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(57} ABSTRACT
(22] Filed: Feb. 18, 1997

A surface mountable flexible interconnect (10) for connect-
[51] Int. Cl.' .........................-....,..................... HO5K 1/14 ing two circuit board (30. 32) consists of a flex circuit (12)
[52) U.S. CI. ........................ 3617/89; 361/784; 361/8261 with solderable runners (14) on one side. the runners tra-

361/827; 361/176; 3617177; 439717 439/83; versing the tiex circuit from one end to the other. There is a

439/85; 439/591; 439/592; 439/586; 174/117 F; solderable pad (16) at the end of each runner, and each
174/117 FF; 174/261; 174/268: 174/106 R solderable pad has a solder bump (18) fused to it. A rigid

158] Field of Search ....,..........,...-................ 3617/89, 803, carrier ring (20) is used to hold the ßex circuit in position
361/784 826, 827, 767, 776, 777, 749; prior to placement on the PCB. The flex circuit is formed

439/17, 83, 85, 591, 592, 586; 174/99 R
* into a U-shaped loop (26), and the loop is aligned to the

261, 268, 72 TR. 90, 106 R, 113 R. 117 F,

117 FF
carricr so that the loop is situated in an aperture (24; m the

carrier. The solder pads lie directly under the carrier ring and

[563 Referenees Cited face away from it. An adhesive (22) bonds theñex circuit to

the carrier ring.
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FLEXIBLE CONNECTOR FOR CIRCUri FIG. 12 is a side view of still another embodiment of the

BOARDS invention showing the loop protmding below the retaining
member.

TECHNICAL F1ELD
DETAILED DESCRIPTION OF THE

This invention relates to connectors for printed circuit 5 PREFERREDEMBODIMENT
boards, and more specifically, to a surface mountable flex- A surface mountable flexible interconnect for connecting
ible connector for printed circuit boards' two circuit board consists of a flex circuit with solderable

BACKGROUND runners on one side, the runners traversing the flex circuit

10 from one end to the other. There is a solderable pad at the
The challenge of making a low cost, reliable interconnec- end of each runner, and each solderable pad has a solder

tion between two printed circuit boards has been with the bump fused to it. A rigid carrier ring is used to hold the flex
electronics industry for as long as the printed wiring board circuit in position prior to placement on the PCB. The flex
has been in existence. The literature is replete with novel and circuit is formed into a U-shaped loop, and the loop is

interesting solutions to this problem. Unfortunately, the
15 aligned to the carrier so that the loop is situated in an

perfect interconnect has not been invented, and there is an aperture in the carrier. The solder pads lie directly under the
unfdled need for a better solution to the interconnect prob- carrier ring and face away from it. An adhesive bonds the
lem- flex circuit to the carrier ring. While the specification

Traditionally, the connection of closely stacked parallel concludes with claims defining the features of the invention
printed circuit boards (PCB) has been achieved with rigid go that are regarded as novel, it is believed that the invention
connectors. These are typically made of two mating halves, will be better understood from a consideration of the fol-

a male and a female, each having leads to attach to the PCB Iowing description in conjunction with the drawing figures.
and receptacles captured in a rigid housing. One advantage Referring now to FIGS. 1, 2 and 3, isometric, side, and
of rigid connectors is that the various halves of the connec- bottom plan views of a preferred embodiment of the
tors are easily surface mountable and some degree of 25 invention,theflexible.surfacemountablePCBinterconnect
automation can be employed when they are attached to the 10 consists of a flexible film12 that serves as the heart of the
PCB. However, they often require manual processes to mate interconnect. The flexible film is typically a polyester or

the two PCBs to each other, and they are susceptible to polyimidefilm,from0.Sto10milsinthickness,comparable
mechanical failure due to stress induced by tolerance to what is commonly used in the electronics industry for
stackup or by mechanical shock from dropping onto a ao flexible circuitry. On one side of the flexible film 12 are a

surface. Some have sought to overcome these problems by plurality of electrically conductive runners 14 that serve to

creating a flexible interconnect between the two PCBs. This electrically interconnect one PCB 30 to the other 32. In the
is typically achieved by plugging a flexible circuit into a preferred embodiment the runners are copper. (optionally
connector which is mounted on each PCB. While this solves plated with materials such as tin/lead alloys, nickel or gold)
the stress problem in the assembly, it still has a rigid as but other conductive materials such at aluminum, titanium,
connector on each PCB and requires additional parts. or graphite-based inks will also find favor. Titanium or

Further, flexible circuits don't lend themselves well to aluminum are typically sputtered onto the Rexible fdm.
automated assembly. The advantages accrued by the flex- whereas the graphite based inks are typically screen printed.
ibility of the film also work to one's disadvantage, because In practice. there are many conductive runners that traverse
the flexibility of the film malces it hard to handle with 4o the film from one end to the other, and they typically run
robotics. The ongoing activity in the field of PCB intercon- parallel to each other.Although the simplest and lowest cost
nection is a testament to the importance and need for a version of the invention is a flexible film with circuitry on
robust, mechanically compliant, automatable interconnect one side only, one can also utilize a fdm with circuitry on
system. both sides, and with conductive through holes or vias

45 connecting one side to the other.
BRIEF DESCRIPTION OF THE DRAWINGS Typically, each end of the conductive runners 14 contains

FIG. 1 is an isometric view of a flexible interconnect a solderable pad 16, and each solderable pad has an elec-
joining two PCBs in accordance with the invention. trically conductive media such as a solder ball 18, a gold

FIG. 2 is a side view of the flexible interconnect in bump, or an elec1rically conductive adhesive adhered to it.

accordance with the invention. So The solder ball 18 is typically a sphere of cutectic solder that

FIG. 3 is a bottom plan view of a flex circuit used in the is fused to the solderable pad 16. The flexible film is then

flexible interconnect shown in FIGS. 1 and 2. formed into a loop 26 that has the general shape of a "U".

FIGS. 4 and 5 are side views of the flexible interconnect The purpose of the loop is to provide the length required to

accommodate the PCB-to-PCB gap as well as to offer strain
soldered to PCBs with the retaining ring removed.

55 relief for the connection. Although FIGS. 1 & 2 depict the
FIG. 6 is a side view of another embodiment of the loop as generally having a U-shape, we know that other

invention showing a prescored retaining ring. configurations are equally effective in various situations. For
FIG. 7 is a side view of an alternate embodiment of the example, FIGS. 9, 10, and 11 depict the flexible film 12

invention, showing the flexible interconnect after the retain- formed in the shape of a W, in the shape of a V, and folded
ing ring has been broken along a prescored line in accor

60 into the shape of an S, respectively. The loop also serves as

dance with the invention
a service loop so that after connecting the PCBs together, the

FIG. 8 is a side view showing the flexible interconnect PCBs can be manipulated in space to their final position,
joinîng two PCBs in an alternate embodiment of the inven- which raay be different than their initial position during
tion. assembly. In the preferred embodiment, the solderable pads

FIGS. 9-11 are side view of additional embodiments of 65 are located on the flexible film so that they form an array or

the invention showing alternate configurations of the flexible partial array similar to that found on the popular ball grid
member in relation to the rigid retainer. array integrated circuit packages.

I
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Arigid retainer member 20 is used to hold the flexible fdm be made. FIG. 7 shows the carrier after breaking along the

12in a predetermined position. Prior att attempts to use flex pre-scored line, with the interconnected PCBs repositioned
circuits for board to board interconnects suffered from the as desired. Although the carrier is broken on the score-line,
tendency of the flexible fdm to move about. Our invention it remains attached to the flex circuit.
employs a rigid carrier ring 20 to hold the flexible fdm

5 Still another embodiment, shown in FIG. 8 has the loop
securely in position. Although we refer to element 20 as a protruding away fromthe carrier 20.In this case, rather than
"ring", the invention is by no means limited to a carrie the loop facing up and away from the solder bumps 18, the
having a circular shape. Indeed, the most common applica¯

loop is facing down and towards the solder bumps. This
tion fmds a square or rectangular shape, and it is contem¯

situation also lends itself quite well to use with auto assem-
plated that other shapes that do not have a completely closed

10 bly machines, as the entire top surface 21 of the carrier ring
exterior can be used, for example, a "C" shaped carrier

is available to be accessed by the vacuum pickup chuck.
functions in a similar manner. In the preferred embodiment

FIG. 12, is still another embodiment of our invention
the carrier ring is a laminated sheet, similar to that com-

where an additional carrier member 47, is fastened to the top
monly used as printed circuit board materiaL Indeed, we

side of the rigid retaining members 20. In this case, the
have found that common epoxy-glass or polyimide glass 15 additional carrier member 42 serves as the rigidizing
circuit board laminate without the copper cladding functions

member, and the members 20 are mounted to the flexible
well as a carrier. Other materials such as injection molded film 12 by means of a permanent adhesive. A temporary
plastic or stamped metal can also be used with ellicacy, h

adhesive is used to bond the additional carrier member 42 to
the center of the carrier ring is an aperture 24 that serves to

the members 20, and the additional carrier member 42 is

capture the flexible film loop. The film is situated such that 2° removed after soldering. This drawing ftgure also depicts a

the loop 26 is in the aperture 24, and depending on the situation where the flexible film does not have a service
configuration and design of the connector. the loop may loop, but is simply is a straight sheet. As not all configura-
protrude out of the aperture, or it may simply be captured in

tions of interconnection require a service loop or s1rain
the aperture. The flexible film is adhesively bonded to the

relief, the flat sheet can also be used with some of the
carrier ring by applying an adhesive 22to selective locations 25 previously described configurations.
of the carner and the film. Typically, the adhesive lies .

directly over the solderable pads andthe solder bumps. This In summary, a novel surface mountable mterconnect for

approach captures the ends of the flexible film so that the PCBs has been created that satisfies a long felt need in the

solder bumps are always maintained in a coplanar industryforalowcost,1owprofile,reliable.flexiblesurface

relationship, and so that the solder interconnect can be made go
mount board to board interconnect. While the preferred

in the well tested and reliable controlled collapse chip carriet embodiments of the invention have been illustrated and

connection (C5). In addition, the carrier ring also provides a
described, it will be clear that the invention is not so limited,

flat, reproducible surface for use with the vacuum chucks as alternate embodiments have been described herein. And

commonly found on automated pick and place machines other equivalents, such as a plurality of loops in the flexible

(see FIG. 9. element number 40). Thus, our novel intercon- as
fdm, will occur to those skiUed in the art without departing

nect can also be placed by robots and other types of from the spirit and scope of the present invention as defined

automated machines in a highly reliable fashion, and sig- by the appended claims.

nificantly reduces the overall cost of the PCB-to-PCB inter- What is claimed is:

connect. The use of the carrier ring now makes the flexible 1. A surface mountable flexible interconnect for connect-

film behave much like any other surface mounted 4e
ing two circuit boards, comprising:

component, allowing its use in tape and reel format, bowl a flexible film having first and second opposed major

feeding, stick and tubes, or tray feeding, surfaces, and having a plurality of electrically conduc-

To use the interconnect, the two PCBs 30, 32 are posi- tive runners formed on the first major surface, each

tioned so that their top surfaces are coplanar and the respec- runner having a terminal portion at each end, and each

tive interconnect pads 34, 36 are aligned to receive the 45
terminal portion having an electrically conductive

solder bumps 18 on the flexible film. The interconnect is bump affixed thereto;

positioned on the PCBs, and soldered in place by passing a rigid member for retaining the flexible film, the rigid

through a reflow oven. Note that no special fixturing is member having an aperture;

needed to hold the PCBs and the interconnect in place, as is a central portion of the flexible film formed into a loop,
typically needed when soldering an unsupported film. FIG. so said loop disposed in the aperture; and

4 depicts the interconnect after soldering, when the carrier perimeter portions of the flexible film adhesively bonded
ring has been removed from the fdm 12, as it is no longer to the rigid member by means of an adhesive disposed
needed to hold the fdm steady. This is accomplished by between the rigid member and the second major sur-

heating the adhesive above its melt or softening point so that face.
the adhesive releases its bond. FIG.5 shows one of the many 55 2. The flexible interconnect as described in claim 1,

possible configurations of the interconnected PCBs 30, 32 wherein the electrically conductive bump is a solder bump.
repositioned in space relative to each other after the carrier 3. The flexible interconnect as described in claim 1,

had been removed- wherein the flexible film is polyester or polyimide.
Depending on the application, one may employ a ther- 4. The flexible interconnect as described in claim 1.

moplastic adhesive or a thermoset adhesive. In FIG. 6, one 60 wherein the rigid member is a laminated sheet, injection
alternate embodiment of the inventida finds a thermoset molded plastic, of metal.

adhesive used to bond the flexible film12 to the carrier ring 5. The flexible interconnect as described in claim 1,

20, and instead of removing the catrier after soldering, the wherein the electrically conductive runners are copper or

carrier is broken about a predetermined line 28 by flexing or graphite-based conductive ink.

bending it. In the case of a laminated PCB material used for 65 6. The flexible interconnect as described in claim 1,

the ring, a series of closely spaced holes are drilled in the wherein the film is adhesively bonded to the rigid member
laminate, or if the carrier is molded plastic, a thin section can by a thermoplastic adhesive.
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