
WIRE LOOP, SEMICONDUCTOR DEVICE HAVING SAME AND WIRE
BONDING METHOD  BACKGROUND OF THE INVENTION S 1. Field of
the Invention The present invention relates to a wire bonding method  for
connecting a first bonding point and a second bonding  point through a
wire, a wire loop having a certain shape and  a semiconductor device
having such a wire loop incorporated  10 therein. 2. Description of the
Related Art Conventionally, in a process of fabricating a  semiconductor
device, as shown in Fig. 5A or 5B, wire bonding  for connecting a pad 2a
or a first bonding point A of a 15 semiconductor chip 2 attached to a lead
frame 1 and a lead is  or a second bonding point Z of the lead frame 1
through a  wire 3 has been carried out. Typically, loop shapes of the  wire
3 connecting the first and second bonding points A and Z  include a
trapezoidal shape and a triangular shape shown in 20 Figs. 5A and 5B,
respectively, as disclosed, for example, in  U.S. Patent No. 6,036,080 or
Japanese Patent Application  Laid-Open Publication No. 2000-277558.
The wire loop having a trapezoidal shape shown in 5A is  formed by a
sequence of steps as shown in Fig. 6. First, in  25 step (a) of Fig. 6, a
capillary 4 through which the wire 3 passes is lowered and a ball 30 which
has been formed at a  tip end of the wire 3 is bonded to the pad 2a of the
chip 2  



or first bonding point A. Then, in step (b) of Fig. 6, the  capillary 4 is
vertically raised to a point B while the wire 30 3 is delivered. Thereafter, in
step (c) of Fig. 6, the  capillary 4 is horizontally moved to a point C in a
direction  opposite from the second bonding point Z. In general, such an
operation of the capillary 4 to be  moved in the direction opposite from the
second bonding point 2  Z is referred to as a "reverse operation". As a
result, the  portion of the wire 3 between the points A and C is formed to
be inclined and the wire 3 is formed at an upper end of the  inclined
portion thereof with a kink 3a by a lower end of the 5 capillary 4. The
portion of the wire 3 between the points A  and C thus delivered
corresponds to the height of a neck  portion H (or a portion of the wire 3
between the pad 2a and  the kink 3a) and will constitute the neck portion
H shown in  Fig. 5A. 10 Subsequently, in step (d) of Fig. 6, the capillary 4
is  vertically raised to a point D while the wire 3 is delivered.  Then, in step
(e) of Fig. 6, the reverse operation of the  capillary 4 is performed again,
i.e. the capillary 4 is  horizontally moved to a point E in the direction
opposite 15 from the second bonding point Z. As the result of this  reverse
operation, the wire 3 has another inclined portion  extending between the
points C and E, and a kink 3b is formed  in an upper end of this inclined
portion of the wire 3. 



This inclined portion of the wire 3 thus delivered will  20 constitute an
upper base portion L (or a portion of the wire  3 between the kinks 3a and
3b) of the wire loop having a  trapezoidal shape shown in Fig. 5A.
Thereafter, in step (f)  of Fig. 6, the capillary 4 is vertically raised to a point
F  so that the wire 3 is delivered by a length corresponding to 25 a long
inclined portion S (or a portion of the wire 3 between  the kink 3b and the
lead la) of the wire loop shown in Fig.  5A. Subsequently, the capillary 4 is
lowered to the second  bonding point Z via positions fl and f2, so that the
wire 3  is bonded to the second bonding point Z or the lead la. 30 The wire
loop having a triangular shape shown in 5B is  formed by a sequence of
steps as shown in Fig. 7. Since the  wire loop having a triangular shape is
not provided with an  upper base portion (L) unlike the wire loop having a
trapezoidal shape described above, in forming the wire loop 3  of a
triangular shape, the second reverse operation in steps  (d) and (e) of Fig.
6 is not conducted. Therefore, in this  instance, a step that corresponds to
the steps (d), (e) and  (f except for f], and f2) of Fig. 6 is carried out only in
5 step (d) of Fig. 7. More particularly, steps (a), (b) and  (c) of Fig. 7 are
the same as the steps (a), (b) and (c) of  Fig. 6, and after the first reverse
operation in step (c) of  Fig. 7, the capillary 4 is vertically raised to a point
F in  step (d) of Fig. 7 while the wire 3 is delivered. 



10 Subsequently, in step (e) of Fig. 7, the capillary 4 is moved  via
positions el and e2 in a manner similar to that in step  (f) of Fig. 6, with the
result that the wire 3 is bonded to  the second bonding point Z or the lead
la. When a wire loop is formed by such a bonding method, a  15 wire
connection at the second bonding point Z or on the lead  is has a crescent
shape as the result of crushing with an end  portion of the capillary, so that
there is a possibility that  the wire connection cannot maintain an
adequate pull strength.  For this reason, a bonding method called security
20 bonding has been proposed which performs ball bonding with  respect
to the top of the end-bonded wire. As described in  Japanese Patent
Application Laid-Open Publication No. 57- 12530, this method comprises
bonding a wire to a second  bonding point, then cutting the wire and
forming a ball at 25 the tip of the wire and finally bonding the ball onto the
second bonding point again from above. After the ball  bonding, the wire is
cut as is or end bonding is performed at  a point which does not overlap
the ball bonded position. In the aforementioned security bonding method,
however,  30 after wire bonding with respect to the second bonding point,
the wire is cut and then a ball is newly formed at the tip of  the wire,
followed by ball bonding with respect to the second  bonding point,
resulting in the method being time-consuming. 4  SUMMARY OF THE
INVENTION 



The present invention has been made in view of the foregoing
disadvantages of the prior art. Accordingly, one embodiment of the
present invention to  provide a wire loop having a certain shape which is
capable of  enhancing a wire bonding strength at a second bonding point
and  reducing the time to perform wiring. An alternate embodiment of the
present invention provides a  semiconductor device having said wire loop
incorporated therein. A further embodiment of the present invention
provides a wire  bonding method capable of forming said wire loop. A first
aspect of the present invention provides a wire loop  comprising a wire
connecting a first bonding point and a second  point therefore, the wire
being bonded to the first bonding point  and then bonded to the second
bonding point, characterized in  that: An additional wire loop is formed at
an extended portion of  the wire wire-bonded to the second bonding point
without cutting  the wire, the additional wire loop being bonded to the
second  bonding point or to the vicinity thereof while part of the wire is
crushed, the additional wire loop having a folded portion located  on a side
of the second bonding point nearer to the first bonding  point. In a
preferred embodiment of the present invention, a  plurality of the
additional wire loops may be formed and bonded to  the second bonding
point or to the vicinity thereof. A second aspect of the present
invention,provides a method of  



wire bonding between a first bonding point and a second bonding  point,
characterized in that: the method comprises the steps of: (a) bonding a
wire to the first bonding point; (b) then forming a wire loop extending from
the first  bonding point to the second bonding point by performing loop
control involving a vertical or horizontal movement of a  capillary or a
motion of the capillary combining both wherein the 4a  capillary passes
through at least one point which has been set; (c) thereafter bonding the
wire to the second bonding point;  (d) the forming an additional wire loop
by delivering the  wire while performing loop control involving a motion of
the  capillary combining vertical and horizontal movements thereof
wherein the capillary passes through at least another point, which  has
been set, thereby the additional wire loop having a folded  portion located
on a side of the second bonding point nearer to  the first bonding point;
and (e) subsequently bonding the additional wire loop to the  second
binding point or to the vicinity thereof while part of the  wire is crushed. 5
In the above steps, the term "at least one point which has been set"
means "n" points ("n" indicating a natural number) that  are each set on
the coordinate axes (X, Y, Z) in advance as a  passing point of the
capillary during its movement. 



In the bonding method of the present invention, the steps  (d) and (e) may
be alternately repeated a plurality of times, so  that a plurality of the
additional wire loops are formed and  bonded to the second bonding point
or to the vicinity thereof. A third aspect of the present invention provides a
semiconductor device comprising: a first bonding point; a second bonding
point; and a wire loop including a wire connecting the first bonding  point
and the second bonding point therethrough, the wire being  bonded to the
first bonding point and then bonded to the second  bonding point,
characterized in that: the wire loop includes an additional wire loop that is
formed  at an extended portion of the wire wire-bonded to the second
bonding point without cutting the wire, the additional wire loop  being
bonded to the second bonding point or to the vicinity  thereof while part of
the wire is crushed, the additional wire  loop having a folded portion
located on a side of the second  bonding point nearer to the first bonding
point. 5a  In a preferred embodiment of the present invention, the wire
loop of the semiconductor device may be arranged in such 6  a manner
that a plurality of the additional wire loops are  formed and bonded to the
second bonding point or to the  vicinity thereof. 



It is thus possible according to the present invention  5 to provide a wire
loop having a certain shape which enhances  a wire bonding strength at
the second bonding point and which  is capable of reducing the time to
perform wiring, a semiconductor device provided with such a wire loop
and a  wire bonding method. 10 BRIEF DESCRIPTION OF THE
DRAWINGS These and other objects and many of the attendant
advantages of the present invention will be readily  appreciated as the
same becomes better understood by 15 reference to the following detailed
description when  considered in connection with the accompanying
drawings;  wherein: Fig. 1A is an elevational view showing an embodiment
of  a semiconductor device according to the present invention and  20 a
shape of a wire loop thereof; Fig. 1B is an elevational view showing
another  embodiment of a semiconductor device according to the present
invention; Fig. 2 is a schematic diagram showing the steps for  25 forming
a wire loop having a shape shown in Fig. 1A;  Fig. 3 is a schematic
diagram showing the steps for forming a wire loop having a shape shown
in Fig. 13; Figs. 4A and 4B are elevational views each showing an
example of a wire loop having a shape like an approach and  



30 landing of an aircraft; Figs. 5A and 5B are elevational views showing
conventional wire loops having a trapezoidal shape and a  triangular
shape, respectively; Fig. 6 is a schematic diagram showing wire shapes in
7  respective steps in association with the movement of the  capillary to
form the wire loop of a trapezoidal shape shown  in Fig. 5A; and Fig. 7 is a
schematic diagram showing wire shapes in  5 respective steps in
association with the movement of the  capillary to form the wire loop of a
triangular shape shown  n Fig. 58. DETAILED DESCRIPTION OF THE
INVENTION 10 Now, a wire loop, a semiconductor device and a wire
bonding method according to the present invention will be  described
hereinafter with reference to the accompanying  drawings in which like
parts in each of the several figures  are identified by the same reference
character or numeral. 15 Referring first to Fig. 1A, an embodiment of a
wire  loop and a semiconductor device 10 having the wire loop
incorporated therein according to the present invention is  illustrated. In
the semiconductor device 10, a semiconductor  chip 2 is attached to a
lead frame 1 and is provided thereon 20 with a pad 2a which is a first
bonding point A. The wire  loop of a wire 3 is formed to have a trapezoidal
shape in  



general and includes a neck portion H having a ball 30 bonded  to the pad
2a or first bonding point A and a major portion  consisting of a horizontal
upper portion L and an inclined 25 portion S which has an end bonded to
a lead la of the lead  frame 1 or a second bonding point Z. The horizontal
upper  portion L of the wire loop is provided at the opposite ends  thereof
with kinks 3a and 3b. The above configuration of the illustrated
embodiment  30 is approximately the same as that of a conventional
semiconductor device. However, the illustrated embodiment  has a major
feature in an area in the vicinity of the second  bonding point Z. More
specifically, after wire bonding at the second 8  bonding point, an
additional wire loop is formed without  cutting the wire, and bonding is
carried out at the second  bonding point or in the vicinity thereof while part
of the  wire is crushed. This allows the semiconductor device 10 to 5 have
a wire loop provided with an enlarged bonding area at  the second
bonding point. A description will be given next of an embodiment of a  wire
bonding method according to the present invention for  obtaining the
semiconductor device 10 shown in Fig. lA and a 10 shape of the wire loop
formed by the method with reference to  Fig. 2. In step (a) of Fig. 2, the
capillary 4 is lowered, so  



that a ball 30 formed on the tip of the wire 3 is bonded to  the first bonding
point A. Then, in step (b) of Fig. 2, the 15 capillary 4 is vertically raised to
a point B while the wire  3 is delivered. Thereafter, in step (c) of Fig. 3, a
reverse operation  of the capillary 4 is carried out, i.e. the capillary 4 is
horizontally moved in a direction opposite from the second 20 bonding
point Z to a point C. As a result, a portion of the  wire 3 is slanted from the
points A to C, and a kink 3a is  formed at an upper end of the slanted
portion of the wire 3. The portion of the wire 3 from the points A to C
constitutes the neck portion H (between the pad 2a and the  25 kink 3a)
shown in Fig. lA. Thereafter, in step (d) of Fig. 2, the capillary 4 is
vertically raised to a point D while the wire 3 is delivered.  Subsequently,
in step (e) of Fig. 2, the capillary 4 is moved  horizontally again to a point
E in the direction opposite 30 from the second bonding point Z, i.e.,
another reverse  operation is carried out. This renders the wire 3 slanted
from the points C to E and having another kink 3b formed at  an upper end
of this slanted portion of the wire 3. The portion of the wire 3 from the
points C to E 9  constitutes the upper portion L (between the kinks 3a and
3b)  of the trapezoid shown in Fig. 1A. Thereafter, in step (f)  of Fig. 2, the
capillary 4 is vertically raised to a point F  



so that the wire 3 is delivered by a length which corresponds 5 to the
inclined portion S of the wire 3 extending between the  kink 3b and the
lead Is. Then, in step (f) of Fig. 2, the  capillary 4 is lowered via positions
f1 and f2 to be located  at the second bonding point Z, whereby the wire 3
is bonded  to the second bonding point Z. 10 Though in a conventional
wire loop of a trapezoidal  shape, the wire 3 is cut here, the capillary 4 is
vertically  raised to a point G in step (g) of Fig. 2 in the embodiment  of the
present invention while the wire 3 is delivered. Next,  in step (h) of Fig. 2,
the capillary 4 is horizontally moved 15 to a point H in the direction toward
the first bonding point  A so as to move away from the second bonding
point Z. This  renders the wire 3 slanted from the lead la to the point H.
Thereafter, in step (i) of Fig. 2, the capillary 4 is vertically raised to a point
I while the wire 3 is delivered.  20 Then, in step (j) of Fig. 2, the capillary 4
is horizontally  moved to a point J in the direction toward the second
bonding  point Z. Next, in step (k) of Fig. 2, the capillary 4 is  lowered, so
that the wire 3 is wire bonded onto the second  bonding point Z or to the
vicinity thereof. 25 It is to be noted that steps (g) to (k) of Fig. 2
correspond to the steps (d) and (e) claimed in the claims of  the present
invention. Performing these steps forms an  additional wire loop P and
crushes part of the wire 3, to  thereby enlarge the bonding area at the
second bonding point 



30 Z, resulting in a bonding strength at the second bonding  point being
enhanced. It is to be noted that steps (g) to  (k) of Fig. 2, i.e. the claimed
steps (d) and (e) may be  repeated a plurality of times. In carrying out the
above steps, loop control is 10  performed by setting, in advance, a
plurality of passing  points n1, n2, n3,... of the capillary 4 during its
movement  on the coordinate axes (X, Y, Z) as shown in Fig. 1A. The
method of the present invention, while enabling a  5 bonding strength of
the same level, ensures a reduction of  the time to form a wire loop, as
compared with security  bonding - a conventionally proposed method -
that comprises  bonding a wire to the second bonding point, then cutting
the  wire and newly forming a ball at the tip of the wire, and 10 finally ball
bonding to the second bonding point again from  above. Now, a
description will be given of another embodiment  of the wire bonding
method according to the present invention  for obtaining a semiconductor
device 10 as shown in Fig. lB 15 and a shape of the wire loop formed by
the method with  reference to Fig. 3. Steps (a) to (f) in Fig. 3 are the same
as steps (a) to  (f) in Fig. 2, and so their description will be omitted.
Differences lie in steps (g) to (k) shown in Fig. 3. More 20 specifically, in
step (f) as shown in Fig. 3, the capillary 4  



is lowered via positions f1 and f2 to be located at the  second bonding
point Z and the wire 3 is bonded to the second  bonding point Z.
Thereafter, in step (g) of Fig. 3, the  capillary 4 is vertically raised to a
point G while the wire 25 3 is delivered, and in step (h) of Fig. 3, the
capillary 4 is  horizontally moved to a point H1 in the direction away from
the first bonding point A. This renders the wire 3 slanted.  Then, in step (i)
of Fig. 3, the capillary 4 is vertically  raised to a point I1 while the wire 3 is
delivered. Then, in 30 step (j) of Fig. 3, the capillary 4 is horizontally
moved to  a point J1 in the direction toward the first bonding point A  (or
second bonding point Z) Next, in step (k) of Fig. 3,  the capillary 4 is
lowered, so that the wire 3 is wire bonded  to the second bonding point Z
or to the vicinity thereof. 11  It is to be noted that steps (g) to (k) of Fig. 3
correspond to the claimed steps (d) and (e) in the present  invention.
Performing these steps crushes the wire 3 as with  steps (g) to (k) of Fig.
2, to thereby enlarge the bonding 5 area at the second bonding point Z,
resulting in a bonding  strength at the second bonding point being
enhanced. It is  to be noted that steps (g) to (k) of Fig. 3, i.e. the claimed
steps (d) and (e) of the present invention may be repeated a  plurality of
times. 10 With these steps, it is possible to obtain a wire loop  having a
shape like an approach and landing of an aircraft as  



shown in Fig. 4A with part of the wire 3 parallelly touching  the second
bonding point Z by adjusting an amount of the  movement of the capillary,
thus enhancing a bonding strength. 15 Even in the case of a wire loop
having a triangular  shape as shown in Fig. SB, it is possible to obtain a
wire  loop having a shape like an approach and landing of an  aircraft as
shown in Fig. 4B in a similar manner. It is to be noted that while in steps
(g) to (k) of Fig.  20 2 or in steps (g) to (k) of Fla. 3, the capillary 4 is
moved  either in the direction toward the first bonding point A or  in the
direction opposite therefrom relative to the second  bonding point Z, but
the direction is not limited thereto and  any direction can be selected in the
360 range with respect 25 to the second bonding point as desired, thus
making it  possible to obtain a wire loop having a form different in
orientation of the crushed wire. In addition, a bonding  strength of the wire
loop thus obtained is similarly high. The present invention is applicable to
manufacturing of  30 a semiconductor device as a wire bonding method
that provides  a high wire bonding strength to bonding points and reduces
the time to perform wiring. While the illustrative and presently preferred
embodiments of the present invention have been described in 2  detail
herein, it is to be understood that the inventive  concepts may be
otherwise variously embodied and employed and  



that the appended claims are intended to be construed to  include such
variations except insofar as limited by the 5 prior art. 13  CLAIMS 1. A
wire loop comprising a wire connecting a  first bonding point and a second
point  therethrough, the wire being bonded to the first bonding  point and
then bonded to the second bonding point,  characterized in that: an
additional wire loop is formed at an extended  portion of the wire
wire-bonded to the second bonding  point without cutting the wire, the
additional wire  loop being bonded to the second bonding point or to  the
vicinity thereof while part of the wire is crushed,  the additional wire loop
having a folded portion  located on a side of the second bonding point
nearer to  the first bonding point. 2. The wire loop as defined in claim 1,
wherein a  plurality of the additional wire loops are formed and  bonded to
the second bonding point or to the vicinity  thereof. 3. A method of wire
bonding between a first bonding  point and a second bonding point,
characterized in  that: the method comprises the steps of: 



(a) bonding a wire to the first bonding point; 13a  (b) then forming a wire
loop extending from the first  bonding point to the second bonding point by
performing  loop control involving a vertical or horizontal movement  of a
capillary or a motion of the capillary combining  both wherein the capillary
passes through at least one  point which has been set; (c) thereafter
bonding the wire to the second  bonding point; (d) then forming an
additional wire loop by  delivering the wire while performing loop control
involving a motion of the capillary combining vertical  and horizontal
movements thereof wherein the capillary  passes through at least another
point which 14  has been set, thereby the additional wire loop having a
folded portion located on a side of the second bonding  point nearer to the
first bonding point; and (e) subsequently bonding the additional wire loop
to  the second binding point or to the vicinity thereof while  part of the wire
is crushed. (4) The bonding method as defined in claim 3, wherein  the
steps and are alternately repeated a plurality  of times, so that a plurality
of the additional wire loops  are formed and bonded to the second bonding
point or to  



the vicinity thereof. 5. The bonding method as defined in claim 3 or 4,
wherein the step includes . vertically raising the capillary to a point while
delivering the wire, then horizontally moving the capillary in the  direction
toward the first bonding point to another point,  thereafter vertically raising
the capillary to yet  another point while delivering the wire, and
subsequently horizontally moving the capillary to  a further point above the
second bonding point,  followed by carrying out the bonding in the step.
14a  6. A semiconductor device comprising: a first bonding point; a
second bonding point; and a wire loop including a wire connecting the
first bonding point and the second bonding point (Z)  therethrough, the
wire being bonded to the first bonding  point and then bonded to the
second bonding point,  characterized in that: the wire loop includes an
additional wire loop that  is formed at an extended portion of the wire
wire-bonded  to the second bonding point without cutting the wire,  the
additional wire loop being bonded to the second  bonding point or to the
vicinity thereof while part of  



the wire is crushed, the additional wire loop having a  folded portion
located on a side of the second bonding  point nearer to the first bonding
point. 7. The semiconductor device as defined in claim 6,  wherein a
plurality of the additional wire loops are  formed and bonded to the second
bonding point or to the  vicinity thereof. Abstract Wire loop, semiconductor
device having same and wire bonding  method A wire loop includes a wire
(3) connecting a first bonding point (A) and a second bonding point (Z)
therethrough,  wherein an additional wire loop (P) is formed after wire
bonding at the second bonding point (Z) without cutting the  wire (3) and
the additional wire loop (P) is bonded to the  second bonding point (Z) or
to the vicinity thereof while part of the wire (3) is crushed.  Fig. IA 


