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Flexible Leads For Tape Ball Grid Array Circuit 

Field of the Invention 

The present invention relates generally to flexible 
circuit constructions, particularly to tape ball grid 
array (TBGA) flexible circuit constructions, and more 
particularly to the contacts formed on such circuit 
constructions. 

Background of the Invention 

A common packaging construction for an electronic 
device is the so-called quad flat pack wherein an. 
integrated circuit is encapsulated with a polymer for 
protection. The structure is square _with a number of 
flexible leads exiting the encapsulate for connection to 
another electronic component such as a circuit board. 
The flexibility of the leads compensates for differential 
thermal expansion between the polymer comprising the quad 
flat pack and the circuit board and thus largely prevents 
cracking or breakage of the solder joints which connect 
the leads to the circuit board. 

Tape ball grid array {TBGA) devices have been 
proposed as a substitute for the quad flat pack structure 
in order to accommodate integrated circuits with higher 
numbers oe inputs and outputs and to reduce production 
costs. These TBGA devices include a flexible polymeric 
base sheet on which is disposed a metal layer on at least 
one side. The base is typically adhesively attached to a 

.metal stiffener and an array of solder balls are attached 
to the circuitry defined by the metal layer to allow for 
connection to a circuit board. Unfortunately, such an 
arrangement does not allow much flexibility of the solder 
balls relative to the base and so cracking or breakage of 
the solder connection between the solder balls and the 
metal layer of the polymeric base is a problem. 



W097/00537 
- 2 -

1 Improvement of the construction of the TBGA package is 
2 required to match the performance of the quad flat pack. 
3 

4 Sunvnary of the Invention 
s 
6 The TBGA package according to the present invention 
7 is resistant to fatigue stresses which occur in ball grid 
8 

9 

10 

11 

12 

13 

14 

15 

16 

array solder joints during thermal cycling due to 
differences in the coefficient of thermal expansion 
between the package and the board. According to the 
invention, a flexible circuit board is constructed.to 

. . 
include a cantilever beam which spans a via hole at the 
end of the flexible circuitry. A solder ball is attached 
to the cantilever beam by conventional methods. The 
cantilever beam is preferably bent downwardly which 
provides the ball with some mobility relative to the 

17 "flexible circuit. .This added mobility reduces the level 
18 of stress built up during thermal cycling thereby 
19 increasing the durability of the package, and· also 
20 improves coplanarity between the package and the board 
21 which ensures that each ball contacts the solder paste 
22 during surface mounting. 
23 In particular, the invention is a flexible circuit 
24 construction for attachment to solder balls comprising a 
25 flexible polymeric sheet having two major surfaces, at 
26. least one via hole extending through the polymeric sheet, 
27 metal disposed on at least one major surface of the 
28 polymeric layer and defining electrical circuitry 
29 terminating at a lead at the via hole, the lead extending 
30 only part way across the via hole to define a.cantilever 
31 end free to move in directions normal to the major 
32 surfaces of the polymeric sheet. The via hole may be 

33 extended along the lead or the polymeric sheet may be cut 
34 adjacent the lead to increase the effective length of the 
35 cantilever end and thus increase the flexibility and 
36 range of motion of the cantilever end. 
3/ 

38 Brief Description of the Drawings 

; 
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The present invention will be described with respect 

to th~ accompanying drawings, wherein like numbers refer 
to like parts in the several views, and wherein: 

Figure 1 is a cross-sectional view of a flexible 
circuit construction according to the invention with 
solder balls attached thereto; 

Figure 2 is a top plan view of a portion of the 
flexible circuit of Figure 1 showing the end of one 
circuit trace; 

Figure 3 is a cross-sectional view of a portion of 
the flexible circuit of Figure l with a solder ball 
attached and a cross-sectional view of a device for 
manipulating the solder ball after attachment to the 
flexible circuit; 

Figure 4 is a cross-sectional view of the flexible 
circuit of Figure 1 with a solder ball attached showing 
the result of manipulating the solder ball by the device 
of Fig~re 3; 

Figure 5 illustrates an alternate embodiment of a 
flexible circuit according to the invention; and 

Figure 6 illustrates a second alternate embodiment 
of a flexible circuit according to the invention. 

Description of the Pref erred Embodiment 

Figure 1 illustrates a flexible circuit, generally 
indicated as 10, and an environment in which it is 
typically used. The flexible circuit 10 includes a 
polymeric sheet 12, usually of polyirnide, and metal, 
usually copper, disposed on at least one of the major 
surfaces of the sheet 12 to define electrical circuitry 
14. In the illustration of Figure l, the upper layer of 
metal 14 defines signal traces 16 and the lower layer 
defines a ground plane 18. In some instances, the ground plane 18 is not present and so the polymeric sheet 12 
includes only one layer of metal. 
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1 The flexible circuit 10 is typically attached to a 
2 stiffener 20 by means of an adhesive 22. The stiffener 
3 20 lends dimensional stability to the flexible circuit 
4 10. The integrated circuit is typically connected to the 
s signal traces 16 and ground plane 18, by any conventional 
6 means such as wire bonding, thermal compression bonding 
7 or flip chip techniques. . . 
8 The assembly of the flexible circuit 10, its 

9 stiffener 20 and the other components are typically 
10 attached to a conventional printed circuit board. This 
11 attachment is by means of solder bal_ls 24 soldered to the 

12 flexible circuit 10, and in turn mass reflow soldered to 
13 the printed circuit board. Attachment of the solder 
14 balls 24 to the flexible circuit 10 is accomplished by 
15 soldering each ball 24 to the proper circuit trace 16 

16 through a via hole 26 formed in the polymeric sheet 12. 

17 In conventional flexible circuit constructions the 
18 circuit trace 16 spans the via hole 26 and thus is 
19 maintained rigidly in place relative to the flexible 
20 circuit 10. This rigidity results in stresses being 
21 built up in the assembly, particularly at the solder ball 
22 24 solder joints, as the various components change 
23 dimensions as a result of temperature changes. In time, 
24 these stresses result in breakage of the components or 
25 their areas of attachment and may result in failure of 
26 the device. 
27 The present invention is designed to eliminate these 
28 stresses and does so by providing circuit traces 16 which 
29 terminate at the via hole 26 short of completely spanning 
30 the hole 26. As best seen in Figure 2, the circuit trace 
31 16 terminates in an enlarged lead 28 which includes a 
32 cantilever end 30 which extends only part way across the 

33 via hole 26 . 
34 The solder ball 24 is attached to the cantilever end 
35 30 by conventional means and is free to move relative to 
36 the polymeric sheet 12 by virtue of the fact that the 
37 cantilever end 30 can move relative to the sheet 12 
38 unlike circuit traces in the past. The flexibility and 
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1 spring constant of the free end 30 can be adjusted by 
2 choice of the width and thickness of the cantilever end 
3 30. 

4 Figure 3 illustrates a method of increasing this 
5 mobility of the solder ball 24 by bending the cantilever 
6 end 30 into the via hole 26. A fixture 32 includes a 
7 channel 34 sized to accept the solder ball 24. Once 
8 positioned, the fixture 32 is moved relative to the 
9 flexible circuit 10 (to the left as viewed in Figure 3) 

10 to cause the cantilever end 30 to bend to the position 
ll shown in Figure 4. It should be understood that Figure 3 
12 illustrates only one of many solder balls 24 which are 
13 engaged simultaneously. The solder balls 24 are 
14 typically arranged in a number of rows and columns, hence 
15 the 11 array" portion of tape and ball grid array. The 
16 fixture will be built with a series of channels 34 to 
17 accommodate the number of rows of solder balls 24 which 
18 are present in the array. Of course, Figure 3 
19 illustrates only one method of deflecting the solder 
20 balls 24 and others are possible. For example, it would 
21 be possible to deflect the cantilever ends 30 from above 
22 with projections which contact the cantilever ends 30. 
23 The final configuration of the cantilever end 30 and 
24 the solder ball 24 shown in Figure 4 allows the solder 
25 ball 24 to move in the vertical and horizontal directions 
26 to accommodate movement of the components to which it 
27 connects due to thermal effects and to cure any 
28 misalignment of solder balls 24 due to such things as 
29 manufacturing tolerances, differences in size of solder 
30 balls 24 or warpage of the components. 
31 Figure 5 illustrates one method of increasing the 
32 flexibility and range of the cantilever end 30. Here two 
33 cuts 36 are made in the polymeric sheet 12 adjacent and 
34 in the direction of the circuit trace 16. This allows 
35 the sheet 12 to bend in the vicinity of the cantilever 
36 end 30 and add to the motion which is available to the 
37 solder ball 24. 
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1 Figure 6 illustrates another method of increasing 
2 the flexibility and range of the cantilever end 30. 
3 Here, the shape of the via bole 26 is modified in shape 
4 to extend further down the length of the circuit lead 28 
5 and thus increase the free length of the cantilever end 
6 30. 

7 Thus there has been described an improved flexible 
8 circuit construction which provides for movement of 
9 solder balls in tape ball grid array devices and so 

10 reduces the effects of thermal expansion and increases 
11 the ability of the assembly to accommodate misalignment. 
12 Although the invention has been described with respect to 
13 only a limited number of embodiments, it will be apparent 
14 to those skilled in the art that many modifications are 
15 possible. For example, the shape of the cantilever end 
16 30 can vary widely. Also, one cut 36 or differently 
17 shaped cuts 36 can be utilized to increase flexibility of 
18 the cantilever end 3 O rather than the cuts shown in 
19 Figure 5. As a further example, although the cantilever 
20 end is sho~ located on the opposite side of the 
21 polymeric sheet relative to the solder.ball, the lead and 
22 its cantilever end could be located on the same side of 
23 the sheet as the solder ball if a solder mask were used 
24 to define the cantilever ends upon which the solder balls 
25 are subsequently attached. These cantilever ends are 
26. then deflected in a similar manner to that descr.ibed 
27 above. Also, the cantilever end arrangement is not 
28 limited to flexible circuit construction. The principle 
29 is equally applicable to rigid printed circuit boards. 

,. 
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The invention claimed is; 

· 1. A circuit construction for attachment to solder 
balls comprising: 

a base having two major surfaces; 
metal disposed on at least one major surface of said 

base and defining electrical circuitry terminating at a 
cantilever end free to move in directions normal to the 
major surfaces of said base. 

2. A circuit construction according to claim l 
wherein said base is a flexible polymeric sheet including 
a via hole, and wherein said cantilever end spans only a 
portion of said via hole. 

3. A circuit construction according to claim 2 
wherein said cantilever end is bent to extend into said 
via hole toward the major surface of said polymeric sheet 
opposite the major surface on which said metal is 
disposed. 

4. A circuit construction according to claim 2 
wherein said flexible sheet is cut adjacent said via 
hole to allow greater movement of said cantilever end 
relative to the plane of said polymeric sheet. 

.· :· . 

5. A circuit construction according to claim 4 . 
wherein said polymeric sheet includes two cuts extending 
from said via hole adjacent said lead. 

6. A flexible circuit construction according to 
claim 2 further including a second hole through said 
polymeric sheet adjacent and in contact with said via 
hole, said second hole being disposed over said lead to 
increase the extent of said via hole and thus increase 
the length, flexibility and range of motion of said 

·cantilever end. 


