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15 integrated circuit is encapsulated with a polyner for 16 protection. The
structure is square with a nunber of 17 flexible |eads exiting the
€ncapsul ate for connection to 18 anot her el ectionic conponent such as a
circuit board. 19 The flexibility of the | eads conpensates for differenti al
20. thermal ewmormbssm bet ween the pol ynmer conprising the quaRCTUSISPETS pack
and the circuit board and thus |argely prevents 22 cracking or breakage of

t he 'sol der joints whi Cﬁl;&ﬂ)_@%tlzéﬁst ?ﬁ eags Bt Re-i r%laﬁz eabdir 24
Tape ball grid array (TBGA) devices have been proposed as a substitute
for the quad fTat pack structure 26 in order to acconmodate integrated
circuits with 3i ghkel®ofhthecInventionuts and outputs and to reduce -
production 28 gosts. These TBGA devices include a flexible polyneric 29

| .l ayer. on at
base sheet on which is,di Spp%Ssee%taig?rtegtlogyrelates genera&ly to flexible
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6 circuit constructions, particularly to tape ball grid

7 array (TBGA) flexible circuit constructions, and more
* 8 particularly to the contacts formed on such circuit

9 constructions.

10

11 Background of the Invention

12 ' :

13 A common packaging construction for an electronic

14 device is the so-called quad flat pack wherein an

15 integrated circuit is encapsulated with a polymer for

16 protection. The structure is square with a number of

17 flexible leads exiting the encapsulate for connection to
18 another electronic component such as a circuit board.

19 The flexibility of the leads compensates for differential
20 thermal expansion between the polymer comprising the quad
21 flat pack and the circuit board and thus largely prevents
22 cracking or breakage of the solder joints which connect
23 the leads to the circuit board.

24 Tape ball grid array (TBGA) devices have been

25 proposed as a substitute for the quad flat pack structure
26 in order to accommodate integrated circuits with higher
27 numbers of inputs and outputs and to reduce production
28 costs. These TBGA devices include a flexible polymeric
2% Dbase sheet on which is disposed a metal layer on at least
30 one side. The base is typically adhesively attached to a
31 metal stiffener and an array of solder balls are attached
32 to the circuitry defined by the metal layer to allow for
33 connection to a circuit board. Unfortunately, such an

. 34 arrangement does not allow much flexibility of the solder
35 Dballs relative to the base and so cracking or breakage of
: 36 the solder connection between the solder balls and the

37 wmetal layer of the polymeric base is a problem.
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The TBGA package according to the present invention
is resistant to fatigue stresses which occur in ball grid
array solder joints during thermal cycling due to
differences in the coefficient of thermal expansion
10 between the package and the board. According to the
11 invention, a flexible circuit board is constructed to
12 include a cantilever beam which spans a via hole at the
13 end of the flexible circuitry. A solder ball is attached
14 to the cantilever beam by conventional methods. The
15 cantilever beam is preferably bent downwardly which
16 ©provides the ball with some mobility .re.lative 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.

37

38 Brief iption of e Drawings

U O 16 b



E]

[ kage according to the
ry of the Invention 5 6 ~ The TBGA pac _ _
grgseﬁgnrﬁvgntion 7 is resistant to fatlﬁue sfressgaem?gcg Og??;eLgnggglin
i sol der joints during thermal cycling

?Lgdcgef?{gﬁgnt of ternaI expansi on 10 between the package and the gga{g.
According to t WO yvention, a flexible circuit board is i?mgsgg? t%e
12 include a cantil ever beam which spans a via hole at the .len henm by
flexible circuittry. A solder ball is attached =14 to the cantileve
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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
10 circuit trace;
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11 Figure 3 is a cross-sectional view of a portion of
12 the flexible circuit of Figure 1 with a solder ball

13 attached and a cross-sectional view of a device for

14 manipulating the solder ball after attachment to the

15 flexible circuit;

16 Figure 4 is a cross-sectional view of the flexible
17 circuit of Figure 1 with a solder ball attached showing

18 the result of manipulating the solder ball by the device
19 of Figure 3;

20 Figure 5 illustrates an alternate embodiment of a
21 flexible circuit according to éhe invention; and

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

24

25 Description of the Preferred Embodiment

26 .

27 Figure 1 illustrates a flexible circuii:, generally

28 indicated as 10, and an environment in which it is

29 typically used. The flexible circuit 10 includes a

30 polymeric sheet 12, usually of polyimide, and metal,

31 usually copper, disposed on at least one of the major

32 surfaces of the sheet 12 to define electrical circuitry
33 14. 1In the illustration of Figure 1, the upper layexr of

. 34 metal 14 defines signal traces 16 and the lower layer
35 defines a ground plane 18. In some instances, the ground
‘ 36 plane 18 is not present and so the polymeric sheet 12

37 includes only one layer of metal.



18 of stress built up during thermal cycling thereby 19 increasing the
durability of the package, and al so 20 i nproves coplanarity between the
package and the board 21 which ensures that each ball contacts the sol der
paste 22 during surface nounting. 23 In particular, the invention is

a flexible ciyeuriess4 construction for attachment to sol der HETNUSHEHEITS
conprising a 25 flexible polyneric sheet -having two naj or surfaces, at 26
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pol ymeri c sheet vVl a 6y
signal traces 16 and ground plane 18, by any conventional

means such as wire bonding, thermal compression bonding
or £lip chip technlques.

The assembly of the flexible circuit 10, its
stiffener 20 and the other components are typically
10 attached to a conventional printed circuit board. This
11 attachment is by means of solder balls 24 soldered to the
12 flexible circuit 10, and in turn mass reflow solderéd 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 c¢ircuit 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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33 extended along the | ead or the polyneric sheet may be cut 34 adjacent
the lead to increase the effective length of the 35 cantilever end and thus
iFncrease the flexibility and 36 range of notion of the cantilever end. 37
38 Brief Description of the Draw ngs WO 97/ 00537
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I nvention will be described with respetﬁ'ﬂ to the acconpanying dramﬁngs
wherein |ike murT%ﬂngeESﬁséaﬁQ of khePFrbs LRAtHE é@r\/%é"a hetea Bpd
wherein: 5 2 choi euerceaf tiae wi t'[l? sa%ds %ﬁlc less og the cantll eveal‘:eend
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 positigh'
11 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 columms, hence
15 the "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 Dball 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 1in 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.



6 circuit construction according to the invention with 7 solder balls

attached thereto; 8 Figure 2 is a top plan view of a portion of the
9 flexible circuit of Figure 1 showing the end of one 10 circuit trace; 11
Figure 3 is a cross-sectional view of a portion of 12 the flexible circuit

of Figure 1 widpongess der ball 13 attached and a cross-sect PEWESO6EY of a
device for 14 nmanipulating the solder baPl™ after attachnent to the 15

HeXI B: e clzl7rCLut 16 Figure G Q.llrl%s‘ﬂ:ﬁh%eé laﬁeéﬁeﬁﬁ:@ﬂnatmloﬁvgﬁwﬁeasa 8 4
thg)“resﬁlt ofC Cgbﬁl gi?’#dg'ttﬁﬁg:ys&'ﬂtelra%g%? g EP%E 353?3:1 S'Cefg §f Pgure 3;
20 Fi gu? e BHeirel uthe sthepenofaltier Natiehel:bo'&ﬁ rgnmogfified in shape

4 to extend further down the length of the circuit lead 28
and thus increase the free length of the cantilever end
30.

Thus there has been described an improved flexible
circuit construction which provides for movement of
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 30 rather than the cuts shown in '
19 Pigure 5. As a further example, although the cantilever
20 end is shown 1ocated 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 described
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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21 flexibl e it 3iiGhang to the invention; and 22 _ Figgre 6
i1l ustrat eselallmﬁﬂlﬂcllﬁﬂﬂmmﬂe e”bgd“m“*—%—"" AT ' Egm' jexi bl e Chr‘é‘rﬂ)odi ent
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26 27 Figure 1 illustrates al fl exiREPEAGED cuit | generally

i ndi-cated as 1®osmes3an environment =TT WHTTH 1T 1S 29 typi ;:?id-m]!m .The
flexible circuit 10 includes a 30 polymefi€ sheet 12, usually o X

[ | east one of the
i m dlretZde id¥entsonl J:Yaw%%. di sposed on at | _
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he illustration of Figure 1, the upper I{;}yer o]
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some instances4 tmlls0uBliprising:
5 a base having two major surfaces;

*

6 metal disposed on at least one major surface of said
7 base and defining electrical circuitry terminating at a
i 8 cantilever end free to move in directions normal to the
9 major surfaces of said base. .
10
. 11 2. A circuit construction according to claim 1

12 wherein said base is a flexible polymeric sheet including’
13 a via hole, and wherein said cantilever end spans only a
14 portion of said via hole.

15

16 3. A circuit construction according to claim 2

17 wherein said cantilever end is bent to extend into said
18 via hole toward the major surface of said polymeric sheet
13 opposite the major surface on which said metal is

20 disposed.

21

22 4. A circuit construction according to claim 2

23 wherein said flexible sheet is cut adjacent said via
24 hole to allow greater movement of said cantilever end
25 relative to the plane of said polymeric sheet.

26

27 5. A circuit construction according to claim 2 .
28 wherein said polymeric sheet includes two cuts extending
29 from said via hole adjacent said lead.

30

31 6. A flexible circuit construction according to

32 claim 2 further including a second hole through said

33 polymeric sheet adjacent and in contact with said via

. 34 hole, said second hole being disposed over said lead to
35 increase the extent of said via hole and thus increase
5 36 the length, flexibility and range of motion of said
37 "cantilever end. -
- This:Sheet Has Been

T



36 plane 18 is not present and so the polynerlc sheet 12 37 includes only
one | ayer of netal. WO 97/ 00537 © |

PCT/ US96/ 06373 - 4 - 1 The flexibl'e éircuit 10 is typically attached
to a2 stiffener 20 by neans of an adhesive 22. The stiffener 3 20 |ends
di mensi onal swadd7gessy to the flexible circuit 4 10. The i nt RETAUKIIOENTI Ccui t
is typically connected to the 5 signal traces 16 and ground pl ane 18, by
any conventional 6 means such as wire bonding, thermal conpression bondi ng
7 .or flip chip techniques. 8 The asaegbly of the flexible circuit
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9 stiffener 20 and the other conponents are typically 10 attached to a
conventional printed circuit board. This 11 attachnent is by neans of

sol der balls 24 soldered to the 12 flexible circuit 10, and in turn nass
reflow soldered to 13 the printed circuit board. Attachment of the sol der
14 balls 24 t vo#messrexi ble circuit 10 is acconpllshed by 15PCTUSNMNNY) each
ball 24 to the proper circuit trace 16 16 through a via hole 26 forned in
the polymeric sheet 12. 17 In conventional flexible circuit constructions
the 18 circuit trace 16 spans the via hopg 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 thg,asssgbly, particularly at the
sol der ball 22 24 sol der jOIntS s1$h‘ conponents change 23

di nensions as a result of teq '
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ﬁ4 these stresses result in breakage of the conponents or 25 their areas of
atfachment and may result i RATENTr€O@PERATHONETREAT 27 The present
Lrivention is designed to elininate these 28 stresses and dpg
providing circuit traces 16 which 29 tP "HRte at the via [WBEER6 ghs@%}p
conpl etely spanning 30 the hole 26. As best seen in Figuré Z;-the-Ci i
trace 31 16 ternmnates in an enlarged | ead 28 which includes:ia:32 - . -
cantilever end 30 whi chINKERNATHONALPRELEVINAR YaEX AXENATONSBREPORThOl ¢ 26. 38T
The solder ball 24 is attached to the cantilever end 35 30 by conventi onal~—-
means and is free to nove relative t 836 FHE FotdBric sheet 12 by virtue

of the fact that the 37 cantilever end 30 can nove relative to the sheet 12
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constant of the free end 30 can be adjusted by 2 choice of the width and

tthi ckness of the cantilever end 3 30. 4 Fi gure 3 Intdrusippliation ¥.
met ho?“@ﬁdl N \ rhi er ball | t he
cantilever _%Eigﬁgt%gk?#ttglﬁﬁ%%y‘%@ggﬁhﬁ'ﬁﬁ%xture 32"?%%%52855?9

channmetr—3z—sizedto0 acceptthe sotder—tatt—24——0Once 8 posT tToned;—the
fi Xt uf,epasdd of SheliéRd 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

positTon IT- shown In Figure 4. Tt should be understood that Flgure 3
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(x] the drawings, sheets/fig 1/2-2/2 - , as originally filed,
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f2‘i||ustrates only one of many solder balls 24 which are 13 engaged
sjnultaneously The solder balls 24 are 14 typically arranged in a nunber
»rows and colums, hence 15 the "array" portion of tapéMdethmﬁmgmod
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the a

the sol der 20 bald(s q&nam@Tothers are possible. For exanple, it would 21 be
possi bl e to defl ect the cantil ever ends 30 from above 22 with projections
whi ch contact the cantilever ends 30. 23 The final configuration of

the cantilever amg Jthendthedvts honcerted bald thé FQwdwimg:i gure 4 all ows
the solder 25 ball 24 to nove in the vertical and horizontal directions 26
to accomodat e novenent of the conponents to which it

The term "cut" used in original claims 4 and 5 as well

as the description has been replaced in present claim 1
by the term "elongate slit".

If at all, an elongate slit is dlsclosed only in the
context of figure 5 and the corresponding description in
combination with the information given on page 6, lines
16-19. This disclosure refers exclusivély to a cut ex-
tending from the via hole "adjacent and in the direction
of the circuit trace" (cf. page 5, lines 33-34). With-
out the definition of these features in claim 1, the
term "elongate slit" introduces added subject-matter.

None of the original claims specifies a solder ball
forming part of the cirduit. The disclosure given by
the original description refers to a circuit comprising
a solder ball only in the context of a tape ball grid
array circuit having a plurality of via holes and cor-
responding cantilever ends with solder balls arranged in
an array of rows and columns. The claims presently on
file do however not define a TBGA circuit.

In this context it is also noted that the original
claims do not refer to a flexible circuit "for attach-
ment to a printed circuit board" and that such a circuit
is disclosed only as a TBGA circuit.

There is also no disclosure for the definition "on an
opposite side of sa1d conductive trace", as comprised in
present claim 2. '

Form PCT/IPEA/409 (sheet 2) (January 1994)
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1. STATEMENT
Novelty (N) ' Clains 1,2 , YES
Claims . ' Mo
Inventive Step (IS) Clains : YES
Claips 1,2 ' __ ko
Industrial Applicability (IA) Clains 1,2 YES
' Claius ' NO

"2, CITATIONS AND EXPLANATIONS
1. Reference is made to thé following documents :

D1 : DE-A-44 17 679,

D2 : PATENT ABSTRACTS OF JAPAN, vol. 11, no. 209
- (E-521), 5 July 1987 & JP-A-62 030 342,

D3 : EP-A-0 532 898, and

D4 : US-A-5 203 075.

2.  The application does not satisfy the criterion set forth
in Article 33(3) PCT because the subject-matter of
claims 1 and 2, as far as it is understood and based on
the original disclosure, does not involve an inventive
step (Rule 65(1)(2) PCT).

2.1 A "flexible circuit" (in the form of a TAB tape) being
suitable for_attachment to a printed circuit board and
comprising a base of a flexible polymeric sheet having
fwo major surfaces, a via hole through the base, and a
conductive trace disposed on a first major surface of
the base and terminating at a cantilever end spanning

Porn PCT/IPEA/409 (sheet 3) (January 1994)



1 - Figure 6 illustrates another nethod of increasing 2 the
flexibility and range of the cantilever end 30. 3 Here, the shape of the
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12 Al t hough t he Jaxlghtdisiplreedde Ft@xtanded nfia HFhesathale i3 &iopm
limted nunber afrciripdi(SRiY Sin idarMildulls aHaradtrket tdhd AgRudd [l ed in
the art that nag%Hqulflcatlons are 15 possi ble. For exanple, the shape of
t he cantil ever *

9 N SABVAA Y L+ 1D

The subject-matter of claim 1 (even if properly
clarified and based on the original disclosure) differs
from the known circuit only in that

a) an elongate slit is provided in the base, terminating
at the via hole (adjacent and in the direction of the
trace); and | |

b) a solder ball is attached to the cantilever end from
the second major surface.

It is noted that no difference can be seen in the in-
tended attachment of the claimed circuit to a printed
circuit board because such a use does not define any
structural difference cémpared to the attachment to any
other circuit element (as for instance a semiconductor
wafer or chip). A circuit element suitable for attach-
ment to a printed circuit board is also suitable for at-
tachment for instance to a semiconductor chip and vice
versa.

Apart from that it is noted that a TAB circuit having
cantilever ends of conductive traces above via holes in-
tended for bonding to circuit boards is known from D3
(see in particular figure 8 with the corresponding de-
scription showing "outer lead"” 65 with cantilever ends).

Feature a) serves for the purpose of further increasing
the flexibiiity of the free cantilever end in order to
avoid mechanical stresses to the solder connection upon
bonding of the solder ball, whereas feature b) elimi-"
nates the need to form the solder ball on the contact
area to which the cantilever end will eventually be
bonded.
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sheet relative to the solder ball, the lead and 22 its cantilever end could
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principle 29 'Sd%%%@lb&l%ﬂphhﬁaHBep%QtﬁbQﬁQrpmbﬁ%ﬂ%dﬁéwgﬁhksho%rqﬁ fig-
ure 6).
Feature b) concerns a widely practised alternative for
the placement of the solder ball in solder connections
between TAB tape circuits and contact areas (on chips or
printed circuit boards).

Therefore, a skilled person, being faced before the pri-
ority date of the present application with the desire to
further reduce stresses in a solder connection between
the cantilever end of the trace of the circuit known
from D2 and a contact area and having to prepare the
circuit so that the trace can be solder bonded to a con-
tact area which is not equipped with a solder ball,
would have found a solufion in document D1 so that he
would not have had to exercise any inventive skill in
order to arrive at the subject-matter of claim 1.

2.2 Even if claim 1 were amended so as to define a tape ball
grid array circuit device as disclosed in the descrip-
tion on file, it would still not define inventive
subject-matter.

A tape ball grid array circuit device with circuit leads
(traces) spanning or traversing via holes extending
through the flexible tape base is known from D4 (see .in
particular the abstract; figures 1, 2, 7 and 8 with the
corresponding description; and coiumn’3, lines 10-16).
No exercise of inventive skill would have been required
to modify the TAB circuit in the device according to D4
in a manner as rendered obvious for TAB circuits from
documents D1 and D2, i.e. of using a TAB circuit in
which the cantilever parts of the traces extending over
the via holes span only a portion of the hole, once the
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The invention clainmed is: 2 3
attachnment to solder 4 balls conprising: 5
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1. Acircuit construction for
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base and defining electrical circuitry termnating at a 8 cantil ever end

free to nove in directions normal to the 9 major surfaces of sard base:
A cskilled cpessonchadnobsepved nintoletabbe Istresses in the

11

2.

solder bonds of the known TBGA circuit device.

This-is all the more true as D4 (cf. column 6, lines
22-50) informs the skilled reader about the possibility
that the traces, onto which solder balls are attached in
the area of the via holes, do not have to completely
traverse the via hole.

In view of the teaching given by D1 from which it is
known to increase the flexibility and range of motion of
a cantilever end of a conductive trace by additional
holes in the supporting base, the additional feature
recognizable from claim 2 is regarded as constituting a
simple and straightforward design option to which the
skilled person had resorted without exercising inventive
skill.

»
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12- wherein said base is a flexible pol ymeric sheet including 13 a via
hol e, and wherein said cantilever end spans only a 14 portion of said via

hale. 15 16 3. Acircuit construction according éolgb@lﬁbﬁﬁﬁ%nNo |
mherel régggg 3% sai 1 via hol e towar
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aCCOfdﬂﬂgkhﬁmeﬁhﬁh&s%ﬁﬂm la“fﬁgﬂflobeXIble sheet is cut adjacent said

via 24 hole to allow greater nove said cantilever end 25 relative

to the prane of Said pol ymeric sheet—26
The following observations on the clarity of the claims, description, and drawings or on the question whether the

clains are fully supported by the description, are made:

The application does not meet the requirements of Ar-
ticle 6 PCT in various respects.

The claims do not refer to a tape ball grid array device
or package and thus do not address the problem indicated
on page 1, line 24 - page 2, line 2 of the description.
In this respect the subject-matter of the claims is also
not supported by the descrlptlon (see in addition page
2, lines 6-14).

- Moreover the definition referring in claim 1 to the
"elongate slit" defines a result to be achieved without
specifying in a clear and unambiguous manner the loca-
tion, orientation and extension of the slit which allow
to achieve the desired result.

The phrase "on an opposite side of said conductive
trace" given in claim 2 is unclear.

The description is not in accordance with the subject-
matter of the claims. This applies in particular to the
introductory part on pages 1 and 2, to figures 2 and 6
with their corresponding description, and to the state-
ments given on page 6, lines 19-29.
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pol yneric sh ts extending 29 from m H mmmi acent

said | ead. 3Q 1 exible circuit constr " #ﬂﬂ u 0.32
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claim2 furtRer
adj acent and}ir id via 34 hole, said second hole being

di sposed over] s i ncrease th éxtent of said via hole and
thus increasd 36 the length=—Plexibility and range of notion of said 37

cantil ever end.

CLATIMS

1. A flexible circuit for attachment to a printed
circuit board, said flexible circuit comprising:

- a base comprising a flexible polymeric sheet,
said base having two major surfaces,

- a via hole through said base,

- a conductive trace disposed on a first major
surface of said base and defining electrical
circuitry terminating at a cantilever end
spanning a portion of said via hole and being
free to move in directions normal to the major
surfaces of said base, said cantilever end being
angularly displaced from said conduc¢tive trace
to extend into said via hole,

- an elongate Sllt terminating at one end thereof
at said via hole to permit greater movement of
said cantilever end relative to the plane of
said flexible polymeric sheet, and

_ a solder ball attached to said cantilever end
from a second major surféce of said base such
that a subsequent attachment of a printed
circuit board to said flexible circuit from said
second major surface will accommodate physical
dlsplacement of sald flex1b1e circuit and said
printed c1rcu1t board

2. The flexible circuit according to claim 1, wherein
said flexible polymeric sheet includes two elongate
slits each terminating at one end thereof at said via
hole and each extending from said via hole on an
opposite side of said condﬁétiye trace to allow

, greéter movement of said cantilever end relative to
the plane of said flexible polymeric sheet. -

AMENDED SHEET



