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@ A connector system is provided that is espe-
cially useful for SCEM (small computer expandability
module) systems wherein small circuit boards or
"tiles" can be stacked at different positions on a
small mother board, wherein each connector in-
cludes numerous very small matable contacis that
must carry high frequency signals. The contacis of
first and second matable connectors each have for-
ward portions (80, Figure 6) comprising an elongated
beam (132) having a straight rear part (140) extend-
ing parallel to the mating direction (114) and having
a forward part (144) with a sidewardly-projecting
protuberance (146). When the connectors are mated,
the protuberance of each contact engages the
straight rear part of the other contact. Each connec-
for housing includes an insulator with an upstanding
support wall (91) having a plurality of grooves (122)
spaced along a row of contacts, with each groove
surrounding the axis (142) of each contact on three
sides, except for the contact protuberance. When the
connectors are mated, each support wall is inserted
into a slot lying between a pair of support walls of
the other connector. Where connectors are required
at opposite faces of a circuit board, each contact has

a mount portion lying in a plated-through hole of the
circuit board, and has substantially identical opposite
end portions that each include a beam with a protu-
berance.

Rank Xerox (UK) Business Services
(3.10/3.6/3.3.1)
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The present invention relates to contact con-
nector systems.

SCEM (small computer expandability module)
is a type of architecture for small computers
wherein various small modules, often in the form of
small circuit boards or "tiles", can be stacked at
any of several selected positions on a mother
board. One architecture uses modules of a width
and length of about six centimetres and nine cen-
timetres respectively, with each connector having
between 250 and 700 contacts arranged in be-
tween five and ten rows. As a result, the contacts
must be spaced apart along each row by about one
millimetre or less, necessitating the use of very
small contacts. Of course, each of the numerous
contacts of a connector must be well protected
against damage and must reliably mate with cor-
responding contacts of another connector. A con-
nector with contacts that were of very small size
but which were reliably protected and which reli-
ably mated with corresponding contacts, and which
could be constructed at low cost, would be of
considerable value.

In accordance with one embodiment of the
present invention, a connector system is provided
which includes connectors with matable contacts,
wherein the contacts are of simple shape for low
cost precision manufacture in very small sizes, and
yet can reliably mate and are well protected. Each
contact of two matable connectors, has a forward
end portion with an elongated beam. The beam has
a straight rear part extending parallel to the mating
direction and a forward part with a protuberance
projecting sidewardly. The extreme side of the pro-
tuberance forms a mating location which substan-
tially engages the straight rear part of a corre-
sponding mating contact.

Each connector has an insulator with support
walls, including a first support wall extending along
the length of a first row of contacts. The first
support wall has a plurality of grooves extending
along the mating direction, with the beam portion of
each contact of a first row lying in one of the
grooves. Each groove has groove sides surround-
ing the axis of the beam on three sides, with only
the protuberance projecting from the open side of
the groove. Each connector has a plurality of sup-
port walls with contact-holding grooves and forms a
slot between a pair of supporting walls. A pair of
connectors is constructed so as they mate, a sup-
porting wall of one connector fits in close slidable
movement into the slot between a pair of support
walls of the other connector.

Where the contact forward end portions project
from a surface of a circuit board, and the contact
carries pulses having a predetermined clock rate of
at least fifty million per second (which can generate
a fundamental frequency of 50 MHz), the length of
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each contact outer portion equals the wavelength of
the fundamental frequency divided by 2", where n
is a whole number.

A pair of mating connectors are constructed so
one has at least one aligning or locating pin and
the other has a pin-receiving hole that closely re-
ceives the locating pin. Both the locating pin and
walls of the pin-receiving hole are moulded integ-
rally with the insulator that has slots surrounding a
multiplicity of contacts.

Constructional embodiments of the present in-
vention will now be described by way of example,
with reference to the accompanying drawings,
wherein:-

Figure 1 is an exploded isometric view of a

connector system for connecting modules of an
expandable module system;

Figure 2 is a partial isometric view of the system

of Figure 1, with three boards and associated
connectors;

Figure 3 is a sectional, exploded isometric view

of two connectors of the system of Figure 2, but
without showing the circuit boards connected
thereto;

Figure 4 is a sectional view of the connectors of

Figure 3 and of circuit boards that they mount

on, shown in a fully mated position;

Figure 5 is an exploded view of the system of

Figure 4, but showing the connectors unmated;

Figure 6 is an enlarged view of a portion of one

of the connectors of Figure 5;

Figure 7 is an enlarged partial sectional view of
the pair of connectors of Figure 5, shown in a
fully mated position, and also showing in phan-
fom lines, the connector contacts in their un-
mated positions;

Figure 8 is a partial isometric view of the con-

nector of Figure 6;

Figure 9 is a partial sectional view of one of the
connectors of Figure 2, and also showing a
pulse generator coupled thereto;

Figure 10 is a view taken on the line 10 - 10 of

Figure 9;

Figure 11 is a partial plan view of the connector

of Figure 9;

Figure 11A is a partially sectional view taken
perpendicular to the view of Figure 9;

Figure 12 is a sectional side view of one of the
connectors of Figure 3;

Figure 13 is a bottom view of the connector of

Figure 12;

Figure 14 is a partial top view of another con-

nector which the connector of Figure 15 mates
with;

Figure 15 is an end view of the connector of

Figure 12; and

Figure 16 is an end view of the connector of

Figure 14.
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Figure 1 illustrates a connector system 10 for
connecting various modules 12, 14, 16 to each
other and to a mother board 18 (which may some-
times be referred to as a module). This type of
architecture has been designed for small comput-
ers to allow modules to expand the capability of
the computer. Although most modules are small
circuit boards or "tiles", other modules such as a
floppy disc module can be used. The particular
mother board shown has twelve different positions
on which a module can be stacked, with a mother
board connector 20 at each of the twelve positions.
Each module 12 - 16 includes a module connector
22 - 26 for interconnecting the modules to each
other and to the mother board. Each of the middle
module connectors 22,24 includes upper and lower
parts 30,32 at opposite faces of the module, which
usually comprises a small circuit board 34. Of
course terms such as "upper" and "lower" are only
used to aid in the description, and the system can
be used in any orientation with respect to gravity.
Each of the end connectors 20,.26 has a connector
part on only one side of the circuit board or mod-
ule. Figure 2 shows an arrangement which includes
only the mother board 18 and two of the modules
12,17. Figure 3 illustrates an arrangement where
only the connectors 20,26 of the lowermost (mother
board) and uppermost modules are arranged to be
connected. Any of the above arrangements and
more complex ones can be used.

Figure 5 illustrates the two connectors 20,26
which are mounted on corresponding boards in-
cluding the mother board circuit board 40 and the
module board 42. Each connector includes a hous-
ing 44,46 that comprises an insulator 50,52 and a
grounded metal shell 54,56. Each connector also
includes six rows of contacts, including rows 51 -
56 of the connector 20 and rows 61 - 66 of the
connector 26. Each row of the connector 20 has a
large number of spaced contacts 70, and the other
connector 26 also has a large number of spaced
contacts 72 in each row.

Each contact has a mount part 76 which is
mounted in the corresponding board such as 40
and a mating or forward end portion 80 projecting
from a face 82 of the board. Each insulator such as
50 includes a base 86 and upstanding walls includ-
ing contact-support walls, the connector 20 having
four support walls 91 - 94 and the other connector
26 having three support walls 101 103. The con-
nector 26 forms four slots 110 between pairs of
adjacent support walls, and between them and op-
posite insulator side walls 112,114. The connector
20 forms three slots 116 between it support walls.
Each of the four slots 110 in the connector 26
closely receives one of the four support walls 91 -
94 of the other connector 20 during mating of the
connectors. Such mating occurs when each con-
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nector is moved in a corresponding forward or
mating direction 114, 116 towards the other con-
nector.

Each of the support walls such as 92 includes
two rows of grooves 120, 122 located on opposite
sides of the support wall, with the grooves on the
two sides staggered from one another. Each insula-
tor base 86 has a hole 130 with a portion aligned
with a groove, for receiving a part 128 of each
contact forward end portion 80. Each contact also
has an elongated beam 132 which extends in the
corresponding forward or mating direction 114
along the groove.

As shown in Figure 6, the beam 132 of the
contact outer portion 80 includes a straight rear
part 140 extending along a contact axis 142, which
is substantially parallel with the forward or mating
direction 114 and preferably within about 3° of
parallelism. The beam 132 also includes a forward
part 144 with a protuberance 146 projecting
sidewardly along the direction 150. The lateral or
sideward direction 150 is perpendicular to a lon-
gitudinal direction 152 along which each row ex-
tends, and also is perpendicular to the mating or
forward direction 114. The extreme side 152 of the
protuberance forms a mating location which is de-
signed to engage the straight rearward part of
another contact.

Figure 7 illustrates the situation where the two
connectors 20, 26 have been fully mated, showing
the relative positions of their contacts in the mated
positions at 70A and 72B. It can be seen that the
beams 132A, 132B have been deflected by about
2° from their initial positions 132 that are indicated
in phantom lines. If the contacts are properly con-
structed and mounted then the extreme outer side
152A of the contact 70 will engage a second mat-
ing location 160B along the rear part 140B of the
contact 72. Similarly, the extreme outer side 152B
of the contact 172 will engage a second contact
location 160A on the contact 70. The presence of
two contact locations increases the reliability of
electrical engagement of the two connectors. The
fact that both contacts 70,72 are identical, and all
contacts in the system have substantially identical
forward end portions, enables low cost manufac-
ture. Also, the use of contacts with identical forward
end portions provides a hermaphroditic arrange-
ment where the contacts of any connector can
properly mate with the contacts of any other con-
nector, it only being necessary that the housings
be matable.

An additional benefit of the contact shape
used, is that it minimises signal degradation when
signals with high frequency components pass
through the mating contacts. That is, it minimises
any increase in rise and fall times of pulses. When
high frequency signals pass through a contact, the
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contact radiates some of the signal power. The
radiated power emitted from the beam at 132A will
be reflected by the facewise adjacent portions of
the beam 132B of the other contact and the reflec-
tions between the two contacts will slow the signal
(increase rise and fall times of pulses). However,
only one side of each contact faces the mating
contact, so most of the power radiated from the
contact does not reach the adjacent contact but
instead much of it is absorbed by the adjacent
insulation and/or radiated into space. This can be
contrasted with those connector systems which use
pin contacts that are inserted into socket contacts,
where the socket contact surrounds the pin contact
on all sides (360°), except for thin slots. In that
case, considerable energy reflected from the pin
contact will be reflected back and forth between it
and the socket contact so there will be more slow-
ing of the signal. Thus, the construction of the
hermaphroditic contacts with simple beams that
mate, minimises the degradation of high frequency
signals.

As shown in Figure 8, the forward end portion
80 of the contact 70 has a height H above the
corresponding face 82 of the circuit board (above a
conductive trace 169 on the board, where the
board forms a ground plane). If the height H can be
matched to the wave length of the fundamental
frequency of high frequency signals passing
through the contact, then radiation reflection from
the end portion 80 is minimised, which reduces
degradation (minimises any increase in rise and fall
times) of signals passing through the contacts. For
a given fundamental frequency f whose wave
length is \, radiation reflection from the contact is
minimised by using the following length for the
contact forward end portion:

B= A = ¢

2n £ . 20

where H is the length of the contact forward portion
that projects from the circuit board, \ is the wave
length of the fundamental frequency whose radi-
ation is to be minimised, f is the frequency of that
fundamental frequency, c is the speed of light, and
n is a whole number which is generally no more
than 10, and usually in the range of 6 t0 9. Thus, if
the fundamental frequency to be transmitted is 300
MHz, so the wave length is one meter, then if n =
8, the length H of the contact will be

H = 1 meter / 28 = 4 millimetres

If n equals 9, then H equals 2 millimetres. In a
computer with a clock rate R of 300 million clocks
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per second, the fundamental frequency is 300 MHz
and a contact forward end portion of length H such
as 4 mm (plus or minus five per cent and prefer-
ably within three per cent) will significantly reduce
signal degradation.

Figure 9 shows a clock 175 whose output 177
comprises a series of pulses generated at a clock
rate R of 300 million pulses per second, so the
pulses are spaced by 3.33 nanoseconds apart. The
output of the clock controls a circuit 178 such as a
memory or microprocessor whose output 179 in-
cludes pulses spaced apart by a multiple (1,2,3
etc.) of 3.33 nanoseconds, so it produces a fun-
damental frequency of 300 MHz. As mentioned
above, close control of the projecting contact outer
end portion of length H can minimize signal deg-
radation.

Some connectors have upper and lower con-
nector parts, such as connector 22 of Figure 2
which has upper and lower connector parts 30,32.
Figure 9 shows the shape of one of the contacts
170 which has opposite forward end portions
172,174 projecting from opposite ends of a mount
part 176. The mount part 176 lies in a plated-
through hole of the circuit board 34. Figure 10
illustrates the shape of the mount part 176, which
is C-shaped to make a compliant fit in the circuit
board hole and to hold itself in a predetermined
orientation within the hole. Where only one contact
part must extend from only one face of a circuit
board or other module, the other portion that pro-
jects from the opposite board face can be of short
length, so it provides only short tabs which can be
accessed for testing.

As shown in Figure 11, each contact end por-
tion such as 80 (corresponding to the contact 70 of
Figure 6) has an axis 142 which is surrounded on
three sides by sides 180 - 184) of the groove 122.
The outer side 183 of the contact lies substantially
flush with the outer side of the groove at 186. Of
course, the exireme side 152 of the protuberance
146 projects beyond the groove, that is, beyond an
imaginary line 186 at the opening of the groove
122. This assures very good protection for the
contact by the support wall 91 which has the
grooves.

Each contact has a base-received part 185
(Figure 11A) which lies in interference fit with a
somewhat T-shaped slot 187 in the base 86 of the
insulator 50. The walls of the wide part 188 of the
slot keep the beam 132 of the contact forward end
portion 80 at a constant orientation wherein the rear
beam part 140 extends in the forward or mating
direction 114. The slot has a narrower portion 189
for passing the beam protuberance 146 during in-
stallation.

Applicant prefers to make the entire rear part
of the beam 132 straight (as seen in both views of
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Figures 9 and 11A), because any bending intro-
duces tolerances, and only very small tolerances
are acceptable with such small contacts. As shown
in Figure 9, the base-received part 185 and rear
beam part 140 preferably have face portions (of
faces 196,198) that are coplanar to avoid the accu-
mulation of tolerances that would result from a
bend.

As mentioned above, the outer side 183 of the
entire beam 132, except for the protuberance 146,
preferably lies substantially flush with the outer
side 186 of the groove. If the beam axis is projec-
ted beyond the outer side of the groove it would be
damaged, while if it lay deep in the groove this
could increase the required groove depth and in-
crease the connector size.

The tip region 191 (Figure 6) preferably ex-
tends parallel to the rear part 140 and to the
bottom wall 180 of the groove. It is easier to bend
the contact so the tip region 191 extends in the
forward or mating direction and is spaced a known
distance from the groove bottom wall, than fo try fo
have the extreme tip 193 accurately engage the
groove bottom wall.

Referring to Figure 3, the connector 26 has
locating pins 190, 192 at its opposite ends, while
the connector 20 has pin-receiving recesses 194,
196 at its opposite ends that very closely receive
the locating pins. Of course, the purpose of the
locating pins is to assure that the multiple grooves
of the two contacts are accurately aligned during
mating. Applicant forms each of the insulators 50,
52 as a one-piece moulded member, with the locat-
ing pins 190,192 and the walls of the pin-receiving
holes 194, 196 each being moulded integrally with
the support walls such as 101 - 104 of contact 20
and the support walls 91 - 93 of the connector 26
each being moulded integrally with its correspond-
ing locating part (walls of pin-receiving hole). That
is, insulator 52 is moulded so the locating pins
such as 190 are integral with the corresponding
support walls 91 - 93.

Applicant has designed connectors of the type
illustrated, with the centres of adjacent contacts
being spaced apart by a distance A (Figure 11) of
one millimetre. Each contact was constructed of
sheet metal, with the beam of each contact having
a width B of 0.38mm and a thickness C of 0.15mm,
the contacts being constructed of phosphor bronze.
Each beam has opposite flat faces 196, 198. As
illustrated, each connector has six rows of contacts,
with between sixty six and sixty eight contacts per
row to provide a total of four hundred contacts in a
connector of a length of about 2.6 inches (6.6cm)
and width of about 0.36 inch (0.9cm).

Thus, the invention provides a connector sys-
tem which is especially useful in small connectors
having large numbers of contacts such as are used
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in small computer expandability module systems.
Each connector system includes first and second
matable connectors, wherein each contact of each
connector has a forward end portion in the form of
an elongated beam having a straight rear part
extending parallel to the mating direction and hav-
ing a forward part with a protuberance projecting
sidewardly. The extreme side of the protuberance
forms a mating location which substantially en-
gages the straight rear part of a corresponding
mating contact. Each connector also includes a
housing with an insulator having a base and sup-
port walls with grooves that each surround the axis
of the beam portion of each contact on three sides.
The slots between at least some pairs of support
walls, closely slidably receive a support wall of the
other connector. The length of each contact, in
relation fo the fundamental frequency of high fre-
quency signals passing through the contacts, is
preferably closely controlled to minimise signal
degradation. The guiding pins and walls of the pin
receiving holes are preferably integrally moulded
with the support walls that receive the forward
contact portions.

Claims

1. A connector system which includes first and
second matable connectors, wherein each con-
nector has a housing with an open mating end
for mating with the other connector by moving
each connector in a corresponding mating di-
rection toward the other connector until said
connectors are fully mated, and wherein each
connector has a plurality of rows of contacts
with each contact including a forward end por-
tion comprising an elongated beam of constant
thickness, said beam having a straight rear
part extending parallel to said mating direction
and having a forward part that is bent to form a
protuberance projecting sidewardly, with the
extreme side of said protuberance forming a
mating location which substantially engages
the straight inner part of a corresponding mat-
ing contact when said connectors are fully
mated, characterised by, the entire length of
said rear part extends straight and parallel to
said mating direction, and said rear part is
longer than said forward part.

2. A connector system as claimed in claim 1,
wherein each of said contact forward parts has
a tip region extending parallel to said rear part.

3. A connector as claimed in claim 1, wherein
each said connector housing includes an in-
sulator with a base and a support wall extend-
ing in said mating direction said base, said
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support wall having an outside surface and a
plurality of elongated grooves in said outside
surface with said grooves extending in said
mating direction, each groove having a bottom
wall and opposite side walls lying about most
of said beam, said rear part of each contact
has an outer side lying substantially flush with
said support wall outside surface from said
base and along said mating direction there-
from.

A connector system as claimed in claim 1,
wherein each said connector housing includes
an insulator with a support wall having an out-
side surface and a plurality of elongated
grooves extending in said mating direction,
each groove having a bottom wall extending
parallel to said beam rear part; each said beam
forward part has a free tip region which is free
of engagement with said insulator and which
extends largely parallel to said rear part but
which lies closer to said bottom wall than said
rear part, to facewise engage said bottom wall
during mating.

A connector system as claimed in claim 1
including a circuit board having a plurality of
plated-through holes, said first connector being
mounted on said circuit board; means for gen-
erating a plurality of signals and transmitting
each signal through a different one of a first
plurality of said contacts, with each signal con-
sisting primarily of pulses having a predeter-
mined clock rate R of at least 50 million pulses
a second; each of said first plurality of contacts
has a mount part extending through one of
said plated holes of said circuit board and
each of said forward portions extends from a
face of said board by a distance H where

H = ¢ meters/second x 1

r pulses/second 2n

where R is the clock rate in pulses per second,
c is the speed of light, and n is a whole
number.

A connector system as claimed in claim 5,
wherein said clock rate is at least 300 x 10°
pulses per second, and said number n is cho-
sen from the group consisting of the numbers
7, 8,9 and 10.

A connector system as claimed in claim 1,
wherein said first connector housing includes a
one-piece moulded insulative member forming
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a base with holes through which said contacts
pass and also forming a support wall having a
plurality of contact-protecting elongated
grooves each extending in said mating direc-
tion and largely surrounding one of said beams
of a contact lying in a row, said one-piece
insulative member also including a locating pin
projecting in said mating direction; said second
housing includes a one-piece moulded second
insulative member forming a base with holes
through which said contacts of said second
connector pass and also forming a support wall
with grooves that largely surround on three
sides each of a plurality of contacts that lie in a
row, said one-piece member of said second
housing having a pin-receiving recess which
closely receives said pin prior to mating of
said contacts.

A connector system as claimed in claim 1
including first, second and third circuit boards
lying in parallel planes with each having op-
posite faces, with said first and second con-
nectors mounted respectively on said first and
second boards, wherein said second connector
has upper and lower connector parts projecting
from opposite faces of said second board; said
second board has a plurality of holes and said
contacts of said second connector each pro-
jects through one of said holes to leave op-
posite contact end portions extending from the
opposite faces of said second board, said op-
posite end portions being substantially iden-
tical with each end portion including an elon-
gated beam having a forward part forming a
protuberance.

A connector system for connecting first and
second circuit boards lying in parallel planes
with each having opposite faces and a plurality
of holes, comprising first and second connec-
tors mounted respectively on said first and
second boards; each said connector comprises
a plurality of contacts projecting through said
holes in the corresponding board to leave op-
posite contact end portions substantially ex-
tending from said opposite board faces; both
of said opposite contact end portions of the
contacts of said second connector and at least
the contact end portion projecting from a first
face of said second connectors, are substan-
tially identical, with each said identical contact
end portion including an elongated beam ex-
tending away from a corresponding board face
and having a forward part with a mating protu-
berance projecting largely perpendicular to the
length of said beam.
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A connector system as claimed in claim 9,
wherein said circuit boards lie closely spaced
and in substantially parallel planes, with each
of a plurality of contact end portions extending
from a first face of said first board being mated
with each of a plurality of contacts extending
from said first face of said second board; said
first and second connectors each includes an
insulator with a base having holes through
which a plurality of said contacts extend, with
the portion of each contact extending forwardly
from said base forming one of said beams;
each of said identical contact end portions is
constructed so its beam has a rear part that
extends along most of the length of the beam
and that extends straight and forwardly from
one of said bases up to the beginning of the
contact protuberance; each of said mated con-
tact end portions is positioned with its beam
extending substantially parallel to the beam of
the mating contact end portion, and with its
protuberance substantially engaged with the
rear part of the beam of the other contact
portion.

A connector system as claimed in claim 10,
wherein each of said insulators includes a sup-
port wall having an outside surface and a plu-
rality of groove extending parallel to said out-
side surface and in a forward direction away
from a corresponding board face, each groove
surrounding one of said contact end portions
on three sides with one face of each beam rear
part lying flush with said outside surface and
the opposite face lying within the groove.

A module system which includes a mother
board having at least one connector and a
plurality of modules that can be stacked on
said mother board, with each module having a
module board with conductive traces that in-
clude plated-through holes and a connector
that can be mated to a connector of another
board, wherein each connector includes a
housing with an insulator having a base with a
plurality of rows of base holes and each con-
nector also includes a plurality of rows of con-
tacts with each contact having a mount portion
with a part lying in one of said plated-through
holes and another part lying in one of said
base holes, and with each contact having an
elongated beam of uniform thickness and width
extending forwardly away from said base,
characterised by first and second of said con-
nectors each has contacts whose beams have
rear parts that extend forwardly and with each
beam having a forward part with a sidewardly
projecting protrusion and with a tip region fur-
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13.

14.

15.

16.

17.

thest from said rear part, said contacts of said
first and second connectors being matable fo
each other; each of said insulators has a plu-
rality of elongated support walls extending for-
wardly from said base and extending along
one of said rows, with each support wall having
a plurality of grooves spaced along one of said
rows; each pair of said support walls being
spaced to form a slot therebetween which re-
ceives a support wall of the other connector
until the tips of each support wall lies adjacent
fo the base of the other connector insulator,
and each said groove extends around the en-
tire length of each beam except for said protru-
sion.

A module system as claimed in claim 12,
wherein each said beam forward part includes
a free tip region furthest from said rear part
and lying deeper in said groove than said
beam rear part.

A module system as claimed in claim 12,
wherein each contact has a base-received part
lying in interference fit with the walls of one of
said base holes.

A connector comprising a member having op-
posite faces and forming a plurality of through
holes; a plurality of contacts each having a
mount portion mounted in one of said holes
and a pair of substantially identical opposite
end portions extending in opposite directions
from said mount portion; each contact end
portion includes an elongated beam having a
straight rear part extending along a predeter-
mined mating direction and having a forward
part with a protuberance projecting sidewardly.

A connector as claimed in claim 15, wherein
each said beam rear part extends along most
of the length of the beam.

A connector system comprising a circuit board
having a plurality of plated through holes; a
plurality of contacts each having a mount por-
tion mounted in one of said holes and an
elongated end portion projecting substantially
perpendicular to said board along a predeter-
mined height H; a generator for generating
pulses having a predetermined clock rate R of
at least 50 million pulses per second; circuitry
coupling said generator to each of a first plu-
rality of said contacts to pass pulses of said
clock rate R therethrough; the length H of said
end portions of each of said first plurality of
contacts is given by the equation:
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where C is the speed of light, and n is a whole
number chosen from the group consisting of
the numbers 6, 7, 8, 9 and 10.
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