FLEXIBLE CIRCUIT COMPRES SION CONNECTOR SYSTEM
AND METHOD OF MANUFACTURE

BACKGROUND OF THE INVENTION'

This invention mlate§ to electrical connectorﬁ and, more parl:icul_arl'y, to high density
electrical connectors utilized to electrically connect electronic devices disposed on two or more
printed circuit boards. . |

Incréased integration of electronic devices has created an interconnection problem for

printed circuit boards receiving these devices. Specifically, the number of interconnections
req_uired to eleétically connect togé_ther two or more printed circuit boards receiving these
electronic &evices has exceeded the connection dénsiﬁs of prior art pin-in-socket cormectors.
Moreover, these prior art pin-in-socket connectors typically have relatively long and unshielded
lengths which have uncontrolled ﬁnpedanceé resulting in less than desired electrical
performance. |

| A high contact density connector utilizable for electrically connecting together electronic
devices xeceived 6n two or ﬁore printed cn'cmt boards and overcoming the foregoing problems is |

disclosed in'an article entitled "A High Density Edge Connector” by I. Campbell et al.,
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Copyright 1995 IEEE. This article disclbses a flex circuit formed of a 2 mil thick polyamide

| film having 3 mil wide copper lines plated onto one si.de.thereof and 25 mil round contact pads

| plated on the side of the film opposite the circuit lines and along both edges of the film. 4 mil
diameter plated through-holes, or vias, extend between the contact pads on one side of the film
énd thé circuit lines on the other side. Palladium dendrites, or $pires, are elec&o- deposited on

_ surfacés. of each contact pad.. These dendrites straddie dust or fibers and puncture oils or films
present on éach contact pad prior to connector mating and produce on each contact pad a
multitude of cqnductive connections. The connectox; includes a molded plastic force block to
which elastomerié cylinders are molded. These c;'i{nders act as springs which pfovidé fofce,
when compressed during assembly, to make and niaintain an electrical connection between the.
contact pads on the film and the pads on a printed circuit board. One cylinder is provided for
each ?:o'ntémt and compensates fof any variation in plaﬁarity and tolerance acﬁumulation. Conical
alignment pins are utilized to mate alignment holes in the flex circuit with alignment holes in the
printed circuit board during assembly, thereby ensuring proper registration between the contact
pads on the film and the pads on the printed circuit board.

Another flexible circuit connector for connecting a daughter card and a mother board is
disclosed in an article entitled "A ngh Density Pad-On-Paci Connector Utilizing A Flexible
Cﬁcuit" by R.S. Pokrzywa, Copyright 1993 IEEE. This connector utilizes a two-sided flex

~ circuit having plated, spherical contacfts contacting flat printed circuit pads on the daughter card
and on the mother board. The sﬁhericé_l contacts on the flex circuit are § mﬁs in diameter and

have a copper base metal overplated with nickel and gold. Alignment pins are utilized to align



the flex circuit, the daughter card and the mother board so that each spherical contact mates with
a desired printed circuit pad. Precipitation hardened stainless steel curved beams provide contact
force for reliable connection between the spﬂeﬁcd contacts and the printed circuit pads. During
actuation, the curved beam is flattened to produce a uniform load across the contact area. An
elastomeric pa& is positioned between the beam and the contact area to accommodate local
discrepancies in load across the contact area and to focus the connector forces. In one
embodiment, the elastomeric pad has a plurality of elastomeric cylinders utilized to back-up the
spheﬁ§a1 con;:acts. In another embodiment, where size does ﬁot permit mplding individual
cylinders for each spherical éontact, an ela_stoﬁeﬁcv rib is utilized to back a row of spherical
contacts. |
A problem with spherical contact pads and elecﬁo—déposited_ dendrites on contact pads is

that they inconsistently break through contaminanis, such as oxides, films or .foreign materials,
that may be present thereon or oﬁ the contact pad of a printed circu_it board. Hence, inadequate
electrical contact or, in somé instances, no electrical contact is made between thel contact pad of
the flexible circuit and the contact pad of the printed circuit board. Moreover, the formation of a
geometric. surface such as dendrites or spheres on the contacts of the ﬂexible chcuit increéses the
cost of such connectors.

'. Currgntly available flexible circuits are expeﬁsive to mgnufacturg and must be designed
for specific applications. What is desired is a flexible electrical connectbr device that includes é,

' -compfession means, yet is adaptable to different applications and is iriexpensive to manufacture.



Itis therefox.'e an object the present invention to provide a ﬂexiblé circuit compressor

. connector system that includes a compfession assembly device which overcomes theée
dra§vbacks of the prior art connectors. Itisa ﬁ.u'ther object of the present infrention to provide a
flexible circuit compressipn connector system contact that prdmotes electrical contact ﬁvith
conductive pads of a printed circuit l.:oar-d tailored to specific applications. It is an object of the
present invention to provide a meihod fqt making a flexible circuit compression connector

_. system that utilizes a resilient compression aésembly device to provide the required contact. It is
an object of the present invention to provide a method of makmé a ﬂexible cifcuit compression
connector system that includes a resilient cbmpteésibn assembly that is less costly to
‘manufacture than the pﬁot art flex circuit connectors and is easy to assemble and align.

SUMMARY OF THE INVENTION
Accordingly, wé have invented a flexible circuit compression connector System_that

includes a compression assembly utilized to electz;ical_l)" connect together conductive pads
disposed on one or more substrates. The flexible circﬁit compression connector system includes
a flexible insulating substrate having a plurality of predetermined positions of preapplied
conducﬁve material and at least one conducﬁve line thereon extending between at least two of |
the predetermined positions of preapplied conduétivé mateﬁaL such__.as a solder paste. The
system also includes a plurality of contacts of preselected configuration forming a matrix which
are assembled to the substrate. Each contact has a head aqd a base secured to the flexible |
insulating substrate at thé predetermined positions of conductive material, thereby forming a

contact matrix. The base and head are conductive materials. Each contact in the matrix has a



head of preselected configuration extending away from the base and the flexible substrate. Each
contact is conductive so as to allow a flow of current through the preapplied conductive material
on the substrate and the base through the preselected configuration of the contact. In one
conﬁguraﬁon, the ﬂeiible circuit cempression _coﬁnector system includes a ﬂexible substrate
“having a plurality of conductive holes therein and at.least one conductive line thereon extending
between at-leasf two of the.c_onductive holes. The flexible circuit compression connector eysterﬁ
also includes a plurality" of contacts. Eech contact includes a base aed a head that extends away
from the base; Optionally the base may include a post that extends away from the base in a
direction opposite the head. The b.ese or fﬁe optioﬁ:ﬁ post of each contact is secured in one of the
plurality of conductive holes. |
A _cempression mat is positioned en the side of the flexible substrate opposite the heads
of ‘_d_le plurality of contacts. The compression mat includes a plurality of resilient cylinders
| extending away from a resilient base. Each resilient cyliﬁder has a distal end alignable with each
one of the pluraﬁfy of contacts, but on the side of the flexible substrate opposite the contact
heads.
In assembﬁng the contacts to the ﬂexible substraite, a transfer ﬁlrﬁ is utilized ;co transfer
- the plurality of contacts fo the flexible substrate. The dieposeble transfer film preferably has a
plureﬁty of elastic.ally deformable receiving aperfu:_'es which receive and secure the head portion
of preselected configuration of the plurality of contacts.
A ﬂexible cable assembly is attached to a first eubstrate, such as a rigid printed circuit

board, which has a plurality of the conductive pads on a surface thereof and at least one
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- conductive line connected tﬁ at least one of the conductive pads. The rigid substrate and the
flexible circﬁit compression connector system are alignable so that a portion of the head of each
contact on one end of the flexible substrate is aligned in registaﬁon with one of the conductive
pads on the surface of the rigid substrate. |

A ﬁleans for compressing the compression mat against the contacts is positionable

-adjacent the resilient base of the compréssion mat. The means for compressihg urges together at

least a portion of the head of each contact on one end of the flexible cable lto. the conductive pad
of the printed. circuit board or assembly in registration therewith. The resilient columns of the
éoﬁp;ession mat contact the side of the flexible substrate opppsite the head_é of the contact
matrix of the flexible substrate so that each resilient column is aligned opposite a contact of the
contact matrix. The resilient columﬁs act as springs when compressed and urge the contact heads
on the contact matrix of the ﬂexible substrate against the conductive pads on the surface of the
nia.ting assemﬁly, typically the rigid substrate such as"_a printed circuit board. In an alternative
configuration, each resilient column of the compreésion mat contacts the distal end of an optional .
post of a contact, the post extending through the flexible substrate and functions as the spring
whén compressed to ﬁake' and maintain good eléctrical connection between the confact head and
corresponding conductive pad.

Preferably, a plurality of a.lighment holes in each of the flexible substrate, the rigid
substré.te and a surface that includes the compression mat co-act w1th _pluré.liiy of alignment
members to align the flexible substr:ate, the rigid substraté and the compression mat so that the

resilient cylinders are in registration with the contacts, and the heads of the plurality of contacts
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are in registration with the plurality of conducﬁvé péds. Each alignment member may be
threaded and may serve the dual purpose of ﬁroducﬁg the compressive force for compressing the
mat against the flexible substrate opposité the heads.

The present invention is é flexible circuit compression connector system comprised of at
least one contact that includes a conductive head and a conductive base. Thg conductive .héad
extends from one side of the base and is of a preselected design most suitable for its intended
application. -An optional post may extend _from thé sidé of the base opposite the head.

The bése of the contact is secured to the flexible substrate at predetermiﬁe_d positions with
a conductive material such as solder while a préférfhed head of preselected éonﬁguration extends
away from the base. In an alternative configuration, the side of the base opposife the ﬁost can
have. a cavity formed therein in regi:.strati'on with a lengthwise axis o.f the post. The base can have
a periphery having a generally rectangular outline. Each comner of the generally rectangular
outline of the base can be rounded and can iﬁclude ohe of the plurality of projections. Each
projection can have a rounded edge formed continuous with the periphery of the base.

- The pfesent inyention- includes a method of making a flexible circuit compression
coﬁneétor system that includes a cémpréssion a_ssemBIy having a connector that includes
providing a plurality of contacts fofming a matrix, each confact having at least a base and a head
~ of preselected configuration selected on" the basis of its intended applic'aﬁon, the head projecting
away from the base. The contac_té are preformed by a metal working operation into any suitablel
preselected head geometry, the contacts being connected to gether by nbs The héads of the

_ plurality of contacts are inserted into a plurality of receiving apertures in a thin transfer film



which captures the contacts so thﬁt the heads project through one side of the transfer film while a

pbrtion of the contacts are projected from ,thé opposite side of the film. Thin ribs connecting the

contacts are then separatéd from the contacts. A flexible insul#ﬁng substrate is provided with

preapplied conductive material applied at a plurality of predetermined positions. At least one

 conductive line extendé between and electrically connects at least two of the predetermined
positions of preapplied conductive material. The transfer film containing.th_e contacfs and the
flexible substrate are mated by bringing the side of the transfer film having the portion of the
contacts pt;oje.;cting from the transfer film opposite the heads into registry with the pfeapplied
conductive material on the flexible substrate. | This ﬁortion may be bases or optional posts. By

' applicatibn of heat, thé contacts are fused to the preapplied conductive material on the flexible
substrate. The transfer film is then sebarated from the flexible substr.ate so that the heads of the
contacts project away from the surface éf one side of the flexible subsugte.

In the alternative configuration, a methqd of makmg the flexible circuit compression
connector system that included a connector that includes providing a pl‘\irality of contacts, each
contact having a base with a post and a head. The heads of the plurality of contacts are inserted "
into a plurality of receiving aperturés 1n é. dispos#ble transfer film so that a portion of the post
connected to the base dpposite the head extends out of the plﬁrality of receiving apertures. .A
flexible substrate is provided having a plurality of through-holes therein and a plurality of

~ conductive lines thereon. At least one conduqﬁve line extends between and ¢1ectrica_lly connects
at least two of the through-holes into which the conductive bases are ihsez’ted. The through-holes

_preferably are conductive. The transfer film and the flexible substrate are mated so that at least a



portion of each base of the plurality of contacts are received in the plurality of cﬁnductive

| through-holes in the flexible substrate. The portion of the bases, which may bé the

~ aforementioned i:osts, of the plurality of contacts are fused to thé plurality of through-holes in the
flexible substrate. The transfer film is then séparated from the flexible substrate énd the plurality
of contacts.

The plurality of contacts are formed from a strip of conductive material by any

. conventional metal fbrming method. Each contact is connected to an adjacent confact by arib
formed from the conductive material strip durihg fhe metal _forrﬁing operation. Each contact is
excised from its connecting rib after insertion ix’i_tc; one of the receiving ape@es in the transfer
ﬁlni. Each receiving aperture elastically deforms to receive and retain the contact therein.

.An advantage of the present invention is that it provides a flexible cable including a
compression asse;nbly which o;rercomes the dravlvbacks of tﬁe prior art connectors. The present
inVention provides a flexible circuit compression connector system having a compression |
assembly that includes an electrical connector that utilizes the compression assembly to promote
positive contact between the connector and the conductive pads ofa niating circuit. The present

~ invention also provides an improvéd method for maﬁng a flexible circuit compression connector
| system that u;_ilizes the provided compression assémbly to assure positive contact with a mating

assembly. The present invention also provides a method of making a flexible electrical cable and
connector that is easier, more reliable, more readily adaptable to modifications, including field

. modifications, and less costly to manufacture than the prior art flex circuit connectors.
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Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction with the

accompanying drawings which illustrate, by way of exaniple, the principles of the invention.

Fig. 1ais a cross section of one embodiment of a flexible circuit compression connector
system in accordance with the preseﬁt invention; |

Fig. 1bis an enlarged view of a portion of Fig. 1a within rectangle 1b;

Fig. 2aisa plan.view of a compression mat of the corﬁpres_sion assembly in Fig. 1;

Fig. 2b is a side view of the compressidﬁ ‘mat of Fig. 2a;

Fig. 3a is a cross-section of a second embodimenf of a flexible circuit compression
connector s&stem in accordance with the present invention; |

~ Fig. 3b is a an enlarged view of a portion of Fig. 3a w1th1n rectaﬁgle 35;

Fig. 3¢ is a cross-section of flexible substrate prior to attaﬁhment of contacts;

Fig. 4 is an exploded view of an'embodixn'_e'nt of flexible substrate with an optional
contact conﬁgurationg | |

Fig. 5ais a cross-section of the preferred embodiment of ;he flexible circuit compression
connector system of the pfesent invention conneéted to a rigid circuit board;

Fig. Sbisan enlarged view of the flexible circuit compression 'coﬁnector system
conneéted to a rigid circuit board of Fig. 5a;

Fig. 59 is a plan view of a connector block of the compres_sion. assgmbly that forms part of

the flexible circuit compression connector system of Fig. 5b;
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- Fig. 5disa cross-section of the connector block of Fig. 5c;

Fxg 5e is a cross-section of the compression assembly of Fig. 5d; |

Fig. 6a is a plan view of one embodiment of a flexible substrate used in the compression
connector of Fig. 1;

Fig. 6b is an enlarged view of a portion of Fig. 3a within line 3b;

Fig. 7ais a plan view of a condut;ﬁve strip that has been formed to include a plurality of
contacts that are utilized in the compression connector of F ig. 1;

Fig. 7b is an enlarged view of a portion of the conductive strip of F1g 7a within rectangle
7b; .o
Fig. 7c is a cross section taken along lines _7c-7é in Fig. 7b;

Fig. 8 is a plan view of the conductive strip of Fig. 7a aligne‘d. with a transfer ﬁlm;_
Fig. 9a is a cross-section of one conﬁgufatipﬁ of an aligned conductive strip and transfer
film of Fig. 8 positioned between a transfer base and an excising tool;

Fig. 90 is a cross-section of an alternative configuration of a cbnductive strip and transfer
film of Fig. 8 positioned between a' transfer base and an excising tool;

Fig. 10 is a cross section of the chtacts of the conductive strip of Fig. 7a received in
receiving apertures of the transfer film of Fig. 9a after excisiﬁg ribs and positioned in alignment
with through-holes formed in the flexible substrate of Fig. 3a; |

| Fig. 11 is a cross section similar to Fig. 10 showihg the transfer film and flexible

substrate mated together with the posts of the contacts received within and soldered to the

through-holes of the flexible substrate; and
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Fig. 12isa é;oss section similar to Figs.10 and 11 and showing the separation of the

transfer film from the flexible substrate and contacts.

Referring to Figs. la-1b, a ;igid subguate 2,such asarigid prinfed circuit board formed
of FR-4 or ceramic, has a plurality of conductive pads 4 formed thereon in a manner _k:nown'in
the art. The rigid substrate 2 may include one or more conductive lines that extend between one
or more of the conductive pads 4 or between a conductive pad 4 and an electronic devicé
connected to the rigid substrate 2. The conductive lines and electronic device are not shown on
the rigid substrate 2 in Fig. 1 for simplicity of illuét?aﬁon..

A flexible circuit compression connector system 5 comprised of a flexible insulating
ﬁubstrate 6 having a plurality of contacts 8 secured thereon is positio_fxed adjacent the rigid |
substrate 2. The ﬂexibie substrate 6 is preferably formed of a polyimide film such as Kapton@ :
or Mylar. Kapton® is a registered trademark of E.I DuPont DeNemours & Company. The
contacts 8 are secured to the ﬂexible substrate 6 in a pattern matching the pattern of the
conductive pads 4 on th'e_ rigid substrate 2. Each con;tact 8 includes a head 10 that extends away
from a surface of the flexible substrate 6. Aligning the flexible substraté 6 an;i the rigid substrate |
2 'posiﬁons the heads 10 of the flexible substrate 6 in'regisuﬁtion with the conductive pads 4 of
rigid substrate 2. | |

In accordaﬁce with one embodiment 6f fhe present invention shown in Fig. 1a,a
compression assembly 12 is positioned on the side of the flexible substrate 6 oi:posite the heads

10 of the contacts 8 to form the flexible circuit compression connector system 5. The
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compression aésembly_ 12 includes a compression mat 14 received in an aperture 15 of an
aﬁgﬁment sleeve 16. As shown in Figs. 2a-2b, the compressioﬁ mat 14 includes a base 18,
preferably having a generally rectangular outline, and a plurality of resilient cylinders 20
extending from the base 18. The compression mat 14 and the flexible subétrate 6 are positioned
so that distal ends of the resilient cylinders 20 are aligned'in registration with the contacts 8 on a
surface of the flexible substrate 6 bpposite the heads 10. The compression assembly 12 further
iﬁcludes a washer 22 positioned on a side of the alignment sleeve 16 adjacent the base 18 of tﬁe
compression mat 14. Although the alignment sleeve and washer may be a single element,
preferably, fhe compression mat 14, the alignmeht*si—eeve 16 is formed from a polyphenylene
sulfide, UL 94 V-0, the washer 22 is formed from stainless steel and the compression mat 14 is
formed of a thermal silicon rubber. |

The compression assembly 12, flexible substrate 6 and the rigid subs&ate 2eachhavea |
plurality of alignment apertures 24, 26 and 28, respectively. In the aﬁmgemeht shown in Fig.
-la, the apertures extend tﬁrough the compression assembly, the flexible substrate and the rigid
substrate. Each alignment aperture 24, 26 and 28 is adapted to receive a shaft of an alignment
member 30, such as a bolt having an externally threaded end 31 adapted to mate with internal
 threads of a nut 32. Applying the nuts 32 to the threaded po_fﬁon of alignment members 30 urges
| together the compression assembly 12, thé flexible substrate 6 and the rigid substrate 2. This
- urging together forces into contact the conductive pads 4 and the heads 10 m registratibn _
therewith, and the aistal ends of the .résilient cylinders 20 in registration with cogtacts 8 on the

surface of the flexible substrate 6 opposite the heads 10. Continued tightening of nuts 32 to the
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threaded ends of alignment members 30 compresses the compression mat 14 beméon the flexible
substrate 6 and the washer 22. This compression causes the resilient cylinders 20 to deform
elastically against the contacts 8 on the side of ﬂeﬁole substrate 6 opposite heads 10. This
deformation causes each resilient cylinder 20 to apply a spring force to the head 10 and thus to
. the condl_:ctive pad 4 in registration therewith. This spring force between the head 10 and the |
conductive pad 4 in registration therewuh provides the basis for formation and maintenance of
good electr_ical contact, while compensating for any variations in planarity and tolerance
accumulation. In the embodiment shown in Fig. la, prefe_rabl};, double-sided tape 34 is utilized
to-adhere together adjacent surface of flexible Silb;I;ate 6 and tho sides of the alignment sleeve
16. Flexible substrate 6, however, may be attached to oompression' assembly 12 by any means
suitable to form flexible circuit compression connector system 5.

In the configuration shown in Figs. 12 and 1b, head 10 of each contact 8 has a base 40
and a plurality of projections 42 disposéd. around a periphery 43 of the base 40. The projections
- 42 extend to one side of the base 40 and give the. head 10 a crown-shapod appearance. Each.
contact 8 also has a post 44 that extends from a oentl_'al part of the base 40 opposite the
projections 42, A cavity 46 is formed in oach baso 40 opposite the post 44 and in alignment with
a lengthwise axis 47 of the post 44, |

Although projections 42 in the configuration shown in Figs. 12 and 1b provide head 10
with a crown shaped appearance, each contact 8 has a base 40 and a head 10 of preselected
conﬁguratlon The conﬁguranon of the head 10 is not limited to the crown shaped conﬁguratlon

deplcted in Figs. 1a and 1b. Heads 10 may be of any preselected conﬁguration, and as will be
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become apparent, may vary from position to position on any flexible circuit corﬁpression-
connector system, if so desired. Regardless of head configuration, as should bé clear t'b one
skilled in the art, contact 8 may'a'ssume‘. any form or combination of forms in which the contact
has at least a base 40 and a head IOIexteﬁding away from base 40. Préferably, head‘lo of each
contact 8 extends away from the base 40 when assembled to flexible §ubstrate on the side of the
“base 40 opposite flexible substrate 6.  Each con'tact.8 is secured to flexible substrate 6 in a -
positive manner to assure a ?eliable cun'ent flow.
In a second embod‘iment of the flexible circuit cqmpression connector system as shown in
Figs. 3a, 3b, and 3¢, flexible substrate 806 is a planar body of suBstantially uniform thickness, as
s_hown. It Will be understood that the thickness of substrate 806 may be varied as needed. A
conductive metallic material 850, such as solder, is 'preapplied to the flexible substrate 806 at
preselecfed positidns corresponding to feQuired conductive pads 4 on rigid substrate 2. h
Conductive metallic material 850 is preferably connected to at least one conductive line 852 or to
one or more conductive ground planes (not shown) formed on the flexible substrate surface that
extends between at least 2 of the preselected posiﬁon_s as shown in Fig. 3c. In this émbod_iment,
the one or more conductive ground planes afe.fonne.d on the same surface of the ﬂeijle
substrate as the conductive ﬁhe. Such conduc;ive ground pl@es reduce or eliminate cross-talk
between conductive lines and/or reduée or eliminate the effect on one or more of cqnductive lines
852 of electro-magnetic iﬁte;ference from external sources. Furthermore, because conductive |
lines 852 and condﬁctive ground planes' are formed on one side of the ﬂéxible substrate 80_6, the

possibility of metallic material extending through any apertures in the substrate to act as an
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electrical antenna and becoming a source of interference is eliminated. In this embodiment as
-shown in Fig. 3c prior to applicatidn of contacts 808, the circuitry on the flexible substrate is
more denso; and _the application of conductive metallic material 850 such as solder must be better
controlled than in the previous embodiment. It will be understood that while solder is the most
cost effective material for this application, other conductive materials such as copper or its alloys
~ may be applied by suitable techniques, such as plasma depositing, spraying, laser depositing,
plating or any other suitable method. Flexible circuit ‘compression connector system comprised
of compression assembly 12 which is otherwise identical to compression assembly 12 depicted in |
‘ F ig. 1a and 1b, is assembled to flexible substrate 806 to form ﬂexible circuit compression
connector system 805. |

In a variation of this embodiment of the invention as shown in Fig. 4, flexible substrate
906 includes cavities 948 or depressions at predetermined locations on its surface corresponding
to contact pad positions 4 found onrigid subétrate 2. Cavities 948 or depressions have a depth
less than the thickness of ﬂexible. substrate 906. Conductive lines 952 or co_nductifre ground
planes (not shown) extend between at least two of the cavities 948 on the ﬂexible substrate. In
this embodiment, each contact 908 has a post 944, a base 940 and a head 910 of preselect_ed |
configuration. Head 910 of each. contact 908 extends away from the base 940 on the side of the
bése opposite the flexible substrate 906. Post 944 of each confact 908 is dimensioned to be about
the same as the dimensions of the coﬁesponding_ cavity 948 in the flexible substrate 906. It will
be understood by those skilled in the art that the height of pos.t 944 will closely correspond to the

| depth of cavity 948, while the lateral dimensions of each post 944 may be slightly larger than,
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identical to or slightiy smal_lé; than the dﬁﬁensions of each cavity 948; The choice of the lateral

diménsions will depend on the chosen method of securing contact 908 to substrate 906. For

exaznﬁle, if an interference fit between the post 944 and the corresponding cavity 948 is desired,

the post lateral dimension is slightly larger than the cavity dimension, and solder 942 is

preaﬁplie& to the cavity. If liquid solder is to be flowed over fhe flexible substrate and into

" cavity 948, then the post dimension is slightly smaller than the caﬁty dimension so that the

| liquid solder can be introduced into the cavity, for example, by capiﬁéry action. It will be
understood that a compression assembly such as is shown in Figs. 1a, 1b, 3a, or 3b or as will be
described, is utilized in conjunction with flexible sﬁﬁsﬁ‘a’te 906 to form a flexible circuit
compression connector system (not shown) to urge ht;.ad 910 on the flexible substrate 906 into
contact with conductive pads 4 of sﬁbstrate 2.

Fig. Sa depicts a preferred eri_;bodiment of the flexible circuit compression connector

system of the present invention assembled to a rigid substrate 2 such as the circuit board as
_previously described. ngld substrate 2 includes conductive pads 4, conductive lines (not shown)
extending between on of more of conductive péds 4. A flexible circuit compression éonnector
system 512 is comprised ofa ﬂexiblé insqlating substrate 506, a connector block 550, and a
resilient compressiog ﬁat 14 having resilient compression cyiinders 20. Fig. Sban enlatged
view of a portion of Fxg 5a. Resilient mat 14 is assembled onto connector block 550. A plan
view of the preferred embodiment of conneétor block 550 is shown in Fig. 5S¢, and in czoss
section in Fig. 5d.. Connector block 5 50 is made of an insulating material. The connector block

itself may be made of a compressible nonconducting material, but in the embodiment shown,
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block 550 is made of a rigid material. While the connector bléck may be made from any low
shrinkage thermoset or thermdpiastic material that is readily moldable or workable into a shape
having the desired featﬁres, the blocks are currently inanufaﬁtured bf polyphenylene-sulfide.
Block 550 as shown is rectangular, but may be any acceptable shape. At least one aperture 552
extends through block 550. As shown in Fig. 5d, block 550 has a top surface 554, a bottom
surface 556 and two end surfaces 55 8 and includes a pair of apertures 552. Two side surfaces
555 similar to top surface 554 run parallel to the plane of Fig. 5d and extend perpeﬁdic_.ﬁlarly
inward into the plané of Fig. 5c. po surface 554 includes two extensions or lips 560 extending
upward from top surface 554 that are coaxial with"ai)ernnes' 552. Be._tween these lips 560 along
top surface is a recess 562. Block 550 as depiqted in Fig. 5c also includes optional chamfer 559
thereby eliminating a sharp comner that coﬁld serve as a stress riser for a flexible circuit. A
‘chamfer or a radius (not shown) can be utilized on each edge to eliminate potential stress risers,

" if desired. Apertures 552 include counterbores 564 positioned along bottom surface 556. lIt will
be understood that this counterbore may be positioned along top surface 554 or that a
counterbore may be positioned at both ends of each aperture, these structures all being
equivalent. Furthermore, a recess ideﬁtical to recess 562 optionally may be iﬁcluded on eaci'l of
side surfaces 555 and additionally on bottom surface 556. I;ips 560 and apertures 552 optibnally
may be included on aﬁy surface that has recesses to accommodate additional connection. The
lips and apertures assist in aligning the assemblies, while the geometry of the adjacent surfaces

limit applied forces as will become apparent.
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Referring now to Fig. Se, 'a resilient @nipréssion mat 14, such as is shown in Figs. 2a and
2bis asseihbled into recess 562 along toi: surface 554 of block 550. Mat 14 includes resilient
cylinders 20 extending away &qm mat base 18. Recess 562 is dimensioned and toleranced to not
only accept mat 14, but also to center mat 14 in the proper position along surface 554. Although
not shown in this embodiment, it will be understood by those skilled in the art that optional
recesses identical to recess 562 in each of side surfaces 555 parallel to the plane of Fig. 5¢ as
noted above and bottom surface 556 may also -accept a mat similar to mat 14. Mat 14 preferably
is prefabricated with an adhesive 525 applied to. mat base 18 on‘the side opposite resilient |
cylinders 20, so that a protective paber can be peeléc{ from the adhesive anc; the prefabricated mat
14 can be assembled into recess of 562 of block 550 as required. Alternatively, adhesive may be |
applied to block 550 as needed and mat 14 may be applied to the a&hesive. Threaded insert 570
is éssembled into counterbore 564. Although shovs)n in Fig. 5a, 5b and 5e as an insert added to
counterbore 564 in the preferrc;d embodiméx;t, the threaded insert may be molded into block. 550
when block 550 is fabricated so as to be an integral part of block 5_5 0. In the preferred
embodiment shown in Fig. 5a, 5b, 5c, 5d, and 56, recess 562 is present to accept mat 514 and
presents a convenient means for positioning mat 514 along surface 554 or along the side surfaces
555. Howew}er, these recesses are not necessary as long as mét 514 can be accurately located |
along surface 554 so that resiliént cylinders 20 are in a position against the portion of flexible
substrate 506 opposite contacts 568 to ufge contacts 508 against conductive pads 4 on rigid
substrate 2 as shown in Fig. 52 and 5b. Once cc;)mpression assembly 512 which includes threaded

"insert 570 or equivalent is assembled by affixing resilient compression mat 514 onto connector
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block 550, flexible circuit compression connector systein is assembled by attaching flexible

substrate 506 to compreséion assembly 512. Flexible substafe 506 may be permanently affixed

~to compressibn assembly 512 by application of adl;.sive, if desired. As shown in Fig. 5a and 5b, |
alighment apertures 526 in flexible substrate slides over lips 560 to properly align contacts 508
on flexible substrate 506 with compression cylinders 20 of flexible mat 14, compression

" cylinders 20 extending above surface '554 but below the top of lips 560, forming flexible circuit
compression connector system 555. Rigid substrate 2 includes aligmﬁent apertures 28, the outer
diameter of lips 560 being sm;.ller than the diameter of aligﬁment apertures 28. Flexible circuit
-compression connector system 555 is readily assembled to rigid substrate 2 by inserting lii)S 560
into alignment apertures 28. Threaded fasteners 580 having bearing suffac: 58ﬁ are assembled
through alignment apertures .28 of rigid substrate 2 and apertures 552 to threadably engage
threéded insert 570, so that the engagement urges bearing surface 582 into contact with rigid
substrate 2, which in turn urges resilient cylinders 20 in coinpress’ion assembiy 5_12 against
contacts 8 so that heads 10 of flexible circuit compression connector system 505 positively

* engage conductive pads 4 in the manner previously described. This geometry, in which the

resilient cylinders 20 extend abovg surface 554 But below the top of lips 560, is selected to. urge

the contacts of the flexible substrate against the conductive pads. However, when app'ropl_'iately

dimensioned, it provides the-additional advantage of éelf-limiting the resulting faces from the

~ cylinders agajnst the contacts on the flexible substrate, so that over tightening the circuit

compression cohnector systeﬁ against the rigid circuit board and thereby_ defdrming the cylinders

out of alignment with the contacts cannot occur.
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Flexible substrates 6, 506, 806 and 906 include sei'eral embodiments that can be
assembled to the compression assemblies of the Iﬁresént invention to produce.a variety of flexible
circuit compression connector systems suitable for varioﬁs applications. In addition, more than
one flexible substrate can be assembled to compression assembly 506 to provide a flexible circuit
compressioh connector system w1th multiple comecﬁvity capabilities.

With reference to Figs. 6a-6b and with ongoing reference to Figs. 1a-1b, flexible
substrate 6 has a plurality of through-holes 48 formed therein that are adapted to recgive the posts
44 of thé contacts 8. The wall of each through-hole 48 iﬁcluc_l&s metallization 50 formed therein
to form a éonductive tﬁ:ough-hole. The metallizafiéh 50 in each through-hole 48 is pfeferabiy
connected to a éonduct_ive line 52 or to one or more conductive ground planes 53 formed on the

‘flexible substrate 6. The one or more conductive ground planes 53 are formed on one or both
Surfaces of the flexible substrate 6 to reduce or eliminate cross-talk between conductive lines 52
and/or to reduce or eliminate the effect on one or more of the condﬁctive lines 52 of
electro-magnetic interference frbm eéxternal sources. The metallization 50 in eacﬁ through-hole
48, the bonductive lines 52 and the coﬁductive ground planes 53 are formed on the flexible
substréte 6 in 2 manner known in the art. To maintain post 44 of each contact 8 received in é
through-hole.48, the me.tallization_.SO of each through-hole 48 and the posts 44 of the contacts 8
received therein are fused together, préferably_ utilizing a soldef 54, |
| In different ehabodiments, as shown in Fig. 3b and 4, flexible substrate 806, 906 does nof
~ contain through holes 48 that extend throug‘h' the flexible substrate. Rather, contacts 808, 908 are |

positioned on only one side of su_bstrate,806, 906. Conductive ground planes and conductive
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lines 852, 952 -are positioned on the sarﬁc side of the sﬁbstraté. Contacts 808, 908 are aséembled
to fhe flexible substrate in a similar manner; however in one embodiment, no posts are utilized.
Referring nbw to Fig. 3a and 3D, a flexible circuit having a pattern similar to the circuit shownin
Fig. 6a ﬁnd 6b but without through holes, has contaqts assembled to coﬁducﬁve metallic material
850 such as solder that is deposited at plurality of preselected locations corresponding to
 positions of metallization 50 such as is shown in Fig. 6a. Ground planes and conductive lines -
extend between at least two of such preselected locations. Contacts 808 include a base 840 and a
“head 810, but no post. Contacts a:ré adhered to 'substtate 806 by bringing base 840 of contacts
into alignment with conducfive metallic niaterial 850 and applying heat to adhere base 840 to
metallic material. This can also be accomplished by reflow soldering, or alternatively by wave
soldering, a Well-lcpown technique in which a wave of liquid solder is flowed over the substrate .
| or if 850 is preappliéd solder, by simply .heating' to liquify the solder:

In a variation of this embodiment as shown in Fig. 4, flexible substrate 906 includes
recesses, depressions or cavities 948 which do not extend complétely through substrate 906 ..
Cavities 948 are located at a plurality of preselected locations corresponding to positions 50 such
as is shown in Fig. 6a. Contacts 908 in_clﬁde a head 910, a base 940 and a post 944. The post is |

_ designeci for assembly into cavity 948 a.nd contacts are asseinbled t.o flexible substrate 906 by .
introducing a conductive metal such as solder 94 into cavity 948, thereby bonding contacts to
flexible substrate 906 as previously described.

In still another vériation Which is; a hybrid of the above-described embodiments, flexible

substrate (not shown) includes a combination of through holes that extend through flexible
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subs;trat,e, such as through holes 48; and preselected positions for contacts and that are positioned
on only one side of flexible substrate, the preselected positions for contacts and through holes
forming an é.rray in which the preselected positions fof contacts and through holes occupy
alternating positions on the array. With this configuration, conductive lines can be positioned on
one side of tﬁe flexible substrate and can run between the contacts and conductive ground plans
can be positioned on the opposite side of the substrate and can run betﬁreen the through holes.
Conductive lines extend between at least two of the contacts on one side of the opposite side of
the flexible substrate. As will become apparent, thé present invention allows for assembly of an
array of contacts into positions on the array of thréugh holes and ﬁreselected positions for
contacts such that contacts at alternating posit_ioﬁs will include a baée, a head and a post that are
secured to metallized through holes while adj aéeﬁt contacts will include a base, a head and
'optionally a post that are secured to the preselécfed positions adjacent the through holes. In this
configuration, although the density of the array of contacts remains the same, the circuitry is less
dense since the conductive ground planes are positioned on one side of the flexible substrate,
being connected by the ﬁontacts secured to thé flexible through holes, while the conductive lines
and its associated circﬁitry are located on the opposite side of th¢ flexible substrate.
Furthermore, there should be no problems with apertﬁres in fhe substrate acting as electrical
antenna and becoming sources of interference, as previously described, when the apertures only
receive contacts connected to grouqd planes. |

The érray of contacts that can be assembléd to flexible substrate 6, 506, 806 and 906

include several different embodiments and combinations of these embodiménts. Although the
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configuration of contacts may vary depending upﬁn the pa.rticuiar characteristics of the bircuit in
which the flexible circuit éompr_ession connector system is to be used, the method of forming the
contacts and assembling the contaéts to flexible substrate is essentially the same. With reference
to Figs. 7a-7c, an array of contacts 8 having a preselgqted configuration is formed in a preferred
emBodiment by exposing a thin, flat strip 60 of conductive material to a stamping operation. The
- stamping operation also forms from the strip 60 a plurality of ribs 62 that extend between and
secure together adjacent contacts. While the strip may be comprised of any conductive,
deformable material, phosphor bronze, cartridge bron%e and brass are preferred since they are
inexpensive as well as conductive and def_ormab'le.y ]

In one embodiment, each contact 808 Iis compﬁsed of a base 840 that is substantially |
disk-shaped, and head 810 that is a smooth dome, the head proj ecting upward and inward from
the disk edges as shown in Fig. 3a and 3b. In another embodiment (not shown), each base is
substantially rectangular and the heéd of each contact is formed of at least one'micropyramidal
- knurl projecting upward from the base. The head may also have a shape of a disk, corresponding
to fhe shape of conductive pad 4 locate_d on circuit board 2. Such a head would be preferred if
the'inaterial on the maﬁng circuit board isi thin and no problems with ﬁontamination are
anticipated. If an aggressive contact is required because of aﬁticipated problems with
contamination such as oil , oxide forrﬁation or simply metal migration due to diffusion, an
aggressive head configuration such as an inverted pyramid or diamond shap_e could be designed.-
| In a preferred embodiment, the periphery 43 of the base 40 éf each head 10 has a generally

rectangular outline. Each comer 66 of the generally rectangular outline of the base 40 is rounded
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and includes one of the projections 42. Eéch projection 42 has a rounded edge 68 formed
continuous with the periphery 43 of the base 40 as previously described.

As discussed above, depending upon tﬁe geometry of ﬂexible_subsuate 6, 506, 806, 906,
each contact in the array of contacts wiﬂ include a head and a base, but may or may ﬁot include a
pést.._ Furthermore, if a post is included, the length of the post will depend upon whether flexible
- substrate includes through holes or recesses that do not extend through tile substrate, or
combinations thereof. The shape of the head may be any configuration that is achievable by
metél working if a Mpillg operation is employed, the shape of the head is determined by the
stamping die. The stamping die may include a variety of head shapes, so that the head shape

‘may vary from position to position in the array. While contacts may be formgd by etching the

| metal strip, the geometry is limited to simple profiles and lacks the flexibility that can be
achieved by stamping. | o

With reference to Fig. 8, a novel method for iﬁstalling formed contacts 8 in a flexible
substrate 6 is set forth. The array of formed contacts 8 having any of the desiréd configurations
as set forth above are first transferred to a flexible transfer film 70, such as, Kapton® or Mylar.
.For illustration purposes only, the c;nfact éonﬁgumtion is as set forth in Fig. 7c, it being
understood by those skilled in the art that the contacts in the érray ina.y assume any desired |
shape, while the contacts in the array are connected to one another by thin ribs, .als'o formed
during the st;mping operation. Moré spéciﬁcally, strip 60 having an array of contacts 8 formed _
therein is aligned with the transfer film 70 so that each contact 8 'is aligned in registration with

one of a plurality of receivihg apertures 72 in the transfer film 70. This is readily accomplished
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by aligning apertures 67 of strip with apertures 77 of transfer film. The apertures of thé transfer
strip are deformable and are slightly smaller than at least a portion of the contact m order to
capture the contact. Although this process can be accomplished by any method, it is apparent
that such alignment can be readily automated. |
As shown_in Fig. 9a for contacfs containing a post, transfer film 70 containing contacts is
' pqsitioned between strip 60 and a transfer base 76 so that the posts 44 of the contacts 8 are
| positioned in _opposition with the transfer base 76 through the receiving apertures 72 of the
transfer ﬁlm 70. An excising tool 78 having a plurality of blade§ 80 and a plurality of push pins
82is pqsitioned on a side of the conductive strip 60 'Bpp'osite the transfer film 70. In use, the
excising tool 78 is moved towards the base 76 so that the blades 80 excise contacts 8 ﬁ'om ribs
62. The excised contacts 8 are then inserted into the receiving apertures 72 by push pins 82 so
-that the lengthwise axes 47 of the 'posts 44 are substantially coaxial with lengthﬁise axes 83 of
the receiving apertmes.?i. |
Before inserting the contacts 8, each receiving aperture 72 has a diameter 84 ﬂ1at is less
than a diagonal distance 86 (shown in Fig. 7c) betﬁve’g_n opposite corners 66 of the base 40. As
shown in Fig. 10, the rééeiﬁng aﬁermreS 72 elastically deform to receive and secure the heads
10 of the contacts 8 therein. Preferably, each head 10 has a héight 88 (shown in Fig. 7¢) that is
greater thém a thickness 90 of the transfer film 70. Hence, when the heads iO are inserted in the
receiving a.pertufes 72, the posts 44 of the contacts 8 are preferably positioned outside the

receiving apertures 72. When the heads 10 are received in the receiving apertures 72, the transfer
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film 70 and the flexible substrate 6 are positioned so that the po.sts 44 are in registration with and
receivable in the through-holes 48. |

As shown in Fig. 11, the flexible substrate 6 and the transfer film 70 are brought together
so that the posté 44 are received within the metallization 50 of the through-holes 48. The
conté.cts 8 are secured to the ﬂexible s'ubstfat_e 6 by fusing the posts 44 and the metallization 50
of the through-holes 48 together with the solder 54.

As shown in Fig. 12, the flexibility of the transfer film 70 and the elastic deformability of
the feceiving apertures 72 enables the tra'nsfér film 70 to be separated, e.g., pecled away, from
the contacts 8 secured to the flexible substrate 6. When the transfer ﬁlﬁ 70 is separated, the
flexible substrate 6 and contacts § can be utilized in the mannér described above in connection
with Figs. 1a-1b. | . |

In the embodiment shown in Fig. 9b in which contact 808 includes a head 810 and a base
840, but no post, transfer film 870 is positioned between strip 860 and transfer base 876 so that
head 810 of contacts 808 afe positioned in opposition with receiving cavities 899 of transfer bgse
876 through receiving apertures 872 of transfer film 870 and heads are inserted through apertures
872. An excising tool 878 having a plurality of blades 880 is positioned on the side of
;:onductive strip 860 opposite transfer film 870. Excising tobl 878 includes a non-cutting urging
projection 881 that urges strip 860 into contact with transfer film 870 and film 870 against
transfer base.876. At least heads 810 of contaéts 808 have a diameter greater'tl.lan the diameter
884 of receiving apertutes 372 of trgnsfer film 870.. Receiving apertures 872 of film 870

elastically deform to' receive heads 810 as heads 810 are urged into receiving cavities 899 of |
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transfer base 876 by urging projcctibn 881. As excising tool 878 continues its motion toward
transfer base 876, blades 880 of tool 878 excise contacts 808 from strip 870 by severing contacts
808 from ﬁbs’ 862. Transfer ﬁlm 870, now containing contacts 808 is removed from transfer
base 876 and strip, is separated and rqm_oved from film 870. The ribs may be cil_t either before or
after heads are urged into apertures 872. The design of thg excising tool can permit severing the
ribs without completely penetrating the film, aﬁér insertion of heads into apeftures 872, or
alternatively can sever the ribs priof to deformation of the film by heads, the final insertion being’
accomplished ny push pins. With heads 810 in receiving apertures 872, transfer film 870 and
flexible substfate 806 are positioned so that base 840 of contacts 808 pi'ojecﬁng from film 876 on
the side opposite heads 810 are in registration with the preapplied conductive material 850,
solder paste, on flexible substréfe 806, heads 810 of contacts 808 proj?c_ting outward or away
from the interface of transfer film 870 and flexible substrate 806. Contacts 808 are secured to
ﬂexible substrate 806 in any conventional manner _sﬁch as by reflow soldering. In this
embodiment, when flexible substrate 805 utilizes preapplied soldér paste at preselected pdsitions,
contacts 808 are secured to flexible substrate 806 by heatin’g to liquify the solder. After the
solder has cooled, transfer film 870 is reac_iily removed, the film elastically deforrging so as to be
pulléd away from the contact now secured to substrate.by a ﬁetdﬁc bond haviﬁg a yield strength
. much lngher than that of film 870. Asshown in Fig. 6a by way of example, a first plurality 96 of
through-holes 48 and a second plurality 98 of through-hbles 48 are preferably disposed on |
opposite sides of thé flexible substrate 6. Wheﬁ the contacts 8 are ﬁ.tsed into the first and seéond

plurality 96, 98 of through-holes 48, the side of the flexible substrate 6 adjacent the first plurality
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96 of through-holes 48 can be utilized to connect to one rigid substrate (not shown) and the éide
of the flexible substrate 6 adjacent the second plurality 98 éf through-holes 48 can be utilized to
connect to another rigid substrate (not shown) thereby effedting electrical connection between thé
rigid substrates.

In another embodiment, each post 44 has a diameter between 7 and 8 mils and a length of
2 mils. The head 30 of each contact 8 has a height of 10 mils and the cavity 46 has a depth of 3
mils. The height of each projection 42 is 4 mils and a distance 94 (shown in Fig. 12) between
rounded edges 68 of projections 42 6n diagonally opposite cormier 66 is 21.5 mils. The strip 60
and contacts 8 are formed from a strip of 1/4 hatd f)r;ss The contacts 8 are plated with 5
micro-inches of soft gold over 30 micro-inches of pallaﬁium nickel over 50 micro- inches of
sultanate nickel. The conductors 52 and the groun;l planes 53 of the flexible substrate 6 are
formed from Y% ounce copper which is deposited as a sheet on the flexible substrate 6 and then
patterned and etched utilizing photolithographic and etching techniques known in the art. Baéed
on the foregoing‘, it can be seen that the contacts 8 are sufﬁcigntly small so that manual
manipulation 6f contacts 8 into the through-holes 48 of the flexible substrate 6 is not practical.
To this end, and in accordance with the pfesent invention, forming the array of contacts 8 from
the strip 66 enables the contacts. 8 to be manipulated as an aﬁay. Similarly, the transfer film 70
enablés the contacts 8 to be transferred as an array froni the strip 60 to the flexible substrate 6.
The transfer film 70 also helps maintain contacts 8 in communication with coxiductive metél on
the flexible substrafe during fusing of the_ contacts to the metallization 50 of substrate 6, the

metallization being preapplied solder on one side of the substrate, or metallization in cavities on
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the substrate or metallized through holes so that a strong metallic bond can be formed. Hence,
the contacts 8 are manipulated as an array from the time they are formed from the strip 60 in the
stamping operation until they are fused onto the éonductive metallization on the flexible
substrate 6. This manipulation of the contacts 8 as an array enables the flexible circuit
compiession connector system of the present invention to be manufactured efficiently and cost
effectively. Moreover, the coinpressioﬁ connector of the present iﬁvention avoids the prior art
‘teaching of plating contacts on the ﬂekible substrate, and permitslthe use of a variety of flexible
' substrafes. |

Because the metallization 50 at preselecte& locations on the flexible substrate and the
conductive lines 52 are pre-f.ormedl on the flexible substrate 6, it is p'referable. to avoid soldering
the contacts 8 to the metallization prior to excising the contacts from the ribs 62 due to concerns
| over cuttiﬁ’g with the blades 80 of the excising tool 78 the conductive lines 52 or the
metallization 50 in the through—hol_es 48. Hence, the contacts 8 are first transferred to the flexible
transfer film 70 which is utilized to transfer the contacts 8 to the flexible substrate 6 and which
may thereafter be disposed as justified by the condition thereof.

While not described in the above _embodiﬁénts, the contacts can alternatively be formed
by depositing conductive metal directly onto thé transfer ﬁhﬁ, the transfer film including cavities
of preselected qonﬂguration corresponding to the required head, base and optional post |
geometry. In this embodiment, no ribs are formed and the operation for excising ribs is

eliminated.
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The various configurations of contacts of the present invention are believed to provide

over prior art systems improved contact with contact pads 4 on the rigid substrate 2. Generally,

the compression assembly system when used with the flexible subsn-ate forms a flexible circuit
cémpression connecto; system that-provid;es_improved contact between the contact matnx on the
flexible substrate and the contact pads on the rigid substrate due to the constant spring force |
applied by the compression mat to the contact matrix on the_ flexible substrate. Furthermore, the
circuit compression connector systerﬁ of the present invention permits repeated assembly and
disassembly of the flexible substrate to the rigid substrate with no deterioration in electrical
performance at the interface, as the system relies 'c;h‘ihe constant spring force of the resilient mat

to provide the contact force, and not on deformation of header or receptacle elements. A variety

- of head configurations for the flexible circuit compression connector system can be made

available for various applications c.onfronted by the designer or engineer. Specifically, in one
configuration, the_ rounded edge 68 of each projecﬁon 42 contacting one of the contact pads 4
cuts t_hrough oils or films that may be present on the conductiye pad 4 and/or the contact 8 prior
to mating, thereby enabling con_ducﬁve paths to be formed between each projection 42 in contact
with the .conductive pad 4. However, less aggressive head designs such as disks or hemisphen'cal
configurations can be utilized when there is concern about tﬁe integrity of the resulting
coﬁnection because of thin metal. Howe\;er, more aggressive configurations can be utilized if
there are concerns with contamination or diffusion problems. In the preferred configuration, the
flexible circuit comiaression conﬁector system compﬁses a connector Block assemblsl and at least

one flexible substrate. This connector block assembly can be provided as original equipment
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with a plurality of flexible cables for multiple connectivity, or can be readily modified at any
time, such as in the field to accommodate additional flexible cables to provide for added
connectivity as the need arises.

Ascanbe seen from the foregoing, the present invention provides a flexible circuit
compression connector system that promotes electrical contact with a conductive pad of a printed
circuit board. The flexible circuit compression connector system of the present invention can
incorporate a number of contact configurations suitable fér varying conditions that may be
experienced. The invention also permits the incorporation of multiple flexible cables at any time
without the need to replace existing connector system. The present invention alsc') provides a
method for making a flexible circuit compression connector system for use as a circuit connector

that utilizes the provided compression assembly to provide improved contact with 2 mating
circuit connection and is less costly to manufacture than the prior art flexible circuit connectors.

The invention haé_ been described with reference to the preferred embodiment. Obvious
modifications and alterations will occur to others upoﬁ reading and understanding the preceding |
specification. It is intended that the invention be construed as including all such modifications

and alterations insofar as they come within the scopé of the appendéd claims or the equivalents

thereof.
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- CLAIMS
at is claimed is:
1. A flexible circuit cbmpressidn ﬁonnector system utilized to electrically connect together -
| conductive pads dispose'd on at least one substrate, the connector system comprising:

a flexible insulating substrate having conductive material at 2 plurality of
preselected positions, at least one conductive line thereon extending beﬁem at least two
of the preselected positiogs"; |

a plurality_ of contacts, each contact haﬁng at least a base connected to a head of
preselected configuration, the head extending away from the base, at least the base of
each contact secured to the ﬂexible substrate at each of the preselected positions having
conductive material so that the head of each contact extends away from the flexible

- substrate; |

a compression assembly includ_ing

a compression mat having a plurality of resilient columns extending away from a
base, each resilient column'having a distal end aligﬁable in fegistration with the ﬂéxible
substrate at each of the pres_electéd positions on a side of £he flexible substrate opposite
the head; |

'means for aligning the compression mat with the flexible insulatixig substrate so
that the resilient columns having a distal end are in registration with the flexible substrate

at each of the preselected positions; and

.- I
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means for aligning the flexible substréte and the cbmpression assembly with at
least one substrate having conductive pads. |

| 2. The flexible cirquit compression connector system of claim 1 wherein tﬁe plurality of
contacts is comprised of a metallic array of contacts at preselected positions
corresponding to the conductive pads of at least one substrate in ﬁvhich the preselected
conﬁguratjon is formed by stamping a thin strip of conductive metal.

3. The flexible circuit compression cpnnector system of claim 2 wherein the preselécted
configuration of at least one head is in the shape of a dome projecting away from the
base. )

4. The flexible circuit.compreésion connector system of claim 2 wherein the head has a flat
profile on a side of the head opposite the base. |

S. The flexible circuit compression connectof system of claim 4 wherein the preselected
configuration of at least one head is in the shape of a disk. |

6. = The flexible circuit compression c_onnectof system of claim 4 wherein the preselected
configuration of at least one head is in the shape of an inverted mmcatéd pyramid.

7. The flexible circuit compression connector system of claim 4 wherein the preselected
configuration of at least one head is in the shape of an inverted tmﬁcated cone.

8. The flexible circuit compre;si@ connector system of claim 2 wherein the preselected

configuration of at least one head includes at least one knurl-shaped inverted micro-

pyramidal shaped projection, the tip of the pyramid projecting away from the base.

A
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9. The flexible circuit Ct)_mpression connector system of claim 2 wherein the preselected
configuration of at least one head includes at least one diamond shaped projectio'n_, the tip
of the diamoﬁd projecting away from the base.

10.  The ﬂexib_le circuit compression connector system of claim 1 wherein the plurality of
contacts is comprised of a metallic array of contacts at preselected positions in which the
preselected configuration is formed by etching a thin strip of conductive metal.

11.  The flexible circuit compression connector system of claim 2 wherein the aﬁay of
contacts formed by stamping further includes a means for aligning the array with a

| mating part. T
- 12.  The flexible circuit compression connector systém of claim 11 wherein the means for
aligning includes at least two apertures corresponding to apertures in the mating part.

13.  The flexible circuit compression connector systém of claim 11 W_herein the means fof
aligning includes at least two prqj ections corresponding to apertures in the mating part.

14.  The flexible circuit compression connector system of claim 2 wherein. the array of
contacts formed by stamping further includes excisable thin ribs connecting adjacent
contacts in the array.

15.  The flexible circuit cﬁmpressibn connector system of claim 1 wherein the contacts are
Secured to the flexible substrate at each of the preselected positions with metallic material
preapplied to the substrate. |

16. The ﬂexible-circuit compression cdnnector system of claim 15 wh_efein the preapplied

metallic material is solder. .

R A
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The flexible circuit compression connector system of claim 1 wherein the contacts are
secured to the substrate by soldering,

The flexible circuit compression connecfor system of claim 1 wherein the contacts are
secured to the substrate by reflow soldering.

Thé flexible circuit compression connector system of claim 1 Wherein the compression
assembly further includes as a means for aligning the compression mat, a compression
block having a top surface, a bottom surface and side surfaces, at least the top surface
including a recess to receive and position the compression mat on the top surface so that |
the resilierit columns extend above the top surface.

The flexible circuit compression connector system of claim 19 wherein at least one
additional surface of the compression block includes a recess to receive and position an
additional compression mat so that resilient'columns of the compression mat extend
above the additional surface.

The flexible connector system of claim 19 wherein the compression mat is attached to the

_compressor block assembly with an adhesive material.

The flexible connector system of claim 21 wherein the adhesive material is preapplied. to
the base of the conipression mat.

The flexible connector system of claim 20 whereixi the compression block of the
compression assembly further includes at least one projection on each surface including
the recess , the projection co;responding to at 1éast one aperture on the flexible insulating

substrate so that the at least one aperture receives the at least one projection and aligns the

* c L M S * l



37

plurality of resilient columns of the compression mat with the plufality of contacts
secured to thc; flexible substrate.

24.  The flexible circuit compression connectof system of claim 20 wherein the means for
aligning the flexible substrate and thé compression assembly with at least one conductive
pad-conﬁairﬁng substrate includes the at léast one projection on the surface including the
recess, the at least one projection corresponding to at least one aperture on the conductive
pad-containing substrate so that the at least one aperture receives the at least one
projection and aligns the plurality of contacts secured to the flexible substrate to the
conductive pads on the substrate. | "

25.  The flexible circuit compression connector system of claim I further including méans for
urging the ﬂexible ckcﬁt compression connector system against the conductive pad-
containing substrate.

26.  The flexible circuit compression connector system of claim 20 further including means |
for urging the flexible ci;cuit compression connector system against the conductive pad-
containing substrate. |

27.  The flexible circuit compression connector system of claim 25 wherein the means for
urging the flexible circuit compression connector sysfem aga.inst the conductive pad-
containing substrate includes a compression block with at least one aperture having a
counterbore, the counterbpre including a j:hreaded insert, the aperture of the compreésion
block correéponding to at least one aperture of the conductive pad-containing substrate,

and a member having a bearing surface and a threaded end, the member extending
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through each of the apertures, the threaded end of the member captured by the 1_:hreaded |
insert so that the bearing surface of the threaded member urges together the flexible
circuit compression connector system and the conductive pad-containing substrate, the
flexible circuit compression connector system hav;'ng contécts iﬁ registration with the
conductive pads of the s_ubétrate.'
The flexible circuit cofnpression connector system of claim 1 wherein the compression
assembly and the means of aligning the flexible suBstrate with the conducti\_re pad- |
containing substrate further includes a plurality of corr®sponding alignment apertures in
each of the flexible substrate, the conductive ;ad-containing substrate and the
compression assembly, éplurality of alignment pins, each alignment pin receivable
through one of the plurality of alignment apertures in each of tl?e flexible substrate, the
conductive pad-containing substrate and tﬁe compression assembly, wi'xerein the |
alignment apertures and the alignment pins ;o-act to align the flexible substrate, the
conductiye pad-containing substrate and the compression assembly so that the heads of
the plurality of contacts secured t§ the flexible assembly are aligned in registration with |
the plurality of contact pads of the substrate and the resilient columns of the compression
mat are aligned with the flexible insulating substrate oﬁ the side of the substrate opposite
the contacts. |
The compression connector as set forth in claim 28, wherein:

the alignment pins are bolts, each bolt having a threaded end with external

threads adapted to mate with internal threads of a threaded nut; and
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applying the nuts to the bolts urges the resilient columns of
the compression assembly against the flexible substrate at
preselected positions opposite the heads of the contacts, which in
turn urges the heads against the conductive pads of the substrate to
provide an electrica;l connection. |

30.  The flexible circuit compressiop connector system of claim 1 in which the plurality of
contacts further includes pbsts extending.away from the bases.'on a side of the bases
opposite the heads, and the flexible substrate further includes cavities at a plurality of |
preselected bositioﬁs, the cavities adapted to receive the posts of the contacts and
conductive material. | |

31.  The flexible circuit compression connector system of claim 30 in which the cavities are
through-holes extending through the flexible substrate.

32.  The flexible circuit compression connector system of claim 1 wherein the flexible
insulating substfate includes preselected positions having metallized through holes
extending through the substraté altemé.ting with positions having conductive material on
one side of the su_bstrate, first conductive lines extending between at least two of the
positions having conductive material on one side of tﬁe substrate and second conductive
lines extending between at least two of the metallized through holes on a side of the
substrate opposite the positions havi;lg conductive material; and |

a plurality of contacts secured to the flexible substrate at each of the

preselected positions, the contacts secured to preselected positions having
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metallized through holes further including posts extending away from the bases
on a side of the bases opposite the heads, the posts adapted to be received by the
metallized mrough holes, and contacts secured to alterriating positiqns having
conductive material on one side of the substrate having at least bases connected to
the heads, the heads of the plurality of contacts extending away from the flexible
substrate on the side that includes the first conductive lines.

33.  The flexible circuit comprqssion connector system of claim 2 wherein the preselected
configuration of each head is crown-shaped, having a base and a plurality of projections
disposed around the periphery of the base and éxtending to one side théreof, and m which
the contact further includes a post extending from the side of the base opposite the
projections. |

34.  The flexible circuit compression connector System of claim 33, further including on the
side of the base opposite the pést a cavity in registration with a lengthwise axis of the
post.

35.  The flexible circuit compression connector system of claim 33 wherein each base has a
periphgry having a generally rectangular .outliﬁe.having corners; and |

each comer of the geﬁerally_rectangular outliﬁe of the base is rounded.

36.  The flexible circuit compression connector system as set forth in claim 35 , Wherein each

corner of the outline of the base includes one of the plurality of projections, and each

projection has a rounded edge formed continuous with the periphery of each base.
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The flexible circuit compression connector system of claim 1 wherein the plurality of
contacts lincludes contacts having heads of different preselected configurations at
preselected positions. |
A method for forming a ﬂexible circuit compression connector system including a
plurality of contacts at preselected positions, the contacts including at feast abaseand a
head of preselected conﬁguratioﬁ, comprising the steps of:
providing a flexible insulating substrate;
applying conductive material to the substrate at a plurality of
preselected positions; o
extending a.tileast one conductivé line between at least two
of the preselected positions;
providing a transfer film of deformable material conta.i_ning
an array of apertures, each aperture including a contact having at
least a base and a head of preselected configuration, the apertures
being smaller than tﬁe contacts, the array positioned so that at least
the portion of each contact opposite the head is alignable with the
preselected positions of conductive material on the flexible
insulating substrate;
placing the transfer film against the flexible substrate so

that iaortions’of the contacts opposite the heads abut the preselected
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positions of conductive material on the flexible substrate, while the
heads projéct away from the flexible substrate ;
fusing the conductive material to the portion of the
contacts opposite the heads; and
| following the fusing, separating the transfer film from the
flexible substrate and the contacts, so that the heads of the contacts
project away from the substrate.
39.  The method of claim 38 wherein the step of providing a transfer film of deformable
material having apertures and contacts further includes the additional steps of:
providing a strip of metallic material of sufﬁcient thickness for metal
forming;
forming the strip of metallic material into an array of |
' contabts_ and thin connecting ribs, each contact having at least a
base and a head of preselected configuration connected to the base,
each contgct attached to the adjacent contact by the thm ribs, the
contacts in the array positioned so that at least the base of each
confact is alignable w1th the preselected posiﬁdns of conductive
material on the flexible insulatjng substrate;
' providir;g a transfer film of deformable material containing

an arréy of apertures, the apertures being smaller than the contacts,
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the array of apertures positioned so that each aperture is alignable
with each contact on the formed metallic strip;

aligning the contacts of the strip with the apertures of the
transfer film; .

urging the transfer film and the strip together so that the
contacts are forced into the apertures, thereby deforming the
apertures so that thé film captures the contacts while severing the
thin ribs between the contacts; and B

removing the ribs from the film containing the contacts.

The method of claim 39 in which the strip is formed into an array of contacts of

. preselected configuration and thin ribs by stamping.

The method of claim 40 wherein the preselected configuration of the head of at least one
contact formed by stamping is in the shai)e of 2 dome projecting away from the base.
The method of claim 40 wherein the preselected configuration of the head of at least one
contact formed by stamping is a flat profile on a side of the head opposite the base.

The method of claim 40 wherein the preseiected configuration of the head of at least one
contact formed by stamping is in the shape of a disk. |

The method of claim 40 wherein the preselected configuration of the head of at least one
contact formed by stamping is in the shape of an inverted truncated pyramid.

The method of claim 40 wherein the preselected configuration of the head of at least one

contact formed by stamping is in the shape of an inverted truncated cone.
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The method of claim 40 wherein the preselected configuration of the head of at least one
contact formed by stamping includes at least one knurl-shaped inverted micro-pyramidal
shaped projection, the tip of the pyramid projecting away from the base.
Tﬁe method of claim 40 wherein the preselected configuration of the head of at least one
contact formed by stamping includes at least one diamond shaped proj éction, the tip of
the diamond projecting away from the base.
The method of claim 38 in which the contacts are fused to the conductive material by
application of heat.
The method of claim 38 in which the contacts are fused to conductive material by
soldering. | | |
A transfer film of deformable material containing an array of apertures, each aperture
including a contact coinprised of conductive metallic material i1aving at least a base and a
head of preselected configuration, the apertures being smaller than a portion of the
contacts so that the contacts are captured by the apertures and the conductive metallic
material having a higher modulus of elasticity than the transfer film, so that the transfer
film can be separated from the metallic material without deforming the metallic material.
The transfer film of claim 50 whefein the contacts are comprised of:
a thin sheet of metallic material stamped into an array in which adjacent
contacts are connected by thin ribs, the contacts being forced into thé apertures to

deform the apertures so that the film captures the contacts. '
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