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(57) ABSTRACT 

The transformation of An IC substrate With edge contacts 
into a ball grid array is accomplished using a ?exible circuit 
that has terminals arranged planarly on the underside for 
receiving meltable solder humps and Whose conductors 
leading outwardly from the terminals have exposed ends. 
The upper side of the ?exible circuit is connected With the 
loWer side of the substrate, Whereupon the edge regions of 
the ?exible circuit are bent up and around the substrate and 
the ends of the conductors are electrically contacted to the 
edge contacts of the substrate. 
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METHOD FOR TRANSFORMING A SUBSTRATE 
WITH EDGE CONTACTS INTO A BALL GRID 
ARRAY, BALL GRID ARRAY MANUFACTURED 
ACCORDING TO THIS METHOD, AND FLEXIBLE 
WIRING FOR THE TRANSFORMATION OF A 
SUBSTRATE WITH EDGE CONTACTS INTO A 

BALL GRID ARRAY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention is directed to a method for 
transforming a substrate With edge contacts into a ball grid 
array, a ball grid array manufactured according to this 
method, and ?exible Wiring for the transformation of a 
substrate With edge contacts into a ball grid array 

[0003] 2. Description of the Prior Art 

[0004] In the manufacturing of multichip modules 
(MCM), i.e. systems With one or more unencapsulated 
integrated circuits on a ?exible circuit (conductor pattern) 
?lm, the problem arises of contacting this module on an 
element that is a continuation of the circuit. Specially 
formed edge terminals are conventionally used that are then 
soldered. eg in the strap soldering method, With a circuit 
board that continues the circuit. As in the case of encapsu 
lated components for surface mounting, the increasing num 
ber of terminals and the drive toWards miniaturiZation leads 
to an ever-smaller terminal grid. This in turn causes dif? 
culties in mounting, from the application of the soldering 
paste in a de?ned manner to the short-circuit-free soldering 
With the soldering strap. 

[0005] With respect to the above-named dif?culties, ball 
grid arrays (BGAs) are increasingly being used both for 
individual chips and for multichip modules, in Which BGAs 
the terminals are distributed in planar fashion and thus in an 
essentially coarser grid than in the conventional forms on the 
underside of the housing. Each of these planarly distributed 
terminals supports one or more humps that can be melted, 
knoWn as balls, Which provide the connection With the 
conductors (circuit) in a melting process (cf. DE-Z produc 
tronic 5, 1994, pages 54, 55). 

[0006] If the Wirings of the multichip modules are manu 
factured in circuit board technology (knoWn as MCM-L), 
the ball grid array can be realiZed easily. Through-contacts 
through the substrate enable a planar arrangement of the 
terminals or of the meltable humps on the underside. Like 
Wise, given multilayer ceramics manufactured in sinter 
technology With a thick layer Wiring (called MCM-C), a 
planar arrangement of the terminals or of the meltable 
humps is possible. 

[0007] If, hoWever, the multichip modules are manufac 
tured by deposition of layers on an unstructured substrate, 
e.g. ceramic (called MCM-D), this substrate Will only out 
Wardly have edge contacts for the connection; i.e., assembly 
as a ball grid array is not possible Without taking further 
steps. 

[0008] From PCT Application WO 89/10005, a chip pack 
aging is knoWn in Which a preformed substrate has a 
receptacle at its upper side for receiving an integrated 
circuit, and has four ribs on its loWer side that project beyond 
the outer edge. A ?exible Wiring, With an opening corre 
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sponding to the receptacle, is applied on the upper side of the 
substrate, and is bent doWnWardly around the ribs such that 
the ends of the individual conductors form terminals in the 
region of the ribs. These terminals, hoWever, are edge 
contacts located underneath; i.e., a realiZation as a ball grid 
array is also not possible in this technique. 

SUMMARY OF THE INVENTION 

[0009] It is an object of the present invention to provide a 
method transforming a substrate With edge contacts into a 
ball grid array in a simple Way. 

[0010] The invention proceeds from a recognition that, 
based on TAB (Tape Automated Bonding) technology, a 
?exible circuit (conductor pattern) ?lm can be manufactured 
With planarly distributed terminals, With the conductors 
leading outWardly from these terminals having exposed 
ends, i.e. the ?exible foil or ?lm that serves as a support 
material is either not present in the end region of the 
conductors or has been removed. A ?exible conductor pat 
tern fashioned in this Way can then be connected With the 
underside of the IC substrate, by bending the edges of the 
conductor pattern up and around the sides of the substrate 
and the ends of the conductors are contacted to the edge 
contacts on the upper side of the substrate. For manufactur 
ing the ball grid array, it is then necessary only to apply 
meltable humps or balls onto the planarly distributed termi 
nals of the ?exible conductor pattern. Thus, the ?exible 
conductor pattern enables processing as a ball grid array, 
With all the advantages that this construction offers over 
?ne-grid edge contacts, particularly in larger siZes. If 
needed, the entire construction can be covered, extrusion 
coated, encapsulated, or provided With a cap. 

[0011] The support ?lm can be provided With a slot 
shaped opening at the end regions of the conductors, Which 
enables a particularly simple construction of the exposed 
ends of the conductors. In the realiZation, proven methods of 
TAB technology can be used. 

[0012] An additional slot-shaped opening can be provided 
in the support ?lm at a region of the ?lm Which Will cover 
a loWer edge of the substrate. This facilitates the bending of 
the ?exible Wiring around the loWer edge of the substrate. 

[0013] The conductor layout of the ?exible circuit can be 
covered With solder resist. By means of the protective action 
of the solder resist, the application of meltable balls and also 
the connection of the ?nished ball grid array With a con 
tinuing circuit are facilitated. 

[0014] An adhesive betWeen the upper side of the ?exible 
circuit and the underside of the substrate enables a simple 
and reliable Whole-surface connection betWeen the upper 
side of the ?exible circuit and the loWer side of the substrate. 

DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs a top vieW of a ?exible circuit 
(conductor pattern) for transforming a substrate With edge 
contacts into a ball grid array in accordance With the 
invention. 

[0016] FIG. 2 shoWs a cross-section through a portion of 
a substrate With edge contacts, Which is transformed into a 
ball grid array in accordance With the invention using the 
?exible circuit shoWn in FIG. 1. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] FIG. 1 shows a top vieW of the lower side of a 
?exible circuit designated FV as a Whole, having a support 
?lm TF, a number of terminals A arranged in a regular grid, 
and conductors L leading outwardly from these terminals A. 
The ?exible circuit FV is manufactured on the basis of TAB 
technology, and the support ?lm TF is correspondingly 
provided With a transport perforation TP on its upper and 
loWer edge respectively. The terminals A, Which form a grid 
array, are arranged inside a square core region of the ?exible 
circuit FV, this core region being indicated in FIG. 1 by a 
dotted line KB. In the embodiment shoWn in FIG. 1, the 
conductor layout of the ?exible circuit FV is designed so that 
the conductors L proceeding outWardly from the terminals A 
are led out in groups from all four sides, and the exposed 
ends E of the conductors respectively emerged via slot 
shaped openings SA of the support ?lm TF. An additional 
slot-shaped opening ZSA is respectively made in the support 
?lm TF betWeen the slot-shaped openings SA, of Which 
there are four in all, and the core region KB. The slot-shaped 
openings SA are disposed at locations in said supporting ?lm 
TF Which Will come to be substantially adjacent to upper 
comers of said substrate S When the support ?lm TF is bent 
upWardly around the sides of the substrate S. The additional 
slot-shaped openings ZSA are substantially parallel to the 
slot-shaped openings SA, and are disposed at a location 
Which Will be substantially adjacent to loWer corners of the 
substrate S, When the support ?lm TF is bent around the 
sides of the substrate S. 

[0018] The support ?lm TF is made of a heat-resistant 
polymer, such as eg polyamide. The manufacture of the 
conductor pattern or layout comprising the terminals A and 
the conductors L can be carried out in conventional tech 
nology, such as eg in additive technology or in subtractive 
technology. The conductor layout consists of an electrically 
conductive material, preferably copper. The regions of the 
terminals A can additionally be provided, if Warranted, With 
a galvanically deposited tin or tin-lead layer. The slot-shaped 
openings S and the additional slot-shaped openings ZSA can 
for example be made in the support ?lm TF by chemical 
physical etching or by laser ablation. It is thereby important 
that the individual conductors L that traverse the additional 
slot-shaped openings ZSA, and the ends E of the conductors 
L emerging via the slot-shaped openings A, are not damaged 
during the removal of material. 

[0019] The ?exible circuit FV described above on the 
basis of FIG. 1 has a structure and design speci?cally for the 
purpose of transforming a substrate With edge contacts into 
a ball grid array. 

[0020] FIG. 2 shoWs a highly simpli?ed representation of 
a cross-section through such a substrate, designated S as a 
Whole, provided in all four edge regions With edge contacts 
RK at a uniform spacing. On the upper side of the substrate 
S, Which is made, for example, of ceramic, there are one or 
more integrated circuits, Which, like the conductors leading 
outWardly to the edge contacts RK, are not shoWn in FIG. 
2. 

[0021] For the transformation of the substrate S With the 
edge contacts RK into a ball grid array BGA, ?rst the upper 
side of the ?exible circuit VF is connected over its Whole 
surface With the underside of the substrate S by means of an 
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adhesive K. This connection surface betWeen the substrate S 
and the ?exible circuit FV corresponds at least approxi 
mately to the core region KB shoWn in FIG. 1, so that the 
four projecting edge regions of the ?exible circuit FV can be 
bent up and around the substrate S. The upWard bending is 
facilitated by the additional openings ZSA and the regions of 
the support ?lm TF, at the loWer edges of the substrate S. In 
the bending of the edge regions of the ?exible circuit FV 
around the upper edges of the substrate S, the free ends E of 
the conductors L are pressed onto allocated edge contacts 
RK, so that an electrically conductive connection can noW 
be created betWeen the ends E and the edge contacts RK. 
This contacting can take place by means of soldering With a 
soldering strap, by laser, infrared radiation, or the like, but 
the solder used must have a higher melting point than the 
temperature occurring in the processing as a ball grid array 
BGA. This contacting can also be achieved using ?ne 
Welding methods, ie thermocompression, thermosonics, 
and ultrasound, or With adhesive methods. After the con 
tacting, edge regions of the ?exible support ?lm TF that are 
still protruding and are not required can be separated if 
necessary. 

[0022] On the underside of the ?exible circuit FV adhered 
to the substrate S, the conductor layout can be covered With 
solder resist LSL except for the planarly distributed termi 
nals A, folloWed by the creation of solder pads by applying 
solder paste, balls, or formed solder parts and melting them. 
A more detailed explanation of the manufacturing of such 
solder pads can be found, for example, in German PS 195 35 
622 or in US. Pat. No. 5, 284,287. 

[0023] With the application of the solder pads or balls, 
designated here as meltable humps H, a processing as a ball 
grid array BGA is possible, With all the advantages that this 
constructive form offers over ?ne-grid edge contacts RK. If 
needed, the overall construction can be covered, injection 
molded, encapsulated or provided With a cap. The last 
named possibility is shoWn in FIG. 2 by means of a 
protective cap designated SK. 

[0024] In the embodiment described above, all four edge 
sides of the substrate are occupied With edge contacts, 
hoWever, the transformation into a ball grid array can also be 
carried out in an analogous fashion if only one edge side is 
occupied With edge contacts, or if tWo or three edge sides are 
occupied With edge contacts. 

[0025] Although modi?cations and changes may be sug 
gested by those skilled in the art, it is the intention of the 
inventors to embody Within the patent Warranted hereon all 
changes and modi?cations as reasonably and properly come 
Within the scope of their contribution to the art. 

We claim as our invention: 

1. A method for transforming an integrated circuit sub 
strate having edge contacts into a ball grid array, comprising 
the steps of: 

providing an integrated circuit substrate having sides and 
an upper surface With edge contacts disposed on said 
upper surface adjacent said edges; 

providing a ?exible circuit having a conductor layout 
supported by a supporting ?lm and having terminals 
disposed in a plane on an underside of said ?exible 
circuit, said conductor layout having conductors pro 
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ceeding outwardly from said terminals With said con 
ductors having exposed ends; 

disposing meltable solder humps respectively at said 
terminals of said ?exible circuit; 

mechanically connecting an upper side of said ?exible 
circuit With said underside of said substrate With said 
?exible circuit projecting beyond said substrate at said 
edges of said substrate; 

bending said ?exible circuit upWardly and around said 
edges of said substrate so that the respective exposed 
ends of said conductors of said ?exible circuit are 
disposed in registration With said edge contacts of said 
substrate; and 

producing an electrically conductive connection betWeen 
said free ends of the respective conductors of said 
?exible circuit and said edge contacts of said substrate. 

2. A method as claimed in claim 1 comprising the addi 
tional step of providing a slot-shaped opening in said 
supporting ?lm of said ?exible circuit at a location in said 
supporting ?lm Which Will be adjacent an upper corner of 
said substrate When said ?exible circuit is bent upWardly and 
around said edges of said substrate. 

3. A method as claimed in claim 2 comprising the addi 
tional step of providing a slot-shaped opening in said 
supporting ?lm of said ?exible circuit at a location Which 
Will be adjacent to a loWer corner of said substrate When said 
?exible circuit is bent upWardly and around said edge 
regions of said substrate. 

4. A method as claimed in claim 1 comprising the addi 
tional steps of: 

providing a ?rst slot-shaped opening in said supporting 
?lm of said ?exible circuit at a region of said ?exible 
circuit Which Will be adjacent an upper corner of said 
substrate When said ?exible circuit is bent upWardly 
and around said edge regions; and 

providing a second slot-shaped opening in said supporting 
?lm of said ?exible circuit at a region of said support 
ing ?lm Which Will be adjacent a loWer comer of said 
substrate When said ?exible circuit is bent upWardly 
and around said edge regions of said substrate. 

5. A method as claimed in claim 1 comprising the addi 
tional step of covering said conductor layout of said ?exible 
circuit With a solder resist, except at said terminals. 

6. A method as claimed in claim 1 Wherein the step of 
mechanically connecting said upper side of said ?exible 
circuit With said underside of said substrate comprises 
attaching said upper side of said ?exible circuit to said 
underside of said substrate With an adhesive. 

7. A ball grid array comprising: 

an integrated circuit substrate having an underside and an 
upper surface With said substrate sides therebetWeen, 
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and a plurality of edge contacts disposed at said upper 
surface adjacent said substrate sides; 

a ?exible circuit having a conductor layout in a supporting 
?lm, said conductor layout including conductors and 
terminals, said terminals being disposed in a plane on 
an underside of said ?exible circuit and having multiple 
solder humps attached thereto, said conductors of said 
conductor layout proceeding outWardly from said ter 
minals and having exposed ends; 

said ?exible circuit having an upper side mechanically 
attached to said underside of said substrate With edge 
regions of said ?exible circuit projecting beyond said 
substrate, said edge regions being bent upWardly and 
around said sides of said substrate in a U-shape With 
said respective exposed ends of said conductors in 
registration With said edge contacts; and 

said exposed ends of said conductors and said edge 
contacts being respectively electrically connected. 

8. A ball grid array as claimed in claim 7 further com 
prising a covering of solder resist on said underside of said 
?exible circuit, leaving said terminals exposed and not 
covered by said solder resist. 

9. A ball grid array as claimed in claim 7 further com 
prising an adhesive attaching said upper side of said ?exible 
circuit to said underside of said substrate substantially 
surface-Wide over said substrate. 

10. A?exible circuit for use in transforming an integrated 
circuit substrate having an upper surface With edge contacts 
into a ball grid array, said ?exible circuit comprising: 

a supporting ?lm carrying a circuit layout having a 
plurality of terminals disposed in a plane With a plu 
rality of meltable solder humps respectively disposed at 
said terminals; 

said conductors of said conductor layout proceeding out 
Wardly from said terminals; and 

said conductors of said conductor layout respectively 
having exposed ends. 

11. A ?exible circuit as claimed in claim 10 Wherein said 
supporting ?lm has a slot-shaped opening therein adjacent 
said ends of said conductors. 

12. A ?exible circuit as claimed in claim 11 Wherein said 
?exible ?lm has a further slot-shaped opening therein, 
spaced from, and substantially parallel to, said slot-shaped 
opening adjacent said ends of said conductors. 

13. A ?exible circuit as claimed in claim 10 further 
comprising a covering of solder resist on an underside of 
said supporting ?lm, leaving said terminals exposed and 
uncovered by said solder resist. 


