures the   30  Bauteil an die umgebende Schaltung elektrisch
component to the printed circuit board by providing    anzuschliefen, wobei
diese Zuleitungen in ei- a soldered electrical connection to appropriate
ner ersten Richtung durch 6ffnungen (26, 28), printed circuit board
conductors.                      die in der Leiterplatte (12) angeordnet
sind, In a like manner, the electronic component by      verlaufen konnen,
urn die elektrische Verbin- virtue of its secure mounting to the printed
circuit  3S  dung des Bauteils mit Leiterbahnen (20) si- board both before
and after soldering, maintains       cherzustellen, die auf einer
Oberfliche (16) der the initial orientation position of leg 32 before ad-
Leiterplatte angeordnet sind, dadurch gekenn- justment (bending) thereof.
zeichnet, daS mindestens eine der genannten Zuleitungen um ungefihr 180  in
die entge- Claims                                        40
gengesetzte Richtung umgebogen ist und ei- nen Zuleitungsabschnitt (32)
aufweist, der sich 1. Capacitive trimming apparatus, comprising:         in
einer zweiten, der ersten entgogengesetzten a printed circuit board (12);
Richtung durch die entsprechende C5ffnung der an electronic component (10);
Leiterplatte zurfck erstreckt, wobei der Zulel- at least two electrically
conductive leads   45  tungsabschnitt oberhalb der Leiterplatte nicht
(22,24) emanating from said component in re-       befestigt und seine
Stellung relativ zum Bauteil spective predetermined directions for
electrical   (10) justierbar ist und er als eine Platte elner coupling of
said component to external cir-        justierbaren kapazitiven Kopplung zu
einem cuitry, said leads being extendable in a first     anderen Bauteil
arbeitet. direction through apertures (26,28) disposed in  50 said printed
circuit board (12) for securing    2. Vorrichtung nach Patentanspruch 1, in
der das electrical connection of said component to         elektrische
Bauteil (10) eine Spule ist, die min- printed circuit conductors (20)
disposed on a      destens 1,5 Drahtwicklungen umfaBt. surface (16) of said
printed circuit board, and 



characterized by at least one of said leads   55   3  Vorrichtung nach
Patentanspruch 1, in der die being bent back in approximately a 180 degree
gekrUmmte Zuleitung eine im wesentlichen reversal of direction and having a
lead portion    "U"-f6rmige Anordnung (30) bildet. (32) extending in a
second direction opposite 5    7                 EP 0 384 326 B1
8 proximate coil L1 for providing capacitance C2        to said first
direction back through the respec- between coil L1 and L2 as shown in
FIGURE 2c.         tive aperture of said printed circuit board, said The
effect of capacitor C2 is to reduce the mutual    lead portion being
unsecured above the print- inductance betwen coils L1 and L2 at higher fre-
ed circuit board and positionally adjustable quencies where the "Q" of the
tank circuit is higher   5  with respect to said component (10) and acting
and the corresponding bandwith would be reduced.      as one plate of an
adjustable capacitive cou- The signal output from the double-tuned cir-
pling to another element. cuits including L1 and L2 is coupled through
induc- tance 68 to a load resistance 70 which is con-     2. The apparatus
of claim 1 wherein said elec- nected to ground. The output signal at
terminal 72   10  trical component (10) is an inductance com- is developed
across resistor 70, and can be coup-     prising at least 1.5 turns of
wire. led to a mixer (not shown), or to a succeeding amplification stage
(not shown) for further amplifi-  3  The apparatus of claim 1 wherein the
bent lead cation.                                               forms a
generally "U" shaped configuration Thus, leg 32, integrally connected to a
compo-  15  (30). nent lead and unitarily connected to an electronic
component (as shown in FIGURE 1), can be used      4. The apparatus of
claim 1 wherein the length of for providing small amounts of adjustable
capaci-     the lead portion (32) above the board is adjust- tance to
ground and to other components. Unitary       able. capacitance trimmers
disclosed herein can also be   20 used in conjunction with other unitary
capacitance  PatentansprUche trimmers of other proximate components, i.e.,
stray capacitance between a pair of unitary capacitance  1. Vorrichtung zum
KapazitAtstrimmen, beste- trimmers.
hend aus Thus there is disclosed a capacitive trimmer,  25  einer
Leiterplatte (12), integral with the lead on an electronic component
einem elektronischen Bauteil (10), and unitary with the electronic
component, for pro-   mindestens zwei elektrisch leitenden Zuleitun- viding
adjustable stray capacitance coupling to said  gen (22, 24), die vom
genannten Bauteil in component mounted onto a printed circuit board.
vorbestimmten Richtungen abstehen, um das Additionally, the configured lead
also secures the   30  Bauteil an die umgebende Schaltung elektrisch
component to the printed circuit board by providing   anzuschlieBen, wobei
diese Zuleitungen in el- a soldered electrical connection to appropriate
ner ersten Richtung durch Offnungen (26, 28), printed circuit board
conductors.                     die in der Leiterplatte (12) angeordnet
sind, In a like manner, the electronic component by      verlaufen k6nnen,
um die elektrische Verbin- virtue of its secure mounting to the printed
circuit  35  dung des Bauteils mit Leiterbahnen (20) si- board both before
and after soldering, maintains      cherzustellen, die auf einer Oberflache
(16) der the initial orientation position of leg 32 before ad-
Leiterplatte angeordnet sind, dadurch gekenn- justment (bending) thereof.
zeichnet, daB mindestens eine der genannten Zuleltungen urn ungefghr 180 *
in die entge- Claims                                        40
gengesetzte Richtung umgebogen ist und ei- nen Zuleitungsabschnitt (32)
aufweist, der sich 1. Capacitive trimming apparatus, comprising:         in
einer zweiten, der ersten entgegengesetzten a printed circuit board (12);
Richtung durch die entsprechende 6ffnung der an electronic component (10);
Leiterplatte zurick erstreckt, wobei der Zulel- at least two electrically
conductive leads   45  tungsabschnitt oberhalb der Leiterplatte nicht
(22,24) emanating from said component in re-       befestigt und seine
Stellung relativ zum Bauteil spective predetermined directions for
electrical  (10) justierbar ist und er als eine Platte einer coupling of
said component to external cir-       justierbaren kapazitiven Kopplung zu
einem cuitry, said leads being extendable in a first     anderen Bauteil
arbeitet. direction through apertures (26,28) disposed in  so said printed
circuit board (12) for securing   2. Vorrichtung nach Patentanspruch 1, in
der das electrical connection of said component to         elektrische
Bauteil (10) eine Spule ist, die min- 



printed circuit conductors (20) disposed on a      destens 1,5
Drahtwicklungen umfaft. surface (16) of said printed circuit board, and
characterized by at least one of said leads  6s  3. Vorrichtung nach
Patentanspruch 1, in der die being bent back in approximately a 180 degree
gekrammte Zuleitung eine im wesentlichen reversal of direction and having a
lead portion    "U"-formige Anordnung (30) bildet. (32) extending in a
second direction opposite 5    9                 EP 0 384 326 B1
10 4. Vorrichtung nach Patentanspruch 1, in der die tinge des
Zuleitungsabschnittes (32) oberhalb der Platte justierbar ist.
levendlcatlons                                  5 1. Dispositif de
compensation de capacit6 corn- prenant: une carte de circuit imprim6 (12);
un composant dlectronique (10);            10 au moins deux fils (22, 24)
dlectroconducteurs qui proviennent du composant mentionn6 dans des
directions pr~ddtermindes respectives pour le couplage diectrique du
composant mentionne au circuit externe, les fils mention-  is nds pouvant
s'dtendre dans une premibre di- rection a travers des ouvertures (26, 28)
dispo- sees dans la carte de circuit imprime mention- n6e (12) pour
assujettir la liaison electrique du composant mentionn6 aux conducteurs
(20) de   20 circuit imprimd dispos6s sur une surface (16) de la carte de
circuit imprime mentionnde, et caract6ris4 par au moins l'un des fils
mention- n6s qui est repli4 en arribre en une inversion de direction d'a
peu prfs 180 degrds et ayant  26 une portion de fil (32) qui s'dtend dans
uen seconde direction opposde a ladite premibre direction en retournant a
travers l'ouverture respective de la carte de circuit imprime men- tionnde,
ladite portion de fill n'dtant pas fixde   30 au-dessus de la carte de
circuit imprime et 6tant ajustable en position par rapport au com- posant
mentionn6 (10) et agissant comme une plaque d'un couplage capacitif
ajustable a un autre dldment.                             36 2. Dispositif
solon la revendication 1 dans loquel <      0le dit composant electrique
(10) est une induc- tance comprenant au moins 1,5 spire de fil. 40 3.
Dispositif selon la revendication 1 dans lequel le fil recourb4 forme une
configuration gdndra- lement en forme d' RU" (30). 4. Dispositif selon la
revendication 1 dans loquel  46 la longueur de la portion de fil (32)
au-dessus de la carte oet ajustable. 50 55 6    


