
1 COAXIAL INTERCONNECT DEVICES AND METHODS OF MAKING THE SAME Background Of
The Invention 1. Field of the Invention The present invention relates to
coaxial connectors and,   in  particular,   to  coaxial  connectors  used
for connecting single chip and multichip modules to each other and to
printed circuit boards. 2. Description of Related Art In surface mount
technology, integrated circuits (ICs) are connected to ceramic or organic
packages which in turn have metal leads extending therefrom for connection
to a printed circuit (PC) board by means of soldering or by insertion into
a socket.   The electrical attachment of the IC to the package is often
referred to as the first level of attachment. The electrical attachment of
the package to the PC board is the second level of attachment.   The trend
for IC packages is to increase the density and number of ICs on a  package
with  a  resultant  increase  in  the  number  of Input/Output  (I/O)
connections  at  the  second  level  of attachment. The density of the
second level attach  for high  IO counts  is currently  being satisfied by
several  types  of attachment schemes including Pin Grid Arrays  (PGAs),
Ball Grid Arrays (BGAs) and Column Grid Arrays (CGAs). The PGA consists of
an array of metal pins which are typically 100 to 200 mils long and are
plated with gold to improve resistance to oxidation.   The PGA is attached
to circular conductive or metallized pads on the package. 



Attachment is typically by soldering or brazing to the metallized pads
arranged on the package surface surrounding the ICs or on the opposite side
of the package from the ICs. The metallized pads are electrically connected
to internal conductors or vias which are used to provide wiring for the
2 ICs. The PGA connection method has been used for many years and allows
the IC and package to be tested or burned-in prior to installation in a
product since the pins can be socketed and tested easily and with minimal
disruption of the structure of the package.   The long pins also help to
absorb the difference in Coefficient of Thermal Expansion (CTE) between the
package and the circuit board.   A large CTE mismatch can cause failure of
the solder at the package to pin location.   Long lead lengths help to
minimize the lateral movement of the pins at the solder joints. The pad
diameter required to provide a reliable solder attach of the pins consumes
a large amount of surface area on the package making an increase in the IO
density of the second level attach difficult.   Typical IO pitch between
the pins  is about 100 mils.   In addition,  the long pin lead lengths
contribute greatly to an unwanted inductance between adjacent pins which
causes considerable degradation of electrical  performance.       In  order
to  help  minimize crosstalk,   traditional  wiring  schemes  surround
signal conducting pins with ground or voltage pins that can help to isolate
the pins.  The isolation schemes cause further loss 



in  IO density and performance.    Additionally,  off  chip frequencies are
increasing into the GHz range demanding greater isolation of the signal
conductors from unwanted crosstalk. Another second level attach method is
the Ball Grid Array (BGA).  The BGA uses a pad attach scheme similar to the
PGA except, instead of a metal pin, a high temperature solder ball is
attached to the pad using a lower temperature solder.   The resultant ball
grid array provides a higher density of IO with a typical pitch of 40 to 50
mils.   The shorter height of the balls, typically 35 mils, greatly
decreases the contribution of the interconnection length to unwanted
inductance. However, the shorter ball height makes    3 the BGAs poor
candidates for a pluggable burn-in test or for a pluggable package for
system use and field upgrades because the balls are made of soft solder
specifically for ease of attachment and absorption of stresses of CTE
mismatch between the package and the board. The soft solder of the BGA
deforms easily and can permit contact degradation over repeated thermal
cycles.  Another drawback of the BGA is the short height of the balls which
have little resistance to solder fatigue caused by numerous thermal cycles.
Resistance to fatigue is important to packages of larger size since the IO
connections at the greatest distance from  the center of the packages,
usually the corners, are the most likely to fail. A compromise solution 



to this problem has been the introduction of the Column Grid Array (CGA)
package. Again, an array of pads are connected to a higher  joining
temperature solder, this time in the form of a column or wire, by a lower
joining temperature solder. The pitch of a CGA connection can be the same
as a BGA.   The columns provide a higher degree of reliability compared to
the BGA due to their longer lengths.   However, the columns are not easily
pluggable for burn-in or system or field upgrades. In addition, the solder
columns are very easily damaged in processing and handling and must be
protected at all times. One approach to the signal isolation problem is
U.S. Patent No. 5,226,912 which describes a coaxial connector which
requires a through-hole in the substrate which takes up surface area on
both sides of the substrate. The device has less than desired attachment
flexibility because there is no opportunity to reset the grid during
attachment of the pins in the coaxial connectors.   Resetting the grid
would assure that the pins are properly spaced after connection. Also,
there is no mechanism for a wiping action between the    4 pin and the
socket of the- mating coaxial connector which would increase the
reliability of the pluggable connection. An ideal second level connection
scheme would allow high  density  IO,  pluggable  burn-in,   pluggable
field replacement, low inductance, high signal isolation and high
reliability 



Bearing  in mind the problems and deficiencies of the prior  art,  it  is
therefore  an  object  of  the  present invention to provide an electronic
interconnect device which is compliant in the XY axis thereby allowing for
insertion into a socket while being tolerant of socket to   package
movement during thermal cycling due to CTE mismatch. A further object of
the invention is to provide a coaxial connector attachment scheme by which
an array of compliant connectors arranged on a package can be aligned
during insertion into a socket which can also be used to carry voltage or
ground. It is yet another object of the present invention to provide a
compliant array of connectors which can be mass produced. It is yet another
object of the present invention to provide a compliant array of electronic
interconnect devices which are suitable for high frequency applications. It
is yet another object of the present invention to provide an electronic
interconnect device array which can be plugged into a test socket and
system board for burn-in and assembly. It is yet another object of the
present invention to provide a coaxial connector with high IO density.
Still other objects  and advantages will  in part be obvious and will in
part be apparent from the specification.    REPLACEMENT SHEET -5- 



Summary of the Invention In a first aspect of the present invention, there
is provided a method of making an electronic interconnect device comprising
the steps of: a) providing a coaxial connector comprising a dielectric
material having a center opening and isolated electrically conductive
interior and exterior surfaces, the coaxial connector having first and
second ends; b) providing an electronic substrate having coaxial electrical
pads attached thereon; c) positioning the coaxial connector on the coaxial
electrical pads and attaching the coaxial connector first end to the pads
on the substrate; d) providing a socket attached to a PC board, the socket
comprising a body and inner and outer conductors housed in the body and
configured for mating with the coaxial connector, the inner and outer
conductors configured so as to respectively contact the interior and
exterior surfaces of the coaxial connector at different times in order to
reduce the maximum insertion force of the coaxial connector into the
socket; and e) connecting the coaxial connector second end to the socket.
Preferably, in step (c), the electronic substrate is attached to the
coaxial connector via solder. Alternatively, in step (c), the electronic
substrate is attached to the coaxial connector via epoxy. In a second
aspect of the present invention, there is provided an electronic
interconnect device for attachment to an electronic package comprising a
coaxial connector comprising a dielectric material having a center opening
and isolated electrically conductive interior and exterior surfaces, the
coaxial connector having first and second ends, the first end for
attachment to the electronic package; and, a socket for mating with the
coaxial connector second end comprising a body and inner and outer
conductors housed in the body and configured for mating with the coaxial
connector such that the inner and outer connectors do not traverse beyond
the coaxially cylindrical first end, the inner conductor adapted to be
received within the electrically conductive interior surface of the coaxial
connector, the inner and outer conductors configured so as to respectively
contact the interior and exterior surfaces of the coaxial connector at
different times in order to reduce the maximum insertion force of the
coaxial connector into the 



socket. In a third aspect of the present invention, there is provided an
electronic package and interconnect device for attachment to the electronic
package comprising: a coaxial    connector comprising a dielectric material
having a center opening and isolated electrically conductive interior and
exterior surfaces, the coaxial connector having first and second ends, the
first end for attachment to the electronic package; the electronic package
including a substrate having coaxial electrical pads attached thereon, the
coaxial connector positioned on the pads and attached to the pads on the
substrate; and, a socket attached to a PC board, the socket comprising a
body and inner and outer conductors housed in the body and configured for
mating with the coaxial connector such that the inner and outer conductors
do not traverse into the substrate, the inner conductor adapted to be
received within the electrically conductive interior surface of the coaxial
connector, the inner and outer conductors configured so as to respectively
contact the interior and exterior surfaces of the coaxial connector at
different times in order to reduce the maximum insertion force of the
coaxial connector into the socket.    Brief Description of the Drawings The
features of the invention believed to be novel and the elements
characteristic of the invention are set forth with particularity in the
appended claims. The figures are for illustration purposes only and are not
drawn to scale. The invention itself, however, both as to organization and
method of operation, may best be understood by reference to the detailed
description which follows taken in conjunction with the accompanying
drawings in which: 



Fig. la is a cross-sectional view of a coaxial connector with a hollow
insulating cylinder and isolated electrically conductive interior and
exterior surfaces. Fig. lb is a cross-sectional view of the coaxial
connector of Fig. la attached to an electronic substrate with corresponding
coaxial electrical pads on the surface of the substrate. Fig. 1c is a top
view along line Ic-1c of Fig. lb illustrating   the   conductor   layering
of   the   coaxial connector.    Fig. 2a is a cross-sectional view of the
coaxial connector of Fig. lb illustrating the alignment for attachment to a
socket array and the stepped height of socket inner and outer connectors.
Fig. 2b is a top view of the coaxial connector of Fig. 2a along line 2b-2b
illustrating the continuous outer conductor. Fig.  2c is a top view of the
substrate without the coaxial  connector  attached,   illustrating  the  IO
pad configuration on the.. substrate. Fig.  3a  is  a  cross-sectional
view  of  a  coaxial connector with electrically isolated outer conductors
and illustrates the alignment for attachment to a socket array and stepped
height of the socket inner and outer connectors. Fig. 3b is a top view of
the coaxial connector of Fig. 3a illustrating the electrically isolated
outer conductors. Fig. 3c is a top view of a coaxial connector with ribs 



on the outer surface. Fig. 3d illustrates the IO pad configuration on the
substrate. Fig. 3e is a cross sectional view illustrating the attachment of
a coaxial connector to another substrate using a solder attachment process.
Figs. 4a-f illustrate the steps for producing an integrated array of
coaxial connectors from a dielectric sheet. Fig. 5a is a cross-sectional
view of a coaxial connector array of Fig. 4f at room temperature, attached
at one end to a PC board and at another end to a substrate. Fig. 5b is a
cross-sectional view of a coaxial connector array of Fig. 5a at a
temperature above room temperature,   illustrating  the  absorption  of
mechanical forces by the coaxial connectors which are the result of CTE
mismatch.    Figs. 6a-f illustrate the steps for producing an integrated
array of coaxial connectors from a dielectric sheet using conductive
microsprings. Fig. 7 illustrates an IC package with a substrate and a
combination of coaxial connectors and PGA connectors. Description of the
Preferred Embodiment(s) In describing the preferred embodiment of the
present invention, reference will be made herein to Figs. 1-7 of the
drawings in which like numerals refer to like features of the  invention.
Features  of  the  invention  are  not 



necessarily shown to scale in the drawings. Fig. la illustrates a coaxial
connector 18 comprising an insulating tube 26, preferably of a polymer
material, with electrically isolated inner and outer conductors 28a,b. The
connector 18 is positioned above and aligned for attachment to an IC
package or electronic substrate 24 at a first end 18a such as a multichip
module (MCM) or a single chip module (SCM).  Positioned on substrate 24 and
aligned for attachment to the inner and outer conductors 28a,b are coaxial
electrical pads 20 which are described below. Solder paste or preformed
solder 22 is positioned on each electrical  pad  20.       In  all
embodiments,   electrical connection  of  the  electrical  pads  20  to
electrically conductive vias 25 in the substrate 24 is dependent upon the
application. Fig. lb illustrates the electrical connection of pads 20a,b to
vias 25 and the mechanical connection of pad 20c to connector 18 by solder
fillet 30. While the attachment can be made by solder, as shown, it may
also be made by an electrically conductive epoxy. Preferably, a wetted
fillet from a solder reflow is formed.  The coaxial connectors 18 can be
attached using a fixture which holds the connectors in alignment with the
IO pads on the substrate 24 during    - 10 solder joining.   The fixture
maintains the proper spacing and alignment of the pins for the next level
of connection and minimizes the effects of individual IO pad movement from 



the proper positions. Fig. lc illustrates a top view along line 1c-lc of
Fig. lb illustrating the conductor layering and the shape of the coaxial
connector 18.   The tubularly shaped connector 18 comprises a tubularly
shaped dielectric 26 with conductive inner and outer walls 28a,b. In
instances where a single circular pad is used for the outer conductor, pads
20b,c will  be  connected.    A  second  end  18b  of  the  coaxial
connector may be received by a socket as described below. The  connector
may  alternately be  attached  to  a Printed Circuit (PC) board. Figs. 2a-b
illustrate a coaxial connector similar to the connector of Fig. lb attached
by fillets to the center electrical pad 20a and outer electrical pad 20b.
Outer electrical pad 20c is not electrically connected to the wiring
within  the  substrate  24;  however,   electrical connection to a via 25
is possible if desired for a particular application. Electrical pads 20a,b
are connected to vias  25  in the  substrate  24.   The  continuous outer
conductor  28b,  illustrated  in Fig.  2b,  is  suitable  for shielding
the   center   conductor   in   high   frequency applications.  Fig.  2c is
a top view of the substrate  24 without the coaxial connector 18 attached,
illustrating the IO pad 20a,b,c configuration on the substrate 24. Coaxial
electrical pads 28a,b are electrical connection devices made of conductive
or metallized surfaces which are attached to the exterior of a substrate
24. The pads are positioned   for  mechanical  attachment  of  the  coaxial
connector to the substrate, by solder, epoxy or the like, and may be
electrically connected to vias in the substrate. 



Inner and outer electrical pads 20a,b,c are illustrated in    Fig. 2c. The
outer electrical pad 20b,c may be configured to correspond to the outer
conductor arrangement of the coaxial connector. Fig. 2a also illustrates a
socket 31 for the coaxial connector. The socket 31 is suitable for use with
various embodiments hereinafter described except for the embodiment of Fig.
3a which requires socket modification to accommodate a plurality of outer
conductors of the coaxial connector. The socket 31 comprises a body 32 and
inner and outer conductors 34a,b housed in the body 32 and configured for
mating with the coaxial connector.   The inner and outer conductors 34a,b
are electrically connected, for example, to a PC board 46 by vias 25.  The
inner and outer conductors 34a,b are configured so as to respectively
contact the interior  and  exterior  surfaces  28a,b  of  the  coaxial
connector 18 at different times in order to reduce the maximum insertion
force of the coaxial connector 18 into the socket 31. The configuration of
the socket conductors 34a,b also assists in the removal of oxides from the
coaxial conductors  28a,b as the connection  is being made.    The
insertion wipe is further described below.   The socket is typically
attached to a PC board although other applications may be suitable
including adding a socket to a substrate. The coaxial connector can be made
by various methods. A first method begins with a commercially available
ceramic tube which is typically manufactured using an extrusion 



process in order to create an extremely long tube.   The interior and
exterior of the tube are subsequently plated using, for example, an
electroless plating metallization process or a seed plating metallization
process.    These processes can be performed by one of ordinary skill in
the art without undue experimentation.   Following plating,  the tube can
be cut by laser, abrasive sawing or the like, to form lengths of coaxial
tubing with nonconductive ends.    12 Alternately, the coaxial connectors
may be made using polymer  tubes  which  can  be  plated  or  coated  with
electrically conductive material and which can then be appropriately
attached to the coaxial electrical pads 20 on the substrate 24.   Polymer
tubes, preferably of polyimide suitable for making coaxial conductors, are
available from HV Technologies, Inc. of Trenton, Georgia. Appropriate tube
outside diameters range from about 0.8 mm to 2.0 mm (20-50 mils), with
preferred outside diameter being from about 1.2 mm to 1.6 mm (30-40 mils)
and wall thicknesses ranging from about 0.1 mm to 0.3 mm (3-8 mils), with
preferred wall thickness being -from about 0.1 mm to 0.2 mm (4-6 mils). The
length of the connector 18 for each embodiment should be in the range from
about 1.2 mm (30 mils) to 7.9 mm (200 mils) so as to provide for sufficient
mating of the connector 18 to the socket 31 in order to hold the connection
in place. The connector length also allows for a long insertion wipe or rub
length for mating with the socket 



conductors.   The insertion wipe should be at least 0.2 mm (0.5 mils) and
more typically 0.2 mm to 0.8 mm (5 mils to 20 mils).   The long wipe
facilitates  the removal of  oxides which form on the conductive material
and which can interfere with the electrical connection and reliability.
There are a number of ways to accomplish the attachment of  a  discrete
coaxial  connector  to  a  package.    When connectors have been previously
cut to the length desired, each connector can be loaded into a fixture (not
shown) that will hold the connectors in a desired pattern with the ends
positioned so as to allow alignment of the ends to the IO pads on the
substrate. The array of connectors can then be processed through, for
example, a solder reflow oven to join the connectors to the substrate IO
pads in a batch operation.   This batch process is similar to that of a pin
attach process for PGA package manufacturing and can be    13 performed by
one of ordinary skill in the art without undue experimentation.
Alternately, long lengths of surface metallization polymer tubes can be
inserted into a loading configuration that feeds the tubes into a coaxial
connector attachment fixture. Thereafter, a knife or cutting operation
could be used to cut off the desired length of the connector allowing it to
be deposited into the attachment fixture. Thereafter, the fixture with the
array of connectors can be aligned with the IO pads on the substrate and
used to join all the 



connectors in a joining operation. In the attachment methods described, the
fixture maintains the proper spacing and alignment of the pins for the next
level of connection and minimizes the effects of individual IO pad movement
from the proper positions. Polymer coaxial connectors.have advantages over
PGA and CGA packages including compliance which allows insertion
misalignment, as well as, the ability to function when a CTE (Coefficient
of Thermal Expansion) mismatch is present between the PC board 46 and the
substrate 24. Alternately, for lower frequency applications, where a skin
depth effect is not important, the use of an anodized aluminum tube to form
an insulating layer is appropriate. The anodized layer forms an insulating
surface, thereafter, the anodized surfaces could be plated using an
electroless nickel  gold  plating  and  seeding  methods,  to  form  a
conductive  surface  on  both  sides  of  the  insulating anodization.
These processes can be performed by one of ordinary skill in the art
without undue experimentation. Figs. 3a-d illustrate an application wherein
the connector 18 has two electrically isolated outer conductors 28b',
28b''.  While only two isolated outer conductors 28b', 28b'' are
illustrated, a plurality of electrically isolated outer conductors may be
used.   The outer conductors are    14 especially suitable for a variety of
connections such as signal,   voltage  or  grounding  made  in  low
frequency 



applications where complete coaxial shielding of the inner conductor is not
necessary. Outer electrical pad 20c is not electrically  connected  to  the
substrate  24,  however electrical connection to a via 25 is possible if
desired for a  particular  application.    Electrical  pads  20a,b  are
connected to vias 25 in the substrate 24. A socket similar to that of Fig.
2a is appropriate for the  embodiment  of  Fig.  3.   However,  the  socket
outer conductor 34b' and 34b'' should be arranged to accommodate the
configuration of the coaxial connector outer conductors 28b'  and  28b''
in  order  to connect  to  a plurality  of electrically isolated coaxial
outer conductors. In Fig. 3a, outer coaxial conductors 28b',b'' are aligned
with outer socket conductors 34b',b''. Fig. 3b depicts the top view of a
coaxial connector with multiple conductors on the outer surface. The
coaxial connector can be made by selectively plating opposite sides of the
outer surface of the length of an outer conductor while leaving an unplated
strip or rib 27 between the plating surfaces. The tube with ribs 27 could
be produced, for example,  by an extrusion manufacturing process.   The
ribs 27 could define a nonconductive region between the exterior metallized
surfaces 28b',28b'', as shown in Fig. 3c, and act to electrically isolate
conductive areas.   The ribs 27 also can assist in the alignment of the
connectors into fixtures used for attaching the connectors to the
substrate. Fig. 3d illustrates the configuration of IO surface pads or
coaxial electrical pads 20a,b,c that would be used to make contact to the
coaxial connector of Fig. 3b with two 



outer conductors 28b' and 28b''.    15 Fig.  3e  illustrates  the
attachment  of  a  coaxial connector 18a to a first substrate 24a and the
attachment of a second coaxial  connector  18b to a first side 24b'  of
substrate  24b by solder  fillets  30a.   The first coaxial connector 18a
is then connected to a second side 24b'' of the substrate 24b by solder
fillets 30b.  Alternately,  the coaxial connectors 18a,b may be connected
to a PC board 46 in place  of the  substrate 24b.   The solders chosen  for
fillets 30a,b should provide an attachment hierarchy such that the solder
used for attachment at fillet 30a would have a higher joining temperature
than the solder used for attachment at fillet 30b.   The joining hierarchy
prevents solder fillet 30a from becoming soft during the attachment of
fillet 30b which could cause misalignment of the connector 18a with the
substrate 24a. The connector 18b may be connected to a socket, a PC board
or another substrate. The stacking connection illustrated in this
embodiment may be used to stack a plurality of packages or substrates and
is limited by the spectrum of solder available to provide the proper
joining hierarchy for the interconnections. Electrically conductive epoxies
may be used in place of solder.    Although  the  epoxies  do  not  require
thermal hierarchy,  they  increase  the difficulty  of  rework  if  a
component should fail since the epoxy connection cannot be easily undone. 



A  coaxial  connector,   alternately,   may  be  formed integrally in a
dielectric sheet. Figs. 4a-f illustrate the steps of producing an
integrated coaxial connector 35. The process  begins  with  a  trilayer
dielectric  sheet   36 illustrated in Fig. 4a.   The trilayer dielectric
sheet 36 has an inner layer 36a and two outer layers 36b, the outer layers
36b are formed of a material which is more easily removable than the inner
layer 36a and is removed using a chemical or etching process.  As
illustrated in Fig. 4b at    16 least one hole 38 is formed in the sheet
36, depending upon the number of connectors desired. The hole 38 may be
formed by punching or drilling or any suitable method.   The walls of the
holes 38 are then metallized by a seeding process and subsequent plating
process as is typically practiced for metallizing through-holes in PC
boards.   The metallization forms the outer conductor 28b for the coaxial
connector 35. Next, in Fig. 4c, the plated hole 38 is filled with filler
dielectric 40 using a screening, extrusion or hot lamination process.   The
filler dielectric can be a liquid crystal polymer or polyimide which is
commercially available from Hoechst Calanese Corp. of New Jersey and can be
chosen by one skilled in the art without undue experimentation.   The
filler dielectric 40 should have good adherence to the dielectric material
40 of inner layer 36a and the plated metal of outer conductor 28b and a
resistance to chemical etching removal similar to the etching resistance of
the 



dielectric material  of  inner layer 36a.   In Fig.  4d, a center hole 39
is formed in the dielectric 40 and thereafter the walls of the hole 39 are
metallized by plating to form an inner conductor 28a of the coaxial connect
35. In order to form a coaxial connector 35 which protrudes from the inner
layer 36a of the dielectric sheet  36, the outer layers 36b  are  next
removed,  as  illustrated  in  Figs.  4e-f, preferably by chemical etching
in a solvent or process which will not effect the dielectric layer 36a or
the filler dielectric  40.    These  chemical,  etching,  plating  and
metallization processes referred to above can be performed by one of
ordinary skill in the art without undue experimentation.   The process
produces a coaxial connector 35 which extends from the inner dielectric 36a
at a length which corresponds to the initial thickness of the outer
dielectric 36b.    17 Although Figs. 4a-f depict a single coaxial
connector, multiple connectors may be formed by the process to produce an
array of coaxial connector which are in alignment for improved
connectability to a substrate or PC board. Figs. 5a-b illustrate the
connection, by solder fillet, of the integrated coaxial connectors 35 of
Fig. 4f, to a PC board  46 and  a  substrate 24.   Fig.  5a illustrates
the connection at room temperature while Fig. 5b illustrates the connection
at a temperature elevated above room temperature such as might be
encountered in operation.   At elevated 



temperatures,  the  PC  board  46  expands  more  than,  for instance, a
ceramic substrate 24, which could cause the coaxial connectors 35 to bend
out and cantilever at the substrate-to-coaxial  connection.   The
connectors  farthest from the center of the substrate will see the greatest
amount of bending and stressing of the fillets 30 at the
coaxial-to-substrate connection. The strain experienced at the fillet 30
could result in cracking and ultimately connection  failure.    However,
the  dielectric  sheet  36 absorbs much of the CTE mismatch between the
substrate 24 and the PC board 46, thus minimizing the creation of cracks in
the fillets 30. The coaxial connector array 35 can also be used for socket
applications in which the inner layer 36a will help to minimized the
transfer of strain due to the coaxial connector bending from CTE mismatch
between the substrate 24 and the socket 31. The integral coaxial connector
35 may also be formed with commercially available microspring inner and
outer conductors 44a,b.  Preferably, the microsprings 44a,b should be  gold
plated  to  improve  conductivity  and  tarnish resistance, although the
use of a microspring without plating or with other metallic plating is
possible.   The microspring integral coaxial connectors 44a,b provide a
18 highly compliant contact method for LGA pads which are held in contact
with coaxial electrical pads on another substrate 



(not shown)  or PC board  (not shown).   The compressed LGA connector or
integral coaxial connector 35 is also suitable for high frequency
applications since the contact method provides for low inductance noise by
shielding the inner conductor  44a from extraneous  signals over a short
path length. The alternate embodiment which uses microsprings is formed by
a process which is illustrated in Figs. 6a-f. The process comprising the
following steps.   First,  a single composition or single layer dielectric
sheet 36 with first side 36' and second side 36'' is provided.  Next, a
hole 38 is formed in the dielectric sheet 36. A microspring shaped outer
conductor  44b  is  fitted  into  the hole  38.    The microspring 44b has
an outside diameter which fits snugly into the hole 38 and is axially
aligned with the hole 38. The hole 38 is filled with a filler dielectric 40
which embeds the microspring 44b into the hole 38 and adheres it to the
sidewall of the dielectric sheet 36 as shown in Fig. 6c. The dielectric
material 40 has a chemical etch rate similar to the etch rate of the
dielectric sheet 36.  Next, a hole 39, which is smaller in radius than the
previously formed hole,  is formed in the filler dielectric 40.   The hole
39 is axially aligned with the outer microspring 44b. A microspring inner
conductor 44a is next fitted into the hole 39. The inner microspring 44a
has an outside diameter which fits snugly into the hole 39 and is axially
aligned with the hole 39.   The hole 39 is then filled with filler
dielectric 40. Next, the first and second surfaces, 36' and 36'', of the
dielectric sheet 36 and the filler dielectric 40 are removed such that the
microspring conductors 44a,b 



are exposed and protrude from the dielectric sheet 36. The removal  is
achieved  by  chemical  etching  which  could  be    19 performed by one of
ordinary skill in the art without undue experimentation. The degree of
etching of dielectric sheet 36 and filler 40 define the extent to which
microsprings 44a,b protrude from the dielectric sheet 36 and thereby define
the level of compression which will be provided by the microsprings when
used for joining LGA connections. Fig.   7  illustrates  an  electronic
package  which comprises an electronic substrate 24, a plurality of coaxial
connectors 18 attached to the substrate 24, and a plurality of  pin
connectors   42  such  as  Pin-Grid-Array.  (PGA) connectors, attached to
the substrate 24.  The package may also include a socket attached to a PC
board. The socket as described above, could be configured for mating with
the coaxial connectors 18 and pins 42. The pins 42 which can be
electrically isolated from the electronic substrate 24 are positioned for
guiding the coaxial connectors 18 into alignment  with  the  mating
contacts  in  the  sockets. Alternately, the pins 42 could be electrically
connected to vias in the substrate 24. The electrical connection of the
pins 42 to the substrate 24 may be accomplished by any well known method by
one skilled in the art without undue experimentation. A common attachment
method is by solder. The present invention coaxial connector is designed
with an electrically insulating cylindrical or other shaped 



dielectric, coated with electrically conducting material on the interior
and exterior surfaces which are electrically isolated from each other.
Further, the present invention at least doubles the IO capacity of the PGA
type pin design. Also, the invention presents a coaxial socket that enables
the advantages of the connector to be fully utilized at frequencies that
extend into the GHz range.   Further,  the invention provides a method of
solder attachment of the connector in a stacked configuration to provide a
high density, three-dimensional stacked IC package.  Further, the    20
invention presents methods by which the coaxial connectors can be mass
produced and attached to packages. Also, using similar forming mechanisms a
structure can be produced that can be used for compliant interconnection of
Land Grid Array (LGA) pad devices with high frequency isolation. While the
present invention has been particularly described,   in  conjunction  with
a  specific  preferred embodiment,   it   is  evident   that  many
alternatives, modifications and variations will be apparent to those
skilled in the art in light of the foregoing description It is therefore
contemplated that the appended claims will embrace any such alternatives,
modifications and variations as falling within the true scope and spirit of
the present invention.   



-21 - Claims We claim: 1.     A method of making an electronic interconnect
device comprising the steps of: a) providing a coaxial connector comprising
a dielectric material having  a center opening and isolated electrically
conductive interior and exterior surfaces, said coaxial connector having
first and second ends; b) providing an electronic substrate having coaxial
electrical pads attached thereon; c) positioning said coaxial connector on
said coaxial electrical pads and attaching said coaxial connector first end
to said pads on said substrate; d) providing a socket attached to a PC
board, said socket comprising a body and inner and outer conductors housed
in said body and configured for mating wit said coaxial connector, said
inner and outer conductors configured so as to respectively contact said
interior and exterior surfaces of said coaxial connector at different times
in order to reduce the maximum insertion force of said coaxial connector
into said socket; and e) connecting said coaxial connector second end to
said socket. 2.     The method as claimed in claim 1, wherein in step (c)
said electronic substrate is attached to said coaxial connector via solder.
3.     The method as claimed in claim 1, wherein in step (c) said
electronic substrate is attached to said coaxial connector via epoxy. 4.
An electronic interconnect device for attachment to an electronic package
comprising; a coaxial connector comprising a dielectric material having a
center opening and isolated electrically conductive interior and exterior
surfaces, said coaxial connector having first and second ends, said first
end for attachment to said electronic package; and, a socket for mating
with said coaxial connector second end comprising a body and inner and
outer conductors housed in said body and configured for mating with said 



coaxial connector such that said inner and outer connectors do not traverse
beyond said coaxially cylindrical first end, said inner conductor adapted
to be received within said    -22- electrically conductive interior surface
of said coaxial connector, said inner and outer conductors configured so as
to respectively contact said interior and exterior surfaces of said coaxial
connector at different times in order to reduce the maximum insertion force
of said coaxial connector into said socket. 5.      An electronic package
and interconnect device for attachment to said electronic package
comprising: a coaxial connector comprising a dielectric material having a
center opening and isolated electrically conductive interior and exterior
surfaces, said coaxial connector having first and second ends, said first
end for attachment to said electronic package; said electronic package
including a substrate having coaxial electrical pads attached thereon, said
coaxial connector positioned on said pads and attached to said pads on said
substrate; and, a socket attached to a PC board, said socket comprising a
body and inner and outer conductors housed in said body and configured for
mating with said coaxial connector such tat said inner and outer conductors
do not traverse into said substrate, said inner conductor adapted to be
received within said electrically conductive interior surface of said
coaxial connector, said inner and outer conductors configured so as to
respectively contact said interior and exterior surfaces of said coaxial
connector at different times in order to reduce the maximum insertion force
of said coaxial connector into said socket.    


