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(54) Filter connector with high frequency shield

(57) A shield is provided that blocks high frequency
EMI (electromagnetic interference) from reaching circuit-
ry that is connected to pins of a filter connector. The filter
connector includes a plurality of pins (12) that extend
through holes (28) in firstboards (26), with each pinjoined
by a solder joint (90) to a signal trace (32, 60) that sur-
rounds the pin hole. Filter components such as capaci-
tors (40), each have one terminal (44) joined to a signal
trace and another terminal (42) joined to a ground trace

(30), with a gap (62) between the traces. Second boards
(75) are provided that each lies facewise adjacent to a
first board and that each carries a shield trace (72) that
covers the gap between signal and ground traces. The
pin-receiving hole in each second board has a circular
portion and has a notch (100) therein though which a
solder dispenser (102) can fit to dispense solder directly
into the space between and on the pin and the signal
traces.
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Description

BACKGROUND OF THE INVENTION

[0001] One type of filter connector, described in US
patent 6,896,552, includes a pair of flexible circuit boards
or board portions, with holes though which pins extend.
A signal trace that extends is a ring around each hole is
electrically connected by a solder jointto a corresponding
pin. Filter components such as capacitors, each has one
terminal connected to the signal trace and another ter-
minal connected to a ground plane. There is a gap be-
tween the signal trace and ground piane, and high fre-
quency (500MHz to 1000 MH) stray signals may pass
though such a gap, to circuitry that is connected to one
end of the pins. Such stray signals constitute EMI (elec-
tromagnetic interference) that results in "noise" in the cir-
cuitry. A device that blocked a high portion of such EMI
from passing though such a gap, would be of value.

SUMMARY OF THE INVENTION

[0002] In accordance with one embodiment of the
present invention, a high frequency EMI (electromagnet-
ic interference) shield is provided for a filter connector of
the type wherein there is a gap between a ground trace
and each of a plurality of signal traces. Also, the EMI
shield is constructed to facilitate soldering of the signal
traces to pins that project though holes in the signal trac-
es. The filter connector is of the type wherein filter com-
ponents such as capacitors are positioned on a first in-
sulative board with one capacitor terminal connected to
a signal trace (that connects to a pin) and with a second
terminal connected to a ground plane on the board. A
gap must be left between the ground and signal traces
to prevent short circuiting. High frequency EMI can pass
though such a gap to circuitry that is connected to one
end of the pins. The present invention provides a second
insulative board that carries a conductive trace that func-
tions as an EMI shield. The shield trace lies in a plane
that is only slightly spaced from the first board (with a
dielectric layer between them). The shield trace covers
the gap, and the shield trace may be coupled to the signal
trace. Any EMI passing though the gap between the
ground and signal traces, is intercepted by the shield
trace and does not reach circuitry that is connected to
one end of the pins.

Each pin is soldered to a signal trace that lies on the first
circuit board that lies below the second board. To enable
solder to be applied through the second board to the sig-
nal trace on the first board, the pin-receiving holes in the
second board have notches. Each hole in the second
board includes a circular portion that closely receives a
pin and a notch that extends from the circular portion. A
dispenser that dispenses a quantity of solder (and solder
flux) can be inserted though the notch to dispense solder
atthe ievei of the signal trace on the first board, to assure
alarge area connection thereat. The solder also may flow
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to part of the shield trace at the circular part of the hole,
to connect the shield trace to the pin and the signal trace.
[0003] The novel features of the invention are set forth
with particularity in the appended claims. The invention
will be best understood from the following description
when read in conjunction with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

Fig. 1 is an isometric view of a filtered connector of
the present invention.

Fig. 2 is a side elevation view of the connector of Fig.
1.

Fig. 3 is a sectional side view of a portion of the con-
nector of Fig. 1, showing one pin and portions of the
two circuit board assemblies connected to the pin.

Fig. 4 is a view taken on line 4-4 of Fig 3, showing
the lower side of the first circuit board.

Fig 5 is a view taken on line 5-5 of Fig. 3, showing
the lower side of the second circuit board.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0005] Fig 1 shows a prior art filtered connector 10,
which includes a plurality of pins 12 mounted on a pair
of circuit board combinations 14, 16. A filter connected
to each pin includes a ferrite bead 20 and a pair of ca-
pacitors each mounted on one of the circuit board as-
semblies. The ferrite bead and pair of capacitors form a
Pi filter, as is described in US patent 6,896,552. The fil-
tered connector is designed to be mounted in a grounded
metal shell 18 as shown in Fig. 2. One end of the pins
connects to sensitive circuitry 22 that lies in an extension
of the grounded metal shell, the shell protecting such
circuitry from EMI (electromagnetic interference). How-
ever, there is a possibility that EMI will reach the circuitry
by leaking though the connector 10, and the present in-
vention is directed to a connector construction that min-
imizes such EMI leakage.

[0006] Fig. 3 shows a portion of one of the pins 12 and
of the two circuit board combinations 14, 16 that lie along
the pin. Each circuit board combination such as 14, in-
cludes a first circuit board assembly 24 that includes a
dielectric board 26, which may be a flexible board. The
board 26 has pin receiving holes 28 that each receives
one of the conductive pins 12. A ground plane 30 in the
form of a conductive layer or trace, lies primarily on the
upper face of the first board, and a plurality of conductive
signal traces 32, 60 each lies on the first board. Each
upper signal trace 60 extends in a ring around the pin
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hole. The lower signal trace 32 may lie on only one side
of the pin hole to reach a capacitor terminal 44.

[0007] A filter component 40 such as a capacitor, has
one terminal 42 connected to the ground plane 30 and
has another terminal 44 connected to the signal trace 32.
The circuit board has a plated-through aperture 50 that
extends the ground plane to a ground trace 52 on the
lower surface of the first board for ease in soldering to
the capacitor terminal. The upper signal trace is connect-
ed through a solder joint 90 to the lower signal trace.
There is a gap 62 between the upper ground trace 30
and the upper signal trace 60.

[0008] High frequency EMI (electromagnet interfer-
ence) of a frequency on the order of magnitude of 750
MHz, and especially in the range of 500MHz to 1000MHz,
can pass though the gaps 54, 62 and reach the circuitry
connected to one end of the pins and disrupt such cir-
cuitry. The present invention is directed to an improve-
ment that blocks much of such EMI from passing though
the connector and reaching such circuitry.

[0009] Applicant provides a pair of second dielectric
circuit board 70 assemblies, each with a dielectric board
75 and a conductive trace 72 thereon to serve as an EMI
shield. Each second board assembly is mounted face-
wise adjacent, and preferably against, a corresponding
first board assembly. Where the first board is a flexible
circuit board, the second board is preferably a stiffener
board. The conductive shield trace 72 serves as an EMI
shield trace, and lies over the gaps 62 between each
signal trace 60 and the ground plane 30. Some of the
high frequency EMI in the environment moves along
paths 76, 78 through the gaps 62. Such EMl is intercepted
by the shield trace 72 and prevented from reaching the
sensitive circuitry that is connected to the pins. A dielec-
tric cover layer 74 lies against the shield trace 72 and
electrically isolates it from the ground and signal traces
30, 60 on the upper surface of the first board.

[0010] Applicant provides the shield trace with over-
lapping ends 80, 82 that extend beyond a shield trace
middle portion 84 that lie directly over the gap 62. The
overlapping ends 80, 82 lie directly over the ground and
signal traces. The overlapping ends block EMI that pass-
es along an angle to the vertical V. The amount of overlap
required for good shielding depends upon how close the
shield trace 72 is from the gaps. Applicant places the
shield trace so it lies vertically no more than one millim-
eter, and preferably no more than 0.5 millimeter from the
closest gap, and places the shield trace closer to the gap
than one-tenth the width of the gap. In some cases, the
shield trace will lie over a majority of each gap, and pref-
erably at least 90% of each gap, though not all of it.
[0011] Itis desirable, but not necessary, thatthe shield
trace 72 be electrically connected to the pin 12 and to
the signal trace 32. However, itis essential that the signal
trace 32 (and 60) be connected to the pin. Such connec-
tion is usually done though a solder joint 90. In the ar-
rangement of Fig. 3, the second circuit board assembly
70 would tend to block downward vertical access to the
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region between the pin 12 and the hole walls 32h of the
signal trace 32 where solder is to be deposited. Applicant
facilitates the deposit of solder (which is later melted as
by wave soldering in an oven) by forming the pin-receiv-
ing hole 92 in the second board 75 with a notch 100. A
dispenser 102 with a narrow dispenser nozzle 104 pass-
esthough the notch 100 to dispense solder into or against
the region 106 that lies adjacent (preferably within one
mm) to both the pin 12 and the signal trace hole walls 32h.
[0012] Fig. 5 shows the pin-receiving holes 92 in the
second board 75. Each pin-receiving hole 92 includes a
circular hole portion 110 that preferably extends by an
angle A of more than 180 degrees about the hole axis
112. The angle A is preferably at least 220°, and is ac-
tually 300°. The notch 100 projects radially away from
the axis. The circular hole portion 110 accurately posi-
tions the second board hole around the pins. The notch
100 receives the nozzle 104 of the dispenser 102 shown
in Fig. 3, so a quantity of tiny balls of solder surrounded
by solder flux is deposited at the hole walls. Fig. 3 shows
thatin many cases the molten solder fillet 90 has a portion
114 that also solders the pin to the shield trace 72 at a
side of the hole opposite the notch, which connects the
shield trace to the signal trace 32. The solder fillet should
always connect to the upper and lower signal traces 32,
60.

[0013] To construct the connector of Fig. 3, applicant
first constructs the lower and upper assemblies. Then
applicant assembles the lower circuit board combination
16 onto the multiple pins 12. This includes placing the
lower second circuit board assembly 70 ,which includes
the second board 75, the shield trace 72 and dielectric
cover layer 74, over the lower first circuit board assembly
24 which includes the ground and signal traces 50, 32
on a dielectric board 26 and a capacitor 40 soldered in
place at each pin-receiving hole, with the pins projecting
through the holes. Then, the dispenser 102 (and prefer-
ably with many more just like it) is used to lay solder
deposits at the walls of the holes in the signal trace. Next,
the ferrite beads 20 are placed onto the pins and the
upper circuit board assembly, which is identical to the
lower board assembly, is placed onto the pins. The dis-
penser is used to lay solder deposits at the signal trace
hole walls. The assembly is placed in an oven to melt the
solder, to produce the final assembly shown in Fig 3.
[0014] The fact that a solder deposit (solder balls and
flux) was originally deposited within the notch or on the
area of the first circuit board 24 that lies under the notch,
can be determined from a close inspection of the solder
joint. The solder fillet 90 is usually slightly higher at the
initial deposit location.

[0015] In a connector of the type illustrated in Fig. 3
that applicant has designed, each pin-receiving hole at
32h had a diameter of 30 mils (one mil equals one thou-
sandth inch). The first board 26 had a thickness of 5 mils
and each second board had a thickness of 30 mils.
[0016] Although directions such as "vertical", "fewer",
"upper", etc. are used to describe the invention as it is
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illustrated, the invention can be used in any orientation.
[0017] Thus, the invention provides an improvement
to a connector of the type that has at least one first circuit
board assembly with ground and signal traces and with
a gap between them though which high frequency EMI
(electromagnetic interference) energy can pass if not
blocked. The invention provides a second circuit board,
such as a stiffener board, with a shield trace thereon, and
preferably with a dielectric separation layer over the
shield trace. The second circuit board is laid facewise
againstthe first circuit board, and preferably with the sep-
aration layer lying against a surface (such as the surface
of a ground trace) on the first circuit board. The shield
trace covers most, and preferably all, of the gap between
signal and ground traces of the first circuit board, and
preferably overlaps most of the gap, to intercept EMI that
otherwise would pass though the gap. The second circuit
board preferably has pin-receiving holes with circular por-
tions and with notches that extend radially away from the
hole axes. A dispenser can be inserted through each
notch to lay a solder deposit at the walls of the holes in
the signal traces that lie on the first board.

[0018] Although particular embodiments of the inven-
tion have been described and illustrated herein, it is rec-
ognized that modifications and variations may readily oc-
cur to those skilled in the art, and consequently, it is in-
tended that the claims be interpreted to cover such mod-
ifications and equivalents.

Claims

1. A filtered connector which includes a first circuit
board assembly (24) with a plurality of pin-receiving
holes (28), a plurality of pins (12) each projecting
through one of said holes, a plurality of signal traces
(60) each extending at least partially around one of
said holes and connected to one of said pins that
projects through the hole, a ground plane (30) lying
on a surface of said circuit board but spaced from
said holes and from said signal traces and leaving
gaps (62) between said ground plane and said signal
traces, and a plurality of filter components (40) each
having a first terminal (42) connected to said ground
plane and a second terminal (44) connected to one
of said signal traces, comprising:

a second circuit board assembly (70) which lies
facewise adjacent to said first circuit board and
which has a dielectric second board (75) and a
plurality of holes (92) that each receives one of
said pins;

a plurality of shield traces (72) lying on said sec-
ond board and extending over a majority of the
area of each of said gaps.

2. The connector described in claim 1 wherein:
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each of a plurality of said conductive shield trac-
es is electrically connected to a corresponding
one of said pins.

3. The connector described in claim 1, wherein:

each of said holes (92) in said second board
assembly is in the form of a circle with an axis
(112) and with a notch (100) that extends radially
outward from the circular hole;

each of said signal traces is soldered to a cor-
responding one of said pins by a quantity of sol-
der (90) initially deposited through one of said
notches.

4. The connector described in claim 1, wherein:

said first circuit board assembly includes a die-
lectric first board (26) that has upper and lower
faces, said ground plane (30) lies primarily on
said upper face and including a plated-through
aperture (50) in said first board that extends to
said lower face, and a ground trace portion (52)
on said lower face that connects to said filter
component;

said second board (75) is a stiff board, said
shield trace (72) lies on a lower face of said sec-
ond board, and including a dielectric cover layer
(74) lying against a lower face of said conductive
shield trace;

said second board lies above said first circuit
board, with said dielectric cover layer lying face-
wise adjacent to said ground plane, with said
shield trace (72) lying within one millimeter of
said ground trace (30) and of said signal trace
(60).

5. The connector described in claim 1, wherein:

each of said signal traces is soldered by a solder
joint (90) to a corresponding one of said pins,
with a location (114) of each of a plurality of sol-
der joints also contacting a corresponding con-
ductive shield trace (72).

6. A filtered connector which includes a dielectric first
board (26) with a plurality of first holes (28), a plurality
of pins (12) that each projects through one of said
first holes, a plurality of signal traces (32, 60) on said
first board that each extends at least partially around
one of said holes, at least one ground plane (30) on
said board, a plurality of filter components (40) each
having one terminal (44) connected to one of said
signal traces and a second terminal (42) connected
to a ground trace (52) that is connected to said
ground plane, comprising:

a dielectric second board (75) with a plurality of
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second holes (92) and with each of said pins
also projecting through one of said second
holes, a plurality of shield traces (72) on a face
of said second board that is closest to said first
board and lying around at least a portion of each
second hole, and a dielectric cover layer (74)
lying over said shield traces, with each shield
trace lying adjacent to one of said signal traces;
said second holes each includes a primarily cir-
cular portion (110) extending more than 180°
about a corresponding pin axis, and a notch
(100) projecting further from said axis than said
circular portion;

a plurality of solder joints (90) that each joins
one of said pins to one of said signal traces,
each of said solder joints includes a solder de-
posit that was deposited through said notch to
alocation (106) at the intersection of one of said
pins and a corresponding one of said signal trac-
es.

The connector described in claim 6, wherein:

each of said signal traces is spaced from said
ground plane, thereby leaving a gap (62) be-
tween them;

each of said shield traces (72) lies over a ma-
jority of a corresponding one of said gaps.

A filtered connector that includes a plurality of pins
(12), and a first circuit board (26) with a plurality of
pin-receiving holes (28) each receiving one of said
pins, a plurality of signal traces (32, 60) each extend-
ing at least partially extending around one of said
holes and soldered to one of pins thereat, a ground
plane (30), and a plurality of filter components (40)
each connected to said ground plane and to one of
said signal traces and with a gap (62) between said
ground plane and each of said signal traces, includ-
ing:

a second circuit board (75) having a shield trace
(72) lying facewise adjacent to said gap with a
dielectric separation layer (74) between said
shield trace (72) and the gap (62) between said
ground plane and signal trace.

The connector described in claim 8 wherein:

each of said shield traces (72) is soldered to a
corresponding one of said pins by a solder joint
(90) that also joins the pin to the corresponding
signal trace.

10. The connector described in claim 8 wherein:

said second circuit board includes a plurality of
pin-receiving shield holes (92) with axes (112),
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through which said pins project, each shield
trace extending around a majority of each shield
hole, each shield hole having a circular portion
(110) extending more than 180° around each
hole and having a notch (100) that extends ra-
dially outward from one side of the hole.
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