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TERM NAL PINS | N SUBSTRATES Field of the Invention

This invention generally relates to electronic - devi ces and
particularly, to an electronic device wherein 5 a term nal p‘?$|5|§P

electrically coupled in a hole of a flat
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MOUNTING TERMINAL PINS IN SUBSTRATES

Field of the Invention

This invention generally relates to electronic

devices and, particulérly, to an electronic device wherein

5 a terminal pin is electrically coupled in a hole of a flat
flexible substrate.

Background of the Invention

Electrical connections between terminal pins and
10 flat conductors on a flat flexible dielectric substrate are
known in the art. Typically, a terminal pin either is
utilized to punch through the flat conductor and the
flexible substrate to establish an electrical and
mechanical connection between the pin and the conductor, or
15 slits are formed in the flat conductor and substrate to
facilitate penetration of the pin. The slits form "flaps"

which engage sides of the pin. ' '
In order to assure good electrical and mechanlcal
connections in these types of electronic devices, solder or
20 other adhesives often are used. For instance, in U.S.
Patent No. 4,970,624, dated November 13, 1990 and assigned
to the assignee' of the present invention, wuni-axial
adhesive is deposited on the flat conductor about the
aperture which is penetrated by the terminal pin. The
25 adhesive includes a non-conductive base incorporating
randomly spaced conductive particles. When the terminal
pin is forced through the adhesive, a portion of the
adhesive is carried with the terminal pin between the pin
and the flat conductor. The carried portion of the
30 = adhesive is compressed for establishing contact between the
~conductive particles and, thereby, conductivity between the
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flexi ble substrate. Background of the Inventi onms SHEET gAS BEEN

El éctrical connections between term nal pins and 10 MmM Enrc anf a
flat flexible dielectric substrate are known in the art. Typically,
atermnal pin either is utilized to punch through thegflggscgpduct or

and the flexible substrate establish an electrica and
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about the
materials require secondary operations to establish
conductivity between the terminal pin and the flat
conductor on the flat flexible substrate. In addition to
10 the time and expense of the secondary operations, the

materials, themselves, are relatively expensive. The
present invention is designed for solving these problems
and eliminating the need for solder or other conductive
materials by establishing an electrical connection directly

is between the terminal pin and the flat conductor on the flat
flexible substrate, by having similar metal interface
between the pin and the flat conductor and by controlling
various parameters of the pin and the substrate.

20 Summary of the Invention

An object, therefore, of the invention is to
provide a new and improved system for mounting electronic
devices, such as tgrminal pins, in flat flexible circuitry.

In the exemplary embodiment of the invention, an

25 electronic device includes a flat flexible dielectric
substrate which is less than 1.27mm (0.050 inch) thick.

The substrate has a generally round hole of a given

' diameter. A ductile conductive film is deposited on the
substrate in an area at least about the hole. A generally

30 round terminal pin is inserted into the hole in the
substrate in contact with the conductive film. The pin has

a given diameter greater than that of the hole. The
difference between the diameter of the pin and the diameter

of the hole is on the order of 5% to 50% of the diameter of

35 the hole. These parameters establish a good connection
' ' between the pin and the conductive film on the flexible substrate.
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aperture which is penetrated by the term:-nal » adhesi ve

I n¢l udes a non-conductive - base | ncorporatl ﬂgs SHEE spaced
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adhesive, a portion of the adhesi ve i stearrtsd wi th thegalgési gpl pin
bet ween the pin and the flat conductor. The carried portion of the

30  adhesive is cormrgﬁéeﬁlfs%&o%%fda LS4 A £ng! 481éeiﬂve€ﬁet ubstrate

conductive particles an
t er nibrafenablyidis e prapueehaecpsr x

2

10

15

20

ereby, conducti vi tﬁé’ etween

deehBolse adhs, Spbstrate

preferably is fabricated of a material such as polyamide,
although such other materials as polyester and the like are
appropriate. The ductile conductive film may be of copper
material or conductive thick film material.

A preferred feature of the invention is that the
terminal pin and the ductile conductive film both be plated
with a common plating material. In one embodiment of the
invention, the plating material is a tin/lead alloy.

Another feature of the invention involves the
application of a lubricant to the terminal pin. Such a
lubricant will prevent or at least reduce what is called
"fretting" corrosion. In other words, when two metals rub
together, they tend to create oxides which the lubricant
will reduce. When using tin-lead interfaces, a polyphenol
ether lubricant can be used.

Other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanyirig
drawings.
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ot her*than that portlon |n a non-conductive state. e« ET;@Q$BEEN”8
often are called "Z-axis" adhesives. .

el ectrical connections generally 5 serve their intended —ttle
use of solder materials, conducti ve adhesives, Z-axis epoxy and ot her
simlar materials require secondary operations to est T EP
conductivity between the termnal pin and the flat conductor on the
flat flexibl e Bukef iDes ntioni ofokheoDrawingshe tine and expense of the

secondary Op% ations, th‘?he featiiﬁé@rd)ﬁ'éhisd tﬂwae%m];ﬁs,whmm drd asfmmed
expensi ve. e present invention is. desjgned fo t hese
pr obl ens to e F’M‘ﬁ%}t i A hﬁeiieeﬁq: s'fﬂ'gﬁ %?r{){“ﬁ'é aﬁgﬁﬁuc B the

mﬁt erials bly _ dahnh ey?lﬁﬁsel ewhgl iavventdoagt t?:geﬂractm;tmats dtejm
the terginal pin t he n nt

substrafe, afﬂﬂ/ %g‘em ﬁm’gﬁ:ﬁg%% Hﬁ%g%?)gCem lﬁtoe%’ff':\‘/gie:n ‘%+1 p| n and b¥1e
fl at conduct omeﬁerdaycedm rthe ifigl lowing desexiripion kaken igr aandunerien

the substrategitn the accompanying drawings, in which like reference
numerals identify like elements in the figures and in

which: :
10 FIGURE 1 is a section through the interconnection

between a terminal pin and a flat flexible circuit

according to the prior art; and
FIGURE 2 is a section through the interconnection

between a terminal pin and a flat flexible circuit

1s according to the invention.

_—

dThis Sheet Has B

Hllllll Wi



13 *

20, ‘Summary of the Invention An obj eci\r\-u$&\EEBﬂ‘@‘s %EENJY

I nvention is to provi de a new and i rrproved syst emjf or nREPLAGEY
el ectronic devi ces, such as termnal pins, in flatliexrble
- circuitry. ' In the exenpl ary errbodi ment of the4i088nEgpon, an
25 el ectronic device includes a flat flexible dielectric
substrat e whi cﬁbtsiieaSQéhaﬁiﬁﬂﬂ!_dﬂ Bryfiaried mbodnneg tThe

substrate has a generall Qun ol d | e
conductive filmis depos*ﬁ%ﬁrgﬁ' g% Qj’e d a\‘lg'q’tgrs"atj‘enl an ar ea a?ﬁhe%{'a
about the hol eivsgerts aFliguse l.rcumdetlaqt:rmiuq)l devdcensert ellecknicake

hole in the in g(;@ggg:tl fi n
has a gilr\x/te%réélﬂgﬁn%%gﬁ.ﬁnr ea1(:‘g.§ﬁ ; an h of t-he hol ej{6 Tlﬁgt weEif Pa
di fferefce betm?ﬁéydlﬁﬁ\!?@r terpipal; npﬁﬁd 12c adnRorflat  flexible

?ﬁégel Sa? 2 n; Pﬁ:ﬁé’@:tltgrgé%(efﬁli?od/ﬂﬁéibhﬁt@dallﬂt ,erisnfi IPustrited teording

conducltoi ve fil rso?tﬁ@%‘ex?’ﬁggosuﬁ pe(:yééé)gm’ sPegitf%%rhyle ?h&;&@d ihe
represents a system as disclosed in the aforementioned U.S.
Patent No. 4,970,624,

10 More particularly, in the prior art system of
Figure 1, the flat flexible circuit 14 includes a flat
flexible dielectric substrate 16 having a ductile
conductive film 18 thereon. The flat conductor or film 18
may be of a copper material with a tin/lead plating on one

1is side thereof (i.e. the side which engages terminal pin 12).
Substrate 16 is precut with slits to facilitate insertion
of terminal pin 12 through the flat flexible circuit in the
direction of arrow "A" to the position shown in Figure 1.
A Z-axis conductive epoxy 20 either is applied to terminal

20 pin 12 prior to insertion through the flat flexible
circuit, or the epoxy is deposited on film 18 in an area
about the penetration point of the terminal pin prior to
insertion of the pin. After assembly, epoxy 20 is cured
and rigidified at the interface area between terminal pin

25 12 and conductive film 18, as shown. '

Although the prior art illustration of Figure 1
and the above description theraof is representative only,
such systems require . secondary operations, whether
employing conductive epoxy, other adhesives or conventional

30 solder material. The seéondary operations include applying
the material as well as subseqhently curing the epoxy or
reflowing the solder. The present invention completely
eliminates these expensive and time consuming secondary
operations, as will be understood from the following

35 . detailed description.

In particular, referring to Figure 2, an
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3 ' As di scl osed hereln the hole in the]
preferably Is a prepunched or drilled hole. The substra
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is fabricated of a material such as pol yam de, al Pef AGERt her
materials as polyester and the like are 5 appropri at e. ﬂ EstEE :
conductive filmmay be of copper mat erial or conducti ve thrck 7ilm

mat eri al . f ngf'e

terminal pin fr}(?‘f'ﬁ:e"%ctléé 8 eééﬁlggéiﬁ&uﬁégg%;h d %néié)fllﬁéﬂ?été&‘e
common pl at i nEomt e¢$h¢b1iﬁhén§ e@odiekegtpicake ﬁennecl"'ﬂg\‘i’éh iRptwesn 2
plating materigndafy o®id 4éPMinal pin 24 andAwthelateaflexible

the Inventlonéir}chli\./g's tghenerally designated 26. The flat flexible

5 " eircuit includes a flat dielectric substrate 28 which

initially is provided with a prepunched, generally round

hole 30 of a given diameter. Substrate 28 is less than

1.27mm (0.050 inch) thick. A ductile conductive film or

flét conductor 32 is deposited on substrate 28 in an area

10 at least about hole 30. When used herein and in the claims

hereof, the term "round" to describe the cross-sectional

configuration of terminal pin 24 and the configuration of

hole 30 is not meant to be limited to a precise circular

pin or hole. For instance, an elliptical pin may be

15 inserted in a corresponding elliptial hole as long as the

minor and major axes of the two elliptical configurations

are aligned. In addition, although Figure 1 shows only a

single pin inserted into a single hole, the J.nvent10n is

applicable in multi-circuit electronic devices 1nc1ud1ng a

20 plurality of pins inserted individually or simultaneocusly

into a corresponding plurality of holes in flat flexible
circuit 26.

The invention contemplates that both terminal pin

24 and conductive film 32 be plated with a particular
25 conductive material. For instance, conductive film 32 may

be of copper material and be plated with a t_'inllead'alloy.

Correspondingly, terminal pin 24 is plated with a similar

tin/lead alloy, preferably to form a similar - metal

interface. Of course, other alloys, such as tin/nickel
30 alloy, can be used.

Another preferred feature of the invention is to
apply a lubricant to terminal 'pin 24 prior to ‘inserting the
pin into the hole in the flat flexible circuit. The
lubricant is shown schematically by dotted lines, at 34.

3s The lubricant eliminates or at least reduced "fretting
corrosion" which is created by oxides formed when two
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application of a lubricant to the termnal pin. Such a} THIS SHEﬁBﬁﬁaﬁﬁE‘\\m |1

prevent or at |east reduce what is called "fretting" cRERLAGEBn. |

ot her words, when two nmetals rub 15 t oget her, they ¢ Create oxides
whi ch the |ubricant wi |l reduce. Wen using tin-|ead |g£e %gciﬁ, a
pol yphenol ether | ubri cant can be used. C@

obj ects, feat the o | W { A SEeRRRAT €
fromthe foll olﬁvﬁlag etal rl{:g‘ggéhgédescr t|:on ta@e/%p}ljhg%%nniéctlggn&\?\naf Qﬁ

acconpanyi ng appropgigﬁpndg;brlcant would be a polyphenol ether. 4'1‘ e
lubricant also eases the insertion of the pin in the

direction of arrow "B", as well as minimizing skiving or
5 fiaking of the plating material.

' As stated above, flat flexible dielectric
substrate 28 preferably is less than 1.27mm (0.050 inch)
thick. The substrate may be of various materials, but a
polyamide material marketed by DuPont Corporation under the
i0 trademark KAPTON has proven effective. Other materials,
such as a polyester material marketed under the trademark
- MYLAR also could be used. Hole 30 in the flat flexible
substrate preferably is preformed, such as Dbeing
prepunched, in order to prevent the substrate material from
15 tearing or "running” when a pin of a diameter larger than

the diameter of the hole is inserted into the hole.
The invention contemplates the use of a principle
which may be called a "controlled meniscus", as indicated
_ at 36 in Figure 2. In other words, in order to eliminate
20 the use of solder, epoxies and the 1like, a particular
interference is established between terminal pin 24 and
flat flexible circuit 26 in curved area 36 which, in
essence, is a deformed peripheral area of the circuit which
applies normal forces to the terminal pin in the direction
. 28 of arrows "C" when the pin is inserted in the direction of
arrow "B". It has been found that this area and the
interference forces are controlled by controlling the
relative diameters of terminal pin 24 and hole 30. In
actual practice, it has been found that good electrical
30 connections can be maintained when the difference between
the diameter of terminal pin 24 and the diameter of hole 30
is on the order of 5% to 50% ‘of the diameter of the hole.
This could be termed the "interference" parameter. In
actual practice, using this relationship, the following

35 experimental results have been found:
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Bri ef "Description of the Draw ngs ' The fé.é’i"ﬂ%&"%? HAY BEEN

i nvention which are believed " to be novel are set florth RERLACED
particularity in the appended cl ains. The invention, together wth
its objects 5 and the advantages thereof, may be best undpf<sée®depPy
reference to the follow ng description taken in conjunction with the
acconpanyi ng drawi ngs, in which like reference nuneral s identifygdy ke
elenents in. (gih DiAKetedndx)n HolevDiametdd (y) Interféiéh&E 1 ix¥ a
section through the interconnection between a termnal pin and a fl at
flexible circ@.4i032mm (a080r ihah)t &.5M6mpr i(6062 tinchid 29%
FIGURE B is a section through the interconnection . between a
termnal pin dnd28mhal.060einphd leR7mmi t (2950 inadr ding t¥he
i nventi on. '
1.016mm (.040 inch) .071mm (.028 inch) 43%
10 1.016mm (.040 inch) .787mm (.031 inch) ~  29%
1.016mm (.040 inch) .889mm (.035 inch) 14%
1.016mm (.040 inch) .965mm (.038 inch) 5%
is5

These interference levels were maintained with
substrate 28 being a polyamide film of either 0.127mm
(0.005 inch) thick or 0.05mm (0.002 inch) thick, and with
a 28.35 grams (one ounce) copper film 32 having a‘tinllead

20 plating.

By maintaining parameters similar to that
outlined above, it has been found that secondary operations
such as soldering the terminal pin to the flat conductor of
the flat flexible circuit, or using epoxy or other

25 adhesives between the pin and the flexible circuit can be
completely eliminated and still maintain a good electrical
connection between the pin and the flat conductor of the
flexible circuit.

It will be understood that the invention may be

30 embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and
the invention is not to be limited to the details given

35 herein.
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5 " Detail ed Description of the Preferred Enbodi nent

RﬁewlnﬁTﬁTFEHTmMﬁmrTngrmﬂerd&aH and first to Figure 1,

an electr ctrical |nterconnection generally
deS| gnat e$"“l| ﬂu'm# ” general ly. round termnal

lexible * ¢ CLFCUI era |y designated 14, is ill §ﬁﬂﬂﬁ§ﬂ£ﬁdﬂ¥iEEHﬁ

to a known prior art systen1 Speci fically, Flgure 1 RERLAGE@nts a
system as disclosed in the aforenentioned U.S. Pat'e No—% 2

10 More particularly, in the prior art system of Flgure
1, the flat flexible circuit 14 includes a flat flexible dielectric

substr &¥aimg having a ductile

1. An electrical or electronical device (22), comprising:
a flat flexible dielectric'substrate (28) less than 1.27 mm
(0.050 inch) thick and having a generally round hole (30) of a

given diameter:;
a ductile conductive film (32) on the substrate in an area at

least about said hole;

a generally round terminal pin (24) inserted into the hole in the
substrate in contact with the conductive film, the pin having a
given diameter greater than that of the hole; and

wherein the difference between the diameter of the pin (24) and
the diameter of the hole (30) is on the order of 5% to 50% of the

diameter of the hole.

2. The device of claim 1 wherein said hole (30) in the
substrate is a prepunched hole.

3. The device of claim 1 wherein said substrate (28) is
fabricated of polyamide material.

4. The device of claim 1 wherein said substrate (28) is
fabricated of polyester material.

5. The device of any of claims 1 to 4 wherein said ductile
conductive film (32) is plated with a conductive material.

6. The device of any of claims 1 to 5 wherein saiad
terminal pin (24) is plated with a conductive material.

7. The device of claim 5 and 6 wherein said ductile
conductive film (32) and said terminal pin (24) are plated with a
common conductive plating material. '
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conductive film 18 thereon. The flat conductor or film 18 may be of a
copper wﬂ Lﬂmmuj”'un/ | ead platin@ on one 15 si de t her eof (| e. the
si de whi pin 12). Substrate 11

"slits to facilitaf'e fnsértion of ternminal pin 12 TIIiISoSﬁEETHASﬂEEN
flexible circuit in the direction of arrow "A" tp the REPEACEDBN shgwn
in‘Figure 1. A Z-axi s conductive epoxy 20 eithel"E'lﬂppl ed- 1o

term nal 20 pin 12 prior to insertion through the flat flim bl e
circuit, or Bhe ep®® devige nf (any #f i¢laing 1 tan7 wbgrein sajd,cuctid

penet raébﬁduaﬁﬁ.ﬂ'b i1 g 32y i ataliricaked’ of Ocopper.i nsertion of the pin.
After assenbly, epoxy 20 is cured and rigidified at the interface

area betvveenter 5 tive fil

Al t hough the prl o J‘}ﬁ%s ata]‘@]ag? ﬁ%ﬁ‘?% % to'b %%%e?.ﬁ ségg\\’/\@uctlle
descri pl!@nduchewsofillm r(@ﬂ)es:l@twlatﬁ!d onith a tin/lead al}oyens require
secondary operations, whether - enpl oyi ng conducti ve epoxy, other

adhesi ves OioconVQﬂb' Mlc@ of aﬁﬂ{@f é‘Péﬁﬁéaé tdNe GRePRIAr Bad@er ations
i ncl ude aplg he mat_er.i s well as subsequently curing the

epoxy oF 1Xal pin (24) is plated w1th a tin/lead alloy.
11. The device of any of claims 1 to 10 including a
lubricant (34) applied to the terminal pin (24).

12. The device of claim 11 wherein the lubricant (34) is at
least in the area of contact to the conductive film (32).

13. The device of any of claims 1 to 12 wherein said
ductile conductive film (32) is of a conductive thick film
material.

-
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ref l'owing the solder. The present invention conpletely el i m nates

t hese expensive and tinme consunm ng 'secondary e ' s W || be
under stood fromthe fol | owi ng 35 detai | ed de3BIS BHEDHHAS BEEN
In particular, referring to Figure 2, an REPLACED o94-0js5 EP

6 el ectroni c devi-ce, generally designated~22;"TS iITustrated

for establishixgspRaerectrical connection between a general |y round
termnal pin 24 and a flat flexible circuit, generally designated
26. The f| MOUNTENRG| PERMINAL PINS IN SUBSTRATES

An electronic device (22) includes a flat
5 . flexible dielectric substrate (28) which is less than
1.27mm (0.050 inch) thick and has a generally round hole
(30) of a given diameter.' A ductile conductive film (32)
is deposited on the substrate in an area at least about the
hole. A generally round terminal pin (24) is inse:ted into
10 the hole in the substrate in contact with the conductive
film. The pin has a giveh diameter greater than that of
the hole. The difference between the diameter of the pin
and the diameter of the hole is on the order of 5% to 50%
of the diameter of the hole.

15
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5. circuit includes a flat diel ectric.substrate 28 which initially

Lalan

is provided with a prepunched, genérally round hol er38=ef—a~g+ven

di ameter. Substrate 28 is less than 1.27mm (0. 050 i hERIS SHERIKHAS, BEEN
ductile conductive filmor flat conductor 32 is deppsite®EPHACED
Substrate 28 in an area 10 at Ieash'alpput hol e 30. Wiel Used nererm amd
in*the clains hereof, the term "round” to describe the

cross-secti onal configuration of termmnal pin 24 and the
configuration of hole 30 is not meant to be limted to a precise
circul ar pin or hole. For insta , an elliptical pin my be 15
inserted in a correspondi ng el lg ole as long as the m nor and
maj or axes of t hel@tmo, el I'bpt iC hfi gurations are aligned. In

addi tion, although Fi uré 1S Lyi@ single pin inserted into a
single hole, the invention is applicable in nulti-circuit electronic
devices including a 2 pl ur apAl of pins inserted individually or .

si mul t aneousl y into a cor ing plurality of holes in flat
flexible circuit 26. "~ The invention contenpl ates that
both termnal pin 20 ' 12

T e

20

18 % FIG.I

(PRIOR ART)

S e e e e

\

I i



i A

24 and conductive film 32 be plated with a particular 25 condu?tﬂ’ge'
material. For instance, conductive film 32 may be of copper rrat erial
and be plated with a tin/lead alloy. . - Cor r espondi ngl Rggmhﬂ‘ AT PLIE

is pltated with a simlar tin/lead alloy, preferabl u i -
met al interface. O course, other alloys, such as]tiin/ nickel :
all oy, can be used. Anot her preferred fegt re'23fAUGlé996

i nvention is to apply a Iubrican%ﬁ pin 24]prior to
inserting the pininto the hole i | exi blje ciTcurt.

| ubricant is shown schematically by dotted lines, at 34. L35 Ihe

! ubricant elimnates or at %Ig@dgggﬂxﬁﬁ,eﬁﬁmgn SUBSTRATEES| on" whi ch
is created by oxides forned en two -
ield of the Invention

This invention generally relates to electronic

devices and, particularly, to an electronic device wherein

5 a terminal pin is electrically coupled in a hole of a flat
flexible substrate. -

Background of the Invent:.og
Electrical connections between terminal pins and

10 flat conductors on a flat flexible dielectric substrate are
known in the art. Typically, a terminal pin either is
utilized to punch through the flat conductor and the
flexible substrate to establish an electrical and
mechanical connection between the pin and the conductor, or

15 slits are formed in the flat conductor and substrate to
facilitate penetration of the pin. The slits form "flaps"
which engage sides of the pin. '

In order to assure good electrical and mechanical
connections in these types of electronic devices', solder or

20 ‘other adhesives often are used. For instance, in U.S.
Pa‘Eent No. 4,970,624, dated November 13, 1990 and assigned

~to the assignée of the present invention, uni-axial
adhesive is deposited on the flat conductor about the
aperture which is penetrated by the terminal pin. The

25 adhesive includes a non-conductive base incorporating
réndomly spaced conductive particles. - When the terminal
pin is forced through the adhesive, a portion of the
adhesive is carried with the terminal pin between the pin
and the flat conductor. The carried portion of the

30 adhesive is compressed for establishing contact between the

’ conductive particles and, thereby, conductivity between the



7 metals rub together. Wth a tin/lead interface, an

appropriate lubricant would be a pol yphenol ether. The | ubricant al so
eases the insertion of the pin in the di rection of. arrow"B", as well
as 'mi ni+ zi ng skiving or flaking of2the plating material.

As stated above flat er i bl e ec ' [

| ess fthan 1. 27mh }(5‘5'(} Fﬁeh ddt% Fhﬁ?‘kc "?Hgtéubsﬁfgkgnﬁﬂtﬂg él%/)Jz‘a‘)rll 1)35
materials, but aother theol ydmtlepmt:ém aln Mrmmpm“%Mts'Gb\?%oraﬁ‘i‘@h
under the 10  Jadanpik JAARHOMN A gall agenzalirot la/dhesﬂvée.r mat eri al s,

S e o o oL T R S L BTREsome oMBERFY o0
is preforsred, sexmvehthadir Betepded purmseqwnthedm*ﬁ rP%rﬁfé‘tdﬁromﬁFévéhlsl he
fg?;te;at ﬁagate“cﬁin&x{éﬁlhﬂé adHe@3Wel] Op-akidNidiBxywheind pithex sisbzaet er

_ materials require secondary operations to establish

conductivity between the terminal pin and the flat

conductor on the flat flexible substrate. In addition to

10 the  time and expense of the secondary operations, the

materials, themselves, are relatively expensive.  The

present invention is designed for solving these problems

and eliminating the need for solder or other conductive

materials by establishing an electrical connection directly

15 between the terminal pin and the flat conductor on the flat

flexible substrate, by having similar metal interface

between the pin and the flat conductor and by controlling

various parameters of the pin and the substrate.

20 summary of the .Invention _
An object, therefore, of the invention is to

provide a new and improved system for mounting electronic
devices, such as terminal pins, in flat flexible circuitry.

In the exemplary embodiment of the invention, an

25 electronic device includes a flat flexible dielectric
substrate which is less than 1.27mm (0.050 inch) thick.

The substrate has a generally round hole of a given
diameter. A ductile conductive film is deposited on the
substrate in an area at least about the hole. A generally

30 round terminal pin is inserted into the hole in the
' _ substrate in contact with the conductive f£ilm. The pin has
a given diameter greater t’hén that of the hole. The
difference between the diameter of the pin and the diameter

of the hole is on the order of 5% to 50% of the diameter of

35 . the hole. These parameters establish a good connection
' between the pin and the conductive film on the flexible substrate.
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the dianmeter of the hole is inserted into the hole. The

I nvention contenplates the use of a principle whi ch may be called a
"controll ed neniscus”, as indicated at 36 in Figure 2. In other
words, in order to elimnate 20 the use of solder, epoxies and the Iike,

a particular I nt erfgsera:fsd sgat ﬂggﬁgedulggt Heee g mg@ls‘mgvcla&eand
flat flexible circuit 26 curve ‘Mﬁilér‘g ﬁis S et ed
def or med peri ph@’-’&lfe&??&yo stﬂepE?P\‘,’Eﬁ e%ﬂr xilled hghe: o TRS, i}r& €es
to the term nal prieferabilye idi falriicntéd of afmabewiml "snchies Pokyanidd,s
inserted in the ‘i't'h% Pu?:i’x other ﬁtré%‘ﬂaﬁg"as pdlyéﬁ%:b% Eﬁlénﬂiﬁélﬁret hi's
area and the erence T cef are i_‘ ﬁlby con% the
rel ative & amet erPrtiértﬁ nafhg; fush %&%’@1‘1& 333
practice, it hasmatesriaflowrd comducgdved thick fiida md¢eriadonnect i ons can be
rzrzl nt 3| nﬁd \é\,hen t he d:c f Lerelﬁg%ﬂ%i-\éﬁefeature oehgndi AAReatich Lerehaeltnd n
and t he di aneter of _ho he, or.der
di ameter of the Yf¥minal pin ?HfistQ%Lﬂ"dﬁ"&get CORANF dih Jr‘?tnb%o%?‘eﬁ addf
parameter. - Inwith a axmmdn pldiinge patierigl ¢ hin reneat eohedipent h@f the
following; s  jnvention, the plating material is a tin/lead alloy.
~ Another feature of the invention involves the
~ application of a lubricant to the terminal pin. Such a
lubricant will. prevent or at least reduce what is called
~ wfretting" corrosion. In other words, when two metals rub
15 together, they tend to create oxides which the 1ubri¢ant
will reduce. When using tin-lead interfaces, a polyphenol
ether lubricant can be used. _
Other objects, features and advantages of the.
invention will be apparent from the following detailed
20 description taken in connection with the accompanying
drawings.
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35 experimental results have been found: .
8 (xy Pin D anmeter (x) Hol e Dianeter (v) Interfergnde
2.032mm (. 080 inch) 1.575mm (.062 i nch) 20%5 . |1 52%%‘{36%?9
_inch) 1= 27mm (. 050 inch) 20% 4 1.016mm (.040 iindh QZ1mm
i 0
(. 028 inch) Bri iS;A)Descrigtion of the Drawings

The features of this invenﬁion which are believed
to be novel are set forth with particularity in the
appended claims. The invention, together with its objects

5 and the advantages thereof, may be best understood by
reference to the following description taken in conjunction
with the accompanying drawi'ngs, in which like reference
numerals identify 1like elements in. the figures and in
which:

10 FIGURE 1 is a section through the interconnection
between a terminal pin and a flat flexible circuit
according to the prior art; and o

~ FIGURE 2 is a section through the interconnection
between a terminal pin and a flat flexi.ble circuit
1s. according to the invention.




10  1.016mm (.

' ~r1 b FORAT HEET!
040 inch) .787mm (.031 inch) soo, | REPLACEMENT SHEE

=T ITOTITI
(.040 inch) .889mm (.035 inch) 14% 1.016nm (} G40
. 965mm (. 038 inch) 5% 15 = These inteyf ergriémie%és
~were nmaintained with substrate 28 being a polyamde fi]lmof either
0.127mm (0.005 inch) thick or 0.058m (0.002 inch) thjck,-and with
a 28.35 grams (one ounce) copper film 32 having a tin/lead L20 et
DaCa hhed DesSCripeioly O he ata d bodiment
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Referring to the drawings in greater detail, and
first to Figure 1, an electronic device or electrical
interconnection, generally designated 10, between a
generally round terminal pin 12 and a flat flexible
circuit, generally designated 14, is illustrated according
to a Xknown prior art system. specificallk, Figure 1
represents a system as disclosed in the aforementioned U.S.
Patent No. 4,970,624.

More particularly, in the prior art system of
Figure 1, the flat flexible circuit 14 includes a flat
flexible dielectric substrate 16 having a ductile
conductive f£ilm 18 thereon. The flat conductor or f£ilm 18
may be of a copper material with a tin/lead plating on one
side thereof (i.e. the side which engages terminal pin 12).
Substrate 16 is precut with slits to facilitate insertion
of terminal pin 12 through the flat flexible circuit in the
direction of arrow "A" to the position shown in Figure 1.
A Z-axis conductive epoxy 20 either is applied to terminal
rin 12 prior to insertion through the flat flexible
circuit, or the epoxy is deposited on film 18 in an area
about the penetration point of the terminal pin prior to.
insertion of the pin. After assembly, epoxy 20 is cured
and rigidified at the interface area between terminal pin
12 and conductive film 18, as shown.

Although the prior art illustration of Figure 1
and the above description thereof is representative only,
such systems require secondary operations, whether
employing conductive epoxy, other adhesives or conventional
solder material. The secondary operations include applying
tﬁe material as well as subsequently curing the epoxy or
reflowing the solder. The present invention completely
eliminates these expensive and time consuming secondary
operations, as will be understood from the following
detailed description.

In particular, referring to Figure 2, an
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outlined above, it has been found that secondary opergtijons su¢hjas
soldering the terminal pin to the flat conductor of 2 BhRUG 1996 _
flexible circuit, or using epoxy or other 25 adhegi yes bet ween thﬁa i n.
and‘the flexible circuit can be conpl etely el i i nated—amnd—st++
mai ntain a good el ectri cal connect fon bet ween tthe pin and the fl ft

conductor of the ctronLJf e(i(é\picee Cée%%‘ény derﬁ)i(%xat(fd 22 ikt 3 hLE

under st ood t hat ?Jhe I'NVEN

i on dt her “speci

f or ms wi t hout .defR¥F t i etaPD ’t“h‘ég an elggtrical, E@W&t EHarHEF%??’%tl‘ts

thereof. The pr

gatdfally round terminal pin 24 and a flat flexible
circuit, generally designated 26. The flat flexible
circuit 3includes a flat dielectric substrate 28 which

" initially is provided with a prepunched, generally round

hole 30 of a given diameter. Substrate 28 is less than

~1.27mm (0.050 inch) thick. A ductile conductive film or
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15
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flat conductor 32 is deposited on substrate 28 in an area
at least about hole 30. When used herein and in the claims
hereof, the term "round" to describe the cross-sectional
configuration of terminal pin 24 and the configuration of
hole 30 is not meant to be limited to a precise circular

pin or hole. For instance, an elliptical piﬁ may be

inserted in a corresponding elliptial hole as long as the
minor and major axes of the two elliptical configurations
are aligned. 1In addition, although Figure 1 shows only a
single pin inserted into a single hole, the invention is
applicable in multi-circuit electronic devices including a
plurality of pins inserted individually or simultaﬁeously
into a corresponding plurality of holes in flat flexible
circuit 26.

The invention contemplates that both terminal pin
24 and conductive film 32 be plated with a particular

‘conductive material. For instance, conductive film 32 may

be of copper material and be plated with a tin/lead alloy.
Correspondingly, terminal pin 24 is plated with a similar
tinflead alloy, preferably to form a similar metal
interface. Oof course, other alloys, such as tin/nickel
alloy, can be.used.

Another preferred feature of the invention is to
apply a lubricant to terminal pin 24 prior to inserting the
pin into the hole in the flat flexible circuit. The
lubricant is shown schematically by dotted lines, at 34.
The lubricant eliminates or at least reduced "fretting
corrosion® which is created by oxides formed when two
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metals rub together. With a tin/lead interface, an
appropriate lubricant would be a polyphenol ether. The
lubricant also eases the insertion of the pin in the
direction of arrow “B", as well as minimizing skiving or
flaking of the plating material.

As stated above, flat flexible dielectric
substrate 28 preferably is less than 1.27mm (0.050 inch)
thick. The substrate may be of various materials, but a
polyamide material marketed by DuPont Corporation under the
trademark XAPTON has proven effective. Other materials,
such as a polyester material marketed under the trademark
MYLAR also could be used. Hole 30 in the flat flexible
substrate preferably is preformeqd, such as being
prepunched, in order to prevent the substrate material from
tearing or “running" when a pin of a diameter larger than
the diameter of the hole is inserted into the hole.

The invention contemplates the use of a principle
which may be called a "controlled meniscus", as indicated
at 36 in Figure 2. In other words, in order to eliminate
the use of solder, epoxies and the 1like, a particular
interference is established between terminal pin 24 and
flat flexible circuit 26 in curved area 36 which, in
essence, is a deformed peripheral area of the circuit which
applies normal forces to the terminal pin in the direction
of arrows "C" when the pin is inserted in the direction of
arrow "B, It has been found that this area and the
interference forces are controlled by controlling the
relative diameters of terminal pin 24 and hole 30. -In
actual practice, it has been found that good electrical
connections can be maintained when the difference between
the diameter of terminal pin 24 and the diameter of hole 30
is on the order of 5% to 50% of the diameter of the hole.
This could be termed the %interference" parameter. In
actual practice, using this relationship,l the following
experimental results have been found:
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east about saijd]hol e;

flat flexible dielectric substrate (28) less than 1.
t hick and having a generally round hole (30) of a di
conductsi ve film (32) on the substrate in an area at
a generally round termnal pin (24) insertgd into ¢t
In contact wwth the conductive film the pin having.
greater than thapinfDiémehere{xhnd \HekeiDiambbeni (¥)
di;ameter of the gin 24) and

o .032mm’ (.080 inch) 1.575mm (.062 inch) 29%

- = D

5
1.524mm (.060 inch) 1.27mm (.050 inch) - . 20%

1.016mm (.040 inch) .07lmm (.028 inch) 43%
10 1.016mm (.040 inch) .787mm (.031 inch) 29%
1.016mm (.040 inch) .889mm (.035 inch) 14%
1.016mm (.040 inch) .965mm (.038 inch) 5%
18 These interference levels ‘were maintained with
sub'strate“ 28 being a polyamide film of either 0.127mm
(0.005 inch) thick or 0.05mm (0.002 inch) thick, and with
a 28.35 grams (one ounce) copper film 32 having a tin/lead
20 plating.
| By maintaining parameters similar to that
outlined above, it has been found that secondary operations
such as soldering the terminal pin to the flat conductor of
the flat flexible circuit, or using epoxy or other
25 adhesives between the pin and the flexible circuit can be
completely elimin.ated' and still maintain a good electrical
connection between the pin and the flat conductor of the
flexible circuit.
It will be understood that the invention may be
30 efandied in other specific forms without departing from the.
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not reétrictive, and

the invention is not to be limited to the details given

35 herein.
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ductile conductive film(32) is plated with a conductive|nateriar 6
The device of any of clainms 1 to 5 wherein said termnal |pin (24) is plat

ated of polyanide material . : The

5. The device of any of clains 1 to 4 pZWerein said

mﬁph a conductive materi al . 7. The device of claimb and 6 wherein
said ductile

Clainms

3. An electrica; or electronical device (22), comprising:
a flat flexible dielectric substrate (28) less than 1.27 nm
(0.050 inch) thick and having a generally round hole (30) of a
given diameter;
a ductile conductive film (32) on the substrate in an area at
least about said hole;
a generally round terminal pin (24) inserted into the hole in the
substrate in contact with the conductive f£ilm, the pin having a
given diameter greater than that of the hole; and - '
wherein the difference between the diameter of the pin (24) and
the diameter of the hole (30) is on the order of 5% to 50% of the
diameter of the hole. |

2. The device of claim 1 wherein said hole (30) in the
substrate is a prepunched hole.

3. The device of claim 1 wherein said substrate (28) is
fabricated of polyamide material.

4, The device of claim 1 wherein said substrate (28) is
fabricated of polyester material.

5. The device of any of claims 1 to 4 wherein said ductile
conductive film (32) is plated with a conductive material.

6. The device of any of claims 1 to 5 wherein said
terminal pin (24) is plated with a conductive material.

. 7. The device of claim 5 and 6 wherein said ductile
conductive £ilm (32) and said terminal pin (24) are plated with a
common conductive plating material.
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8. The device of any of claims 1 to 7 wherein said ductile
conductive film (32) is fabricated of copper.

9. The device of any of claims 5 to 8 wherein said ductile
conductive £ilm (32) is plated with a tin/lead alloy.

10. The device of any of claims 6 to 9 wherein said
terminal pin (24) is plated with a tin/lead alloy.

11. . The device of any of claims 1 to 10 including a
Jubricant (34) applied to the terminal pin (24).

12. The device of claim 11 wherein the lubricant (34) is at
least in the area of contact to the conductive film (32).

13. The device of any of claims 1 to 12 wherein said
ductile conductive film (32) is of a conductive thick film
material.




9. The device of any of clainms 5 tg 8 Mherein said ducti
(32) is plated with a tin/lead alloy ' 10.  The devi ck
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6 to 9 wherein said termnal pin (24) is plated with at
11. - Thre device of any of clainms 1 to 10 including a |ubfi
to the termnal pin (24). 12. The device of claim]

erernt
| ubricant (34) is at least in the area of contact to the '

antz Ag@)vﬁggpl i d

conductive film

(32). 13. T?g agx_iie of any of claims 1 to 12 wherefn -said ductile

f a conductive th_ick filmmterral.
0 NG IN? s IN STRATES

An electronic device (22) includes a flat
5 flexible dielectric substrate (28) -which is less than
1.27mm (0.050 inch) thick and has a generally round hole
(30) of a given diameter. A ductile conductive film (32)
is deposited on the substrate in an area at least about the
hole. A generally round terminal pin (24) is inserted into
10 the hole in the substrate in contact with the conductive
:Eilm. | The pin has a given diameter greater than that of
the hole. The difference between the diameter of the pin
and the diameter of the hole is on the order of 5% to 50%
of the diameter of the hole.

s

Fig. 2
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