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s+ The Invention 1. Field of the Invention The present invention relates t
coaxi al connectors and, in particular, to coaxial connectors used
f@r connecting single chip and nultichip nodules to each other and to
printed circuit boards. 2. Description of Related Art In surface nmount
technol ogy, integrated circuits (I1Cs) are connected to.ceram c or organic
packages which in turn have netal |eads extending therefromfor connection
to a printed circuit (PC) board by neansl of soldering or by insertion into

a socket. The electrical attachnment of the IC to the package is often
referred to as the first level of attachnent. The electrical attachnment of
t he package to the PC board is the second | evel of attachnent. The trend

for | C packages is to increasmxtthe ThaasCoNtEandPEVECE®Rr of | Cs on a package
with a resultant increaskND MRTHRD® OF NAKENE THBf SAMIput/ Qutput (1/0

connections at the secomnshckg¥&hndobrarhachnbaatidhe density of the
second level attach for hi'gh TOcounts 1S currenily being satisfied by

several types Foklat oathimntisedetesni ncluding Pin Gid Arrays (PGAs),
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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 there:from for connection to a
printed circuit (PC) board by means of soldering or by
insertion into a socket. The electrical attachhhent 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/0) connections at the second level of
attachment.

The density of the second level attach for high IO
counts 1s 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 1is attached to
circular conductive or metallized pads on the package.
Attachment is typically by scldering 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



Attachment is typically by soldering or brazing to the netallized pads
arranged on the package surface surrounding the I1Cs or on the opposite side
of the package fromthe 1Cs. The netallized pads are electrically connected
tointernal conductors or vias which are used to provide wiring for the

2 1 Cs. The PGA connection nethod has been-used for many years and al | ows
the 1C 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 nm ni mal

di sruption of the structure of the package. The long pins also help to
absorb the difference in Coefficient of2 Thermal Expansion (CTE) between the
package and the circuit board. A |l arge CTE m smatch can cause failure of
t he sol der at the package to pin |ocation. Long lead lengths help to
mnimze th ater mpyenment of the pins at the _solder joints. The pad
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: CTE m-ismatch can cause failufe of the solder at the package
to pin 1location. 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 < I0 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 mi‘ls. 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



in 1O density and perfornance. Additionally, off chip frequencies are
Tncreasing into the GHz range denanding greater isolation of the signal
conductors from unwanted crosstal k. Another second | evel attach nmethod is
the Ball Gid Array (BGA). The BGA uses a pad attach scheme simlar to the
PGA except, instead of a netal pin, a high tenperature solder ball is
attached to the pad using a | ower tenperature sol der. The resul tant ball
grid array provides a higher density of 1Owith a typical pitch of 40 to 50
mils. The shorter height of the balls, typically 35 mls, greatly
decreases the contribution of the intercgnnection length to unwanted

I nduct ance. However, the shorter ball height nakes 3 the BGAs poor

candi dates for a pluggable burn-in test or for a pluggabl e package for
system use and field upgrades because the balls are nmade of soft sol der
speci fi cal | $heoBGéss @air atandhdehesafidrapsplpuoigelrlel ksimesisestest GGE for
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) over repeated thermal cycles. Another drawback of the BGA

i is the short height of the balls which have 1little
. resistance to solder fatigue caused by numerous thermal
cycles. Resistance to fatique is important to packages of

larger size since the- IO connections at the greatest

distance from ‘the center of the packages, wusually the

corners, are the most likély 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 3joining 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 sighal isolation problem is U.S.

Pétent 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



to this problem has been the introduction of the Colum Gid Array (CGA)
ackage. Again, an array of pads are connected to a higher joining
tenperature solder, this time in the formof a colum or wire, by a | ower
j oi*ni ng tenperature solder. The pitch of a CGA connection can-be the sane
as a BGA. The col umms provide a higher degree of reliability conpared to
the BGA due to their |onger |engths. However, the colums are not easily
pl uggabl e for burn-in or systemor field upgrades. In addition, the sol der
colums are very easily damaged in processing and handli ng and nust be
protected at all tinmes. One approach to the signal isolation problemis

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
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field repl ace®etPL1dWi nduct ance, high signal isolation and high

reliability Bearing .in mind the problems and deficiencies of the
T 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 ¢onnector with high IO density.

Still other objects and advantages will in ,bart be
obvious and will in part be apparent from the specification.



Bearithg in mnd the problens and deficiencies of the prior art, it s
“therefore an object of the present invention to provi | ectronic
I nt er confeet—device—which—is conpliant in the XY axis ther :
insertion into a socket while being tolerant of socket to )
novenent diisiShat Bds Bedti®eplacgd| | Nng due to CTE m smatch. A further objecr—of———-
the i nventi de a coaxial connector attachnent schene by which
an :array of “ !!nectors arranged on a package can be aligned

during inse ocket which can also be used to carry voltage or
ground. It is yet another object of the present invention to provide a -
conpliant array of connectors which can be mass produced. It is yet another
obj ect of the present invention to provide a conpliant array of electronic

I nt erconnect devices which are suitable for high frequency applications. It
is yet another object of the Sussenty iof e cinventgioni de an el ectronic

I nt erconnect dew ' b ed, tiast,. SO
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art be apparent fromthe specificati.on. REPLACENENT SHEET - 5- -
P pE)naking an eq.ec ronJch ainterconnect éevl\nl.%e, comprising the

steps of: a) providing a coaxial connector comprising a
dielectric material having a center openihg and isolated
electfically 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 sbcket 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, said inner and outer conductors configured so as
to respectively contact said interior and exterior surfaces
of sald 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. )

In another aspect, the present invention relates to a
method of making an electronic package, comprising the stéps"
of: providing a trilayer dielectric sheet with an inner
léyer and two outer layers, said outer layers comprising a
material which is more easily removable than said inner
layer; b) forming a hole in said trilayer dielectric sheet;
c) providing an outer conductor with an outside diameter
approximately equal to the inside diameter of the hole in
said trilayer dielectric sheet, said outer conductor axially
aligned with said hole; d) providing a .filler dielectric
with removability similar to said inner layer of said
trilayer dielectric sheet: e)_ filling said outer conductor



Sunnﬁry of the Invention In a first aspect of the present i nvention, there

*is provided a nethod of nmking an el ectronic interconnecf =
t he steps of : a) prOV|d|ng a coaxi al connector conprisin A1 SHERE HAS BEEN
mat eri al r openlng and isol ated el ectri cal ly—caoftifbACER

second ends;
pads attache p03|t|on|ng t he coaxi al connector on the coaxia
el ectrical pads and attachlng t he coaxi al connector first end to the pads
on the substrate; d) providing a socket attached to a PC board; the socket
conprising a body and i nner 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 suriehessaidt hei xoexi aile:pwmi@r af) diffdxecﬁﬁn; i M8 lien @fld&ﬁai@
reduce the inuntln i.an force g? ihe coa gonn% tor. |nto f
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material hayl g Ag
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an electronlc substrate having coaxial electrical
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coaxi al conoéctthre idbet ha said dielectric sheet, said outer conductor
axially aligned with said hole; d) providing a filler
dielectric with removability similar to the removability of
said dielectric sheet; e) filling said outer conductor with
said filler dielectric; f) forming a hole in said filler
dielectric, said hole axially aligned with said outer
conductor; g) providing an inner conductor with an outside
diameter approximately equal to the inside diamefer of the
hole in said filler dielectric; h) filling said inner
conductor with said filler dielectric; -and i) removing said
first and second surfaces of said dielectric substrate such
that said inner and outer conductors are exposed and
protrude from said dielectric sheet.

In another aspect, the present invention relates a
coaxial electrical pad for an electronic interconnect
device. The pad comprises a plurality of conductive
surfaces attached to a substrate in a configuration which
corresponds to the conductor arrangement of a coaxial
connector whereby mechanical connection of said coaxial
connector to said substrate can be made.



sockef*. In a third aspect of the present invention, there is provided an

el ectroni c package and interconnect device for attachnent to the electronic
package conprising: a coaxi al connector conprising a dielectric materi al
having a center opening and isolated electrically conductive interior and
exterior surfaces, the coaxial connector having first and second ends, the
first end for attachnment to the el ectronic package; the el ectroni.c package
+incfuding a substrate having coaxial electrical pads attached thereon, the
coaxi al connector positioned on the pads and attached to the pads on the
substrate; and, a socket attached to a PC board, the socket conprising a
body and i nner 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 Tnner 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 tinmes in order to reduce the maxi muminsertion force of the
coaxi al connector into the socket. Brief Description of the Drawi ngs The
features of the invention believed to be novel and the el enents
characteristic of the invention are set forth with particularity in the
appended clains. The figures are for illustration purposes only and are not
drawn to scale. The invention itself, however, both as to organization and
nmet hod of operation, nay best be understood by reference to the detailed
description which follows taken in conjunction with the acconpanying

drawi ngs in which: '

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 ohly and are not drawn to scale.
The invention itself, however, both as to organization and
method of operation, may best be understood by reférence to
the detailed description which follows taken in conjunction
with the accompanying drawings in which:

Fig. 1la 1is a cross-sectional view of a coaxial
connector with a hollow insulating cylinder and isolated
electrically conductive interior and exterior surfaces.

Fig. 1b 1is a cross-sectional view of the coaxial
connector of Fig. 1la attached to an electfonic substrate
with corresponding coaxial electrical pads on the surface of
the substrate. .

Fig. 1c is a top view along line Ic-1lc of Fig. 1b
illustrating the conductor layerihg of the coaxial
connector.



Fig.wla is a cross-sectional view of a coaxial connector with a holl ow
=insulating cylinder and isolated electrically conductive interior and

exterior surfaces. Fig. Ib is a cross-sectional view of the coaxi al
connectqr of Fig. la attached to an electronic substrate with correspondi ng
‘coaxial electrical pads on the surface of the substrate. Fig. .1c is a top

view along line Ic-1c of Fig. Ib illustrating t he conduct or | ayeri ng
of - the coaxi al connector. Fig. 2a is a cross-sectional view of the
coaxi al connector of Fig. Ib illustrating the alignnment for attachnment 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 10
pad configural?ign ofat hés. aubsticsse-sddtgion8h view a oftr ddee sestdxaiml

view of: 888?' al aﬁponggétor vgthflg %nent%q!tl()}y 't_Sl?é atgg gH}nghtcong tors

and |IIus? nt for a socke ray and stepped
hei ght oattaa@hlsenket tOnn@r sockett eareanin@dichr $heri gtespeds keigptviely of

t he coa@@ék@@ngﬁﬁggr a(i‘fd Fdkesacbhhdetbating the electrically isol ated
out er conductors 1g.. 3c 1S a top view of a coaxial connector with ribs
Fig. 2b is a top view of the coaxial connector of Fig.

2a along 1line 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 1is 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 1is a cross sectional view 1illustrating the
attachment of a coaxial connector to another substrafé using
a solder attachment process.

Figs. 4a-f 1illustrate the steps for producing an
integrated array of coaxial connectors from a dielectric
sheet.

Fig. 5a 1is 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 abgve room
temperature, illustrating the absorption.- of mechanical

forces by the coaxial connectors which are the result of CTE
mismatch.



,Qn\thé outer surface. Fig. 3d illustrates the 10 pad configuration on the

‘substrate. Fig. 3e is a cross sectional viewillustrating the attachnent of
a coaxi al connector to another substrate using a sol der attachment process.
Figs. 4a-f illustrate the steps for producing an integrated array of

coaxi al connectors froma dielectric sheet. Fig. 5a is a cross-sectional
view of a coaxial connector array of Fig. 4f at roomtenperature, 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

t enper at ure above room t enperature, i Plustrating the absorption of
mechani cal forces by the coaxial connectors which are the result of CTE
m smat ch. Figs. 6a-f illustrate the steps for producing an integrated

array of coaxial connectors froma dielectric sheet using conduptive

m crosprings. Figs.7 bhtfist idflestaratieC gdukagetans h fosuberedueingd an
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present i i wpingerepdHed e MIKE AR HE ein to Figs. 1-7 of the

drawi ngs in whirch, | 7ke1nyeeralted efifrid ddiayd aatth es Slibsbeaténygat kon.
Features of _the. invention, are not .
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 1is 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. 1b 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



_Qecesﬁarily shown to scale in the drawings. Fig. la illustrates a coaxi al
Tonnector 18 conprising an insulating tube 26, preferably of a pol yner
material, with electrically isolated inner and outer conductors 28a,b. The
conmector 18 is positioned above and aligned for attachnent to an IC
package or el ectronic substrate 24 at a first end 18a such as a nmultichip
nodule (MCM or a single chip nodule (SCM. Positioned on substrate 24 and
aligned for attachnment to the inner and outer conductors 28a,b are coaxi al
el ectrical pads 20 which are described bel ow. Sol der paste or preforned
solder 22 is positioned on each electypcal pad 20. In all
enbodi nent s, el ectrical connection of the electrical pads 20 to
electrically conductive vias 25 in the substrate 24 is dependent upon the
application. Fig. Ib illustrates the electrical connection of pads 20a,b to
vias 25 #irldere dedhdmocal FbencEixburef Meddtadas othenpEORAT 18PBF186I der
f : X e:) 3%%&%%i§ghﬂeln%t :ca?h@ieal | t.p‘}.ﬂ%dtﬁgtrrmﬂ?e. biege!l g@&felas)bf h@Mﬁnet:tti@SgN
al so be nade by an, electrically conductive epoxy. Prefera , a % e
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attached tisd nrepéixposetibneh hol ds the connectors in alignment with the
| O pads on th subsirat 24 .durin - Iq§ ‘1ol NG, ., Thefixture
mai nt ai ns thee%}%be csbgé}lﬁ’érgﬁ‘&sglal gtr?rtr)eﬁeé?i ({en%ic&nisp‘?ojfct}lﬁg ﬁgx evel
of connecth ohl mdtmatingz dhe wordietes béyendhgi gundl the mhkepevefehe rom
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. 1lb attached by fillets to the center
electrical pad 20a and outer electrical pad 20b. Outer
electrical pad 20c 1is not electrically connected to the
wiring within the substrate 24; however, electrical
connection to a via 25 1is possible if desired for a
particular application. Electrical pads 20a,b are connected
to wvias 25 in the substrate 24. The continuous outer
conductor 28b, illustrated in Fig. 2b, 1is 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



the  proper positions. Fig. Ic illustrates a top view along |ine 1c-lc of
'ﬁigq b illustrating the conductor |ayering and the shape of the coaxi al
connector 18. The tubul arly shaped connector 18 conprises a tubularly
shaped dielectric 26 with conductive inner and outer walls 28a,b. In

I nstances 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 bel ow. The connector
may alternately be attached to a Printed Grcuit (PC) board. Figs. 2a-b
illustrate a coaxial connector simlar H; the connector of Fig. Ib attached
by fillets to the center electrical pad Z20a and outer electrical pad 20b.
Quter electrical pad 20c is not electrically connected to the wiring

within the substrate 24; however, el ectrical connection to a via 25

| s POsSi bl g4}l desi T egnfop, @ ardi s A cAPPhhaabosnc Harlle cabnRagar2en, b
are connected to vi as 5 1n the substrate. 24. The conti nuo ter
conduct or teshcorrespendatidl the FPyteropconductay; (3pfanggRen di(%ﬁ‘g?

the centgpaxigdn@esindctor N high frequency applications. Fig. 2c is

1 ot ating théimo iR 059D TS Fort ik She BURCEr ok 2§06 al
el ectrical cpasiect®a.b arTkeebeckeitcAll comnsuitahldeficgedigmdeibh vomdomrs ve
24. The pagBogrinsi ITGhAFEer" HBERES0LE AT ORI CRE, ambikieie
connector bé Fhig.s@estwhitah Peaworerrsoekekynedifhgatige, tangcrapmpdate
el.ectrical Ly ,cOnpeeied b WbidEet NcbhBuEEdYs B £ the coaxial connector.
The socket 31 comprises a body 32 and inner and oute;
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 1is
typically attached to a PC board although other apﬁiications
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. Follewing plating, the
tube can be cut by laser, abrasive sawing or the like, to

form lengths of coaxial tubing with nonconductive ends.



| nper~ and outer electrical pads 20a,b,c are illustrated in Fig. 2c. The
vouter electrical pad 20b,c nay be configured to correspond to the outer
conductor arrangenent of the coaxial connector. Fig. 2a also illustrates a
socket 31 for the coaxial connector. The socket 31 is suitable for use with
various enbodi nents hereinafter described except for the enbodi nent of Fig.
3a which requires socket nodification to accommpdate a plurality of outer
conductors of the coaxial connector. The socket 31 conprises a body 32 and
i nner and outer conductors 34a,b housed in the body 32 and configured for
mating with the coaxial connector. . TThe inner and outer conductors 34a,b
are electrically connected, for exanple, to a PC board 46 by vias 25. The
i nner and outer conductors 34a,b are configured so as to respectively
contact the interior and exterior surfaces 28a,b of the coaxial
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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
shoul¥d 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
cdnnectors 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



process in order to create an extrenely |ong tube. The interior and
exterior of the tube are subsequently plated using, for exanple, an

el ectroless plating netallization process or a seed plating netallization
pr otess. These processes can be performed by one of ordinary skill in
the art w thout. undue experi nentation. Foll owi ng plating, the tube can
be cut by | aser, abrasive sawing or the like, to formlengths of coaxi al
tubing with nonconductive ends. 12 Alternately, the coaxial connectors-
may be made using polyner tubes which can be plated or coated wth
electrically conductive material and ghlch can then be appropriately
attached to the coaxial electrical & s 20 on the substrate 24. Pol yrer
tubes, preferably of polyimde suitable for maki ng coaxi al conductors, are
avai l abl e from HV Technol ogi es, Inc. of Trenton, Georgia. Appropriate tube
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in place. connector |length alsqQ allows for a long insertion w pe or rub
| engt h foﬁl rﬁg\M?¢P¥ﬁ% gﬁﬁke? 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 léyer 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 cgnductors
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



condbict or s. The insertion w pe should be at least 0.2 Mmm (0.5 m|s) and
¥nmore typically 0.2 mmto 0.8 mm (5 mils to 20 mils). The | ong w pe
facilitates the renoval of oxides which formon the conductive materi al
and which can interfere with the electrical connection and reliability.
There are a nunber of ways to acconplish the attachnment of a discrete
. coaxial connector to -a package. When connectors have been previously
cut- to the length desired, each connector can be |oaded 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 10 pads on the
substrate. The array of connectors can then be processed through, for
exanpl e, a solder reflow oven to joingghe connectors to the substrate 10
pads in a batch operation. This batch process is simlar to that of a pin
attach process for PGA package manufacturing and can be 13 perforned by
one of ordinar kill.in the art w thout_ updue experinentation.
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used to jOIn a
lectrical 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 1s 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 1leaving an unplated strip or rib 27 betwéen 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.

Fid. 3d illustrates the configuration of 10 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" ‘.



cenmnéctors in a joining operation. In the attachnent nethods described, the
“fixture maintains the proper spacing and alignment of the pins for the next
| evel of connection and mnimnizes the effects of individual | O pad novenent
fromthe proper positions. Polynmer coaxial connectors. have advantages over
PGA and CGA packages including conpliance which allows insertion

m salignnment, as well as, the ability to function when a CTE (Coefficient
of “Thermal Expansion) msnmatch is present between the PC board 46 and the
substrate 24. Alternately, for lower freggency applications, where a skin
depth effect is not inportant, the use of an anodized al um numtube to form
an insulating layer is appropriate. The anodi zed | ayer forns an insul ating
surface, thereafter, the anodized surfaces could be plated using an
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frequencycoaxial 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 Jjoining 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 mnisalignment 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 &

chemical or etching prodess. As illustrated in Fig. 4b at



app! rcati ons where conpl ete coaxi al shielding of the inner conductor is not
“necessary. Quter 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 simlar to that of Fig.
.2a is appropriate for the enbodinent of Fig.m 3. However, the socket

out'er conductor 34b' and 34b'' should be arranged to accomodate the
configuration of the coaxial connector outer conductors 28b' and 28b’

in order to connect to a plurality of electrically isolated coaxi al
outer conductors. In Fig. 3a, outer coaxial conductors 28b',b'' are aligned
with outer socket conductors 34b',b'' 16Fig. 3b depicts the top view of a
coaxi al connector with nultiple conductors on the outer surface. The
coaxi al connector can be nade by selectively plating opposite sides of the

outer surface of the .|l ength.of an ogier conduc# W§I|e eaV| an unpl at ed
strip ort$3%t Z?HSeS\ﬁéﬁ elpl FOTMES 13 abhs. S etﬁ?l} J 2¥PeBuI d
be produdes, nthmbeexa»rfplcegnnéxyt@nsedtelstisledn M il 138 nmy)d@@sform&ie

ri bs 27 n t en, Xt er, I lized
surfaces&gS%‘qn%gblH&e %é g%g'wgq'%r# F¥g ag‘g" Sm‘ aab\(,:l?e égﬁ%gtrl c‘Il ?%gfate
conduct io® theabolesTiS8 rdis Qﬁealmeteéﬂlasdlbwiawsﬂaﬁangpwmnmssfande

t kXt { t
connect Qs _eggxi¢1§§%r§e%£etﬁe§% aghi ng: | Rep3eanqy 0%:??&‘81&&8 for

substrate .o tes the co Euratl ace pads_ or
coaxi al ®#eRl}IizANIpARrPRarrheleFatimolitd e rdsed t 81 ﬁm@??ﬁ%&%&%t%@nthe

coaxi al feonnecthe utdl®. cdhdwictbrt VE8b 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. I; 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,
préferably 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.



oyt er conductors 28b'- and 28b'"'. 15 Fig. 3e illustrates the
“attachnent of a coaxial connector 18a to a first substrate 24a and the
attachnent of a second coaxial connector 18b to a first side 24b' of
substrate 24b by solder fillets 30a. The first coaxial connector 18a
I's then connected to a second side 24b'' of the substrate 24b by .sol der
fillets 30b. Alternately, the coaxial connectors 18a,b may be connected
to-a PC board 46 in place of the substrate 24b. The sol ders chosen for
fillets 30a, b should provide an attachnqﬁt hi erarchy such that the sol der
used for attachnment at fillet 30a woul d have a hi gher joining tenperature
than the sol der used for attachnment at fillet 30b. The joining hierarchy
prevents solder fillet 30a from becom ng soft during the attachnment of

fillet 30b whi oul use m,sald o] n r..18a w th the
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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. i

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
cohnectof 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
nicrospring integral coaxial connectors 44a,b provide a



A «.cdaxial connector, alternately, . may be forned integrally in a

dlelectrlc sheet . Flgs 4a-f illustrate the steps of producing an
|ntegrated coaxi al connector 35. The process begins wth a trilayer
di el ectric sheet 36 illustrated in Fig. 4a. The trilayer dielectric

sheet 36 has an inner |ayer 36a and two outer |ayers 36b, the outer |ayers
36b are forned of a material which |§‘nnre easily renovabl e than the inner
| ayer 36a and is renoved using a che or etching process. As
illustrated in Fig. 4b at 16 | east one hole 38 is fornmed in the sheet
36, dependi ng upon the nunber of connectors desired. The hole 38 may be

f or med b% punching or drilling or any suitable method. The walls of the
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resi st andeng&hcheni cal etching renoval similar to the etching resistance of
the 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
. Lo 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
36’7, of the dielectric sheet 36 and the filler d.ielectric
40 are removed such that the 'microspring conductors 44a,b
are exposed and protrude from the dielectric sheet 36. The
removal 1is achieved by chemical etching"which could be



dielectric material of inner |ayer 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 forman i nner conductor 28a of the coaxial connect
35: In order to forma coaxial connector 35 which protrudes fromthe inner
| ayer 36a of the dielectric sheet 36, the outer |ayers 36b are next

renoved, as illustrated in Figs. 4de-f, preferably by chem cal etching
in-a solvent or process which will notjeffect the dielectric |ayer 36a or
the filler dielectric 40. These chemcal, etching, plating and
metal li zati on processes referred to above can be perforned by one of
ordinary skill in the art w thout undue experinentation. The process
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connect i @ﬁflbﬁ sreledevel] e@f @Pmi“@ﬁsﬁt@gr‘él?b@l codlilalke onrevided 3wy of

Fig. 4f,the ﬁlEQd%ﬁ%ﬂ% 684 u§edS¥B§t56§ﬁlﬁé LGAFb%nné@%ﬂddﬁQStrates

t he connectlon at roon1 qg rature ustrates the connection

at a tenperat 448 -el edat S BpBVEESSmM taéhpe?g?GFé"E‘&Gh dRagkase pahich
encount e¢gflpird seRe =3t icdkectriMi€l sMBs€date 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
'isoiated 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 utlllzed at
frequenCLes 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
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tenper at ures, the PC board 46 expands nore than, for instance, a-
céram c substrate 24, which could cause the coaxial connectors 35 to bend
out and cantilever at the substrate-to-coaxial connection. The
connectors farthest fromthe center of the substrate will see the greatest
anount of bending and stressing of the fillets 30 at the

- cQaxi al -to-substrate connection. The strain experienced at the fillet 30
could result in cracking and ultimately connection failure. However ,
the dielectric sheet 36 absorbs nuch of the CTE m smatch between the
substrate 24 and the PC board 46, thus minimzing the creation of cracks in
the fillets 30. The coaxial connector aggay 35 can also be used for socket
applications in which the inner |ayer 36a will help to mnimzed the
transfer of strain due to the coaxial connector bending from CTE m smatch
bet ween the substrate 24 and t he socket 31 The integral coaxial connector
35 may al so be formed with connerC|aII bl e. m cros g i nner and
outer condtRYSRE1R, RFeSaRF PEERYIS @lﬁ +€kaPﬁg§n 1£sﬁ8ﬂqfqﬁ?r%old
pl at ed tcnamnpéomassupnbdu¢edtandaadtathedltblpankagﬁme aﬂsbouwsﬂﬁ¢
use or 2 TERPERL! MO W A AL 0 08 UtEACRLUS’ I A4 16, BhALLRO ditsc
possi bl e. € m Crospri’ng 1 h egr coaxial “connectors 44 rovi

18 hi ghl y caapbé ansedofozc compliicmtf drnmmqrawwrcmérbahél Gnmi @mnaamt

wi th coaxi g} ephhl aRlviRRSS AL PR A& Sisolation.

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. ;



(not shown) or PC board (not shown). The conpressed LGA connector or
i ntegral coaxial connector 35 is also suitable for high frequency
appl i cations since the contact method provides for Iowﬂqmﬁﬁﬁiumn»neLsemPy
shi‘el di n ' ctor 44a from extraneous si gri"a‘ﬂ% SHEBET HAS REENt
pat h Ienﬁlmmmmammﬂﬁe enbodi ment whi ch uses mi cr o§pringRERACERr ned by
a processs | rated in Figs. 6a-f. The process conprising the
follow ng steps. First, a single conposition or single |layer dielectric
sheet 36 with first side 36" and second,side 36'' is provided. Next, a
hole 38 is fornmed in the dielectric sheé 36. A mcrospring shaped outer
conductor 44b is fitted into the hole 38. The microspring 44b has
an outside dianeter which fits snugly into the hole 38 and is axially
aligned with the hole 38. The hole 38Cé§i&illed with a filler dielectric 40
whi ch enbeds the mcrospring 44b int ol e 38 and adheres it to the
si dewal | @f. th@& dhetkodriaf she&ling6 az elewtriomif ginbercFhoeditel @evice
mat eri al ' h,fate simlar to the etch rate of the
dielectri§Q% ggfaégfqﬁkﬁi%Fgégh%_é 39, which is smaller in radjius than the
previ ously f®nRPEORSHANY & ¢eR¥EALli FONRESHON FORRTE}&EREi @ sbieleqheifol e
39 is axially glait@yeich t halvigiput @ NEehespr | r%é-ﬂmgA N&gdl OSP4 diba t 8aer

: e

conductor 44a is next. fitted into the hole 39. T i nher microsprjng 44a
hoe ar out of de CHERRRIGATRY CFORIGtERE JRPEPRIBT! ABOHBRECIE O U a0e a1 |y
aligned with taikblevadfial dhwendoter3Bavinghénrktl bad wieldorfd |dreds ;
dielectric .t.he first d. su 6' 6" of . the
dielectric s )ée{\sgévéﬁgngheaﬁ I %eq?eﬁ?qglc? ri %ﬁg%g%?l%ér elﬁ%&g‘(ﬁn suc%o?ﬁ%l?ft he
m crospring coedesttorisaligpads 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
i comprising a body and inner and outer conductors housed
in said body and configured for mating with said
coaxial connector, said 1nner 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. A method as claimed in claim 1 wherein in step (c)said
electronic substrate is attached to said coaxial connector

via solder.
3. A method as claimed in claim 1 wherein in step (c¢) said
electronic substrate is attached to said coaxial connector

via epoxy.

4, A method of making an electronic interconnect device,

comprising the steps of:

This Sheet Has Been Replaced
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Qre"e;(’posed and protrude fromthe dielectric sheet 36. The renoval is

achieved by chemcal etching which could be 19 perforned by one of
ordi nary skill in-the—art—w t hout undue experinmentation. The degree of

et chi ng i [ et 36 and filler 40 define the FXTEIGak T

m crospii‘iﬂﬁ“ﬂh%l‘!‘!ﬁm de fromthe dielectric sheet 36 angg E’{'ﬁ% gg@f-ﬁ"na
t he .| evel}*0%; onh which will be provided by the nme+esprrgs—iien—
used for joining LGA connecti ons. Fig.22 7 illustrates an electronic

package which conprises 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-Gid-Array. (PGA) connectors, attached to

t he substrat T ackage. | sQ.i-nclude a socket attached to a PC
board. The s%%:%iﬁm%&?é@c% bgglg%&\%, %6%?8#5%0&'%%? ed ot ARt HYRGFt h
t he coaxial cor¥alrsang arftWwi nouter Thiapens, 42 seidh oamelre layers

electrically i ¢4 t oK SHUDSLT 4 0SJ 11 for
gui di ng the coaxingf%%o%él%g}aopgaﬁéf?%tiomgﬁ%n%%t %o%efheégﬁje& rsrfaél{llél)gggle
contacts in (4N SRX_tEMNQrt dAKEEEly, the pins 42 could be electrically

connect ed t obyiffrmingd he webst 1At 8a2d. tT8 a9k diica@dctaannegidon, of the
pins 42 to the substrate 24 may be acc lished by any wel |

one skilled ﬁ:ﬁﬁrr?ev laéltn% FHO&J%UEOB%EFPHE AR RUESARSn dkaREAENt
nethod i s by seipperoxikietel pseqtalntenttiien nesideal dLanaesrob s THieshgred
with an el ectrigaldy; 4 nsyy ALy 09 §YLhBEELGR (B QL her sshaped conductor

: axially aligned with said hole;

d) providing a filler dielectric with rémovability similar
to said inner layer of said trilayer dielectric sheet;

e) filling said outer conductor with said filler
dielectric;

f) forming a hole in said filler dielectric, said hole
axially aligned with said outer conductor;

g) providing an inner conductor with an outside diameter
approximately equal to the inside diameter of the hole
in said filler dielectric; and

h) removing said outer layers of said trilayer dielectric
substrate such that said coaxial connector protrudes
from the inner layer of said trilayer dielectric
substrate.

S. A method as claimed in Claim 4 wherein in steps (b) and
(f) said holes are formed by punching.

6. A method as claimed in Claim 4 wherein in steps (b) and
(f) said holes are formed by drilling.

7. An electronic interconnect device made according to the
process set forth in claim 4.

8. An electronic interconnect device made -according to the
process set forth in claim 5. L

This Sheet Has Been.R
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dielectric, coated with electrically conducting material on the interior
“and -exterior surfaces which are electrically isolated fromeach other.
Furth the present invention at | east doubles the 10 capacity of the PGA
t ype EU ”uﬂrﬂﬂ the invention presents a coaxial socket that enables
the ﬂ connector to be fully utilized at f{reguencies that
ext end |nto t He *r ange. Further, the invention proVinks SHEERHAS BEEN
sol der attachnent of the connector in a stacked configurfti on REPLALCBVI de a
hi gh density—three-dimmensi onal stacked | C package. Further, the 20
I nvention presents nethods by which the coaxi al connectors can be mass -
produced armhis@hdcciddsBekntRoplagtkages. 33 using simlar form ng mechanisns a
se

structure ca hat can be d for conpliant interconnection of
Land Gid Ar evices with high frequency isolation. Wile the
present inve a

S been particularly described, in conjunction wth
a specific preferred embodinent, It I's evident that many
al ternat igyes, pﬂp@lféé@édr@i@ ﬁ@defébhatebftnaewllde R PRIyt fOSEhe
skilled in the art .in ht , of e fagregoing description It is therefore

contenplBF&EQﬂiﬂsqqm; R d¢ ?éW ‘wi | | embrace any such alternatives,
nodi fications and variations as falling within the true scope and spirit of
the pres?Bt '@“%%fﬁgd of making an electronié package, comprising
the steps of:

a) providing first and second electronic éubstrates, each
of said substrates having first and second sides;

b) providing first and second coaxial connectors;

c) attaching said first coaxial connector at one end to
said first substrate first side by a first solder
having a first joining temperature;

d) attaching said second coaxial connector to said second
substrate second side by said first solder having a
first joining temperature; and

e) attaching said first coaxial connector at another end
to said second substrate first side by a second solder
having a second joining temperature which is lower than
said first solder first joining temperature, whereby
said solder joining temperatures prevent said first
solder from becoming soft during the attachment -of said
second substrate to said first coaxial connector.

11. An electronic interconnect device made according to the
process set forth in claim 10.

12. A method of making an electronic interconnect device,
comprising the steps of:
a) providing a dielectric sheet with first and second
surfaces;
b) forming a hole in said dielectric sheet;
c) providing an outer conductor with an outside diameter
approximately equal to the inside diameter of the hole



-2ls Clainms W claim 1. A nmet hod of making an el ectronic interconnect
= gdevi ce conprising the steps of: a) providing a coaxial connector conprising
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 el ectronic s Be0dxi a
- electrical pads attached thereon; c) positioning saldTﬂﬁﬁﬁﬁgl éﬁynectcr on
said coa ds and attaching said coaxjal TSt end

to sai d Hﬂl"ﬁ"lﬂ!"”ﬂﬂt“tlﬂfrate d) providing a socket attached to a PC
board, said socket mcofrprisi ng a body an%ﬁinner and outer conductors housed

in sald body and configured for mating t said coaxial connector, said

i nner and outer conductors configured so as to respectively contact said

interior and exterior surfaces of said coaxial connector at different tines

in order to reduce the maxi muminsertion force of said coaxial connector

into said socet safilad cﬁ)er@aﬂﬁizél BHhewd,d SeiaKi Ght £PNBBHHAICLTAC 01 &ndyt O

sai d socket. t hod %& ﬁlalned inclaimi1,.wherein in step (c)
sai d el ectrorft l%ﬁﬁ?tW& is214 (BR}8H to said coaxial connector via sol der.
3. Thedpashodidingl ai mHd lew cdhebedtribewtth remsvepildtyasimilar

el ectronic Sq?St#@?cSﬁ%@ctEg ed t fsgég?gg ig#tgggn%% Q¢ Via epoxy. 4.

An el ectronic-¥n eVl o%an 6l edtron|c package
conpri si nge) aftbhkngl csamndct ooutempri spnduatdrel e¢ithc meabdi al Lhhkeng a
center 0pe”'ﬂ%1éf§c£§?k@t6d el ectrically conductive interior and exterior
surfaces, said coaxla connector haV|ng first and second ends, said first
end for at EACKOERINGo @ah@le edty oprddpdiddge dhelestadcret SPE Pifg

wi th said Coaaskﬁémgnaqatg@fe&e&pﬂd §Qﬂdcéﬁﬁétsbaﬂdﬁcl%(}y and inner and
outer conductors Tihsed Tn sal o body and confi gyred Tor moting, with said
approximately equal to the inside diameter of the hole
in said filler dielectric;
h) filling said inner conductor with said filler
dielectric; and i
i) removing said first and second surfaces of said
dielectric substrate and said filler dielectric such
that said inner and outer conductors are exposed and

protrude from said dielectric sheet.

13. The electronic interconnect device as claimed in claim

12 wherein said inner and outer coaxial conductors are

microsprings.

14. An electronic interconnect device made according to the
process set forth in claim 12.

15. A coaxial electrical pad for an electronic interconnect
device comprising:

a plurality of conductive surfaces attached to a
substrate in a configuration which corresponds to the
conductor arrangement of a coaxial connector, whereby
mechanical connection of said coaxial connector to said

substrate can be made.

This Sheet Has Been Replaced




Qoaxlal connector such that said inner and outer connectors do not traverse
‘beyond sai d coaX|aIIy cyllndrlcal first end, said inner conductor adapted
to be recei ved Wt hi n sair——22- electrlcally conduct i interior surface
of said coaX|aI tor, said inner and outer conduct of sSTHH®SHEBDHaE BRENA
to respectivel !H@ﬂﬂﬂg ﬂﬂ!”" erior and exterior surfages ofRERUACEDOaxi a
connector at -di lrorder to reduce the maxi muminsertron 10T Ct
of said coaxi al connector i*ntd said sockes. 5. An el ectroni ¢ package
and interconnect device for attachnent to said el ectronic package
conprising: a coaxial connector conprising a dielectric material having a

cent er QPCIENg A RLARaFLRFLIRAI i GRS HLYE R155L Ay HELPL P11
sur faces, saiduci0airdloos ALl ikt ends, Sard first

end for attachnent to el ectronic pac age sal electronlc package

i ncluding a substrate having coaxial electrical pads attached thereon, said
coaxi al connector positioned on said pads and attached to said pads on said
substrate; and, a socket attached to a PC board, said socket conprising a
body and inner and outer conductors housed in said body and configured for
mating wi th 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 sard“TﬁTE?lor and exterior surfaces of said coaxi al
connector at different tlnes in_or er%ﬁiépduce t he maxi numinsertion force

of said coaxial connector W‘bﬂ“ﬁii\ ﬁ

D




