CLAIMS

1. A wire-bonding apparatus comprising:

a\capillary through which a wire is inserted;

an annular wire projecting length detection ring disposed
coaxially with the capillary; and

a projech&ng length determination unit configured to
determine whethgi\or not a projecting length of the wire

projecting from a g}p of the capillary is appropriate based on

\

\

detection on whether\E; not power is conductive when a
predetermined inspectioﬁ\yoltage is applied between the wire

and the wire projecting léhgth detection ring.

\

\

\\
2. The wire-bonding apparatus according to claim 1,
wherein
a predetermined inspection high voltage is applied
between the wire and the wire projectingilength detection ring
to detect a presence of a discharge spark, if the power has been
detectedtbeenon—conductivewhenthepredete}@inedinspection

voltage is applied between the wire and the w}¢e projecting

length detection ring.

3. The wire-bonding apparatus according to claim 1,

wherein

the projecting length determination unit:
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\ previously obtains a relation regarding detection
aﬁQQ? the projecting length of the wire, the inspection high
voltége, and the presence of a spark;

=\\ sets the inspection high voltage according to a

N

bonding CSQ?ition for wire bonding; and

N\
determines whether or not the projecting length of

N
the wire is suftable for the bonding condition.

4. The wire—bénding apparatus according to claim 3,
further comprising: 3

a disconnection det&rmination unit configured to apply
a predetermined electrical ;}gpal and to determine whether or
not the wire is disconnected based on a response of the
application of the predetermined &lectrical signal, the
predetermined electrical signal being applied between a bonding
target and the wire in a clamped state after an operation of
disconnecting the wire from a second bondir;.é\goint is performed
by moving the capillary while the wire is in the clamped state
after wire bonding at the second bonding point\%s performed
subsequent to wire bonding at a first bonding po£5£< wherein

when the disconnection determination unit has déh@rmined

that the wire is disconnected, the projecting length \\

N\
determination unit determines whether or not the projecting

length of the wire is appropriate, and when the projecting

length of the wire has been determined to be inappropriate,
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outputs an abnormal signal determining that bonding at the
sacond bonding point has not been performed and that the wire
has Yeen disconnected between the first bonding point and the

secona\bonding point.

N\
N\

\
\\
5. The wire-bonding apparatus according to claim 4,
\
further comprising:

a prelimiégry bonding unit configured to, when the
projecting length\bf the wire has been determined to be
inappropriate, make\é\disconnected tip portion of the wire be
an appropriate projectim{ length using a previously determined
preliminary bonding poing\\

\

6. Thewire—bondingappgiitusaccordingto<xuaofclaims
4 and 5, wherein \\

the wire bonding at the first b\&nding point and the second

bonding point is performed according to'a wedge bonding method.

7. Amethod of manufacturing a semiconductor device, the

method comprising:

a first wire bonding step of bonding a wike to a first
bonding target at a first bonding point of wire bonding using
a capillary through which the wire is inserted, the\bonding

being performed according to a wedge bonding method;
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\ a second wire bonding step of feeding the wire by a

p;égetermined wire length from the first bonding point after
the ;i;e bonding at the first bonding point, and bonding the
wire tana second bonding target at a second bonding point of
the wire Banding;

a movement step of, after the wire bonding at the second
bonding point, moving the capillary through which the wire is
inserted while thenwire is clamped to disconnect the wire from
the second bonding bﬁént;

a disconnection &egermination step of applying a
predetermined electricalléignal between the second bonding
target and the wire after thé:capillary has been moved to
disconnect the wire, and deterﬁining whether or not the wire
is disconnected based on a responséxpf the application of the
predetermined electrical signal; |

a projecting length determinatioﬁgstep of determining
whetherorruﬁ:theprojectinglengthchtheQi;eprojectingfrom
the tip of the capillary is appropriate when éhg wire has been
determined to be disconnected, the determinatiég being made

based on detection on whether or not power is condugtive when

a predetermined inspection voltage is applied between t@e wire

and an annular wire projecting length detection ring disposed
coaxially with the capillary; and
an output step of, when the projecting length of the wire

has been determined to be inappropriate, outputting an abnormal
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\signal determining that bonding at the second bonding point has

nb; been performed and that the wire has been disconnected
\

betwqen the first bonding point and the second bonding point.

\
N\

.\.I

8.'\$he method of manufacturing a semiconductor device
according to claim 7, wherein
A
a predefgfmined inspection high voltage is applied

between the wire and the wire projecting length detection ring

Y

\
to detect a presence\of a discharge spark, if the power has been

detected to be non-conductive when the predetermined inspection

voltage is applied betwé@n the wire and the wire projecting

length detection ring. \
\

.‘\\
!

\
9. The method of manufacturing a semiconductor device
b

according to claim 7, the method\fgrther comprising:

a preliminary bonding step of g&king a disconnected tip
portion of the wire be an appropriate p}Qjecting length using
a previously determined preliminary bond}qg point when the

projecting length of the wire has been detéi@ined to be

inappropriate. N\

65



CLAIMS

1. A wire bonding apparatus comprising:

a capillary through which a wire is inserted;

an annular wire projecting length detection ring disposed
coaxially with the capillary; and

a projecting length determination unit configured to
determine whether or not a projecting length of the wire
projecting from a tip of the capillary is appropriate based on
detection on whether or not power is conductive when a
predetermined inspection voltage is applied between the wire

and the wire projecting length detection ring.

2. The wire bonding apparatus according to claim 1, wherein
a predetermined inspection high voltage is applied
between the wire and the wire projecting length detection ring
to detect a presence of a discharge spark, if the power has been
detected to be non-conductive when the predetermined inspection
voltage is applied between the wire and the wire projecting

length detection ring.

3. The wire bonding apparatus according to claim 2, wherein
the projecting length determination unit:

previously obtains a relation regarding detection
among the projecting length of the wire, the inspection high
voltage, and the presence of a spark;

sets the inspection high voltage according to a
bonding condition for wire bonding; and

determines whether or not the projecting length of

the wire is suitable for the bonding condition.

4. The wire bonding apparatus according to claim 3, further
comprising:

a disconnection determination unit configured to apply
a predetermined electrical signal and to determine whether or

not the wire is disconnected based on a response of the
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application of the predetermined electrical signal, the
predetermined electrical signal being applied between a bonding
target and the wire in a clamped state after an operation of
disconnecting the wire from a second bonding point is performed
by moving the capillary while the wire is in the clamped state
after wire bonding at the second bonding point is performed
subsequent to wire bonding at a first bonding point, wherein
when the disconnection determination unit has determined
that the wire is disconnected, the projecting length
determination unit determines whether or not the projecting
length of the wire is appropriate, and when the projecting
length of the wire has been determined to be inappropriate,
outputs an abnormal signal determining that bonding at the
second bonding point has not been performed and that the wire
has been disconnected between the first bonding point and the

second bonding point.

5. The wire bonding apparatus according to claim 4, further
comprising:

a preliminary bonding unit configured to, when the
projecting length of the wire has been determined to be
inappropriate, make a disconnected tip portion of the wire be
an appropriate projecting length using a previously determined

preliminary bonding point.

6. The wire bonding apparatus according to claim 4, wherein
the wire bonding at the first bonding point and the second

bonding point is performed according to a wedge bonding method.

7. Amethod of manufacturing a semiconductor device, the method
comprising:

a first wire bonding step of bonding a wire to a first
bonding target at a first bonding point of wire bonding using
a capillary through which the wire is inserted, the bonding

being performed according to a wedge bonding method;
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a second wire bonding step of feeding the wire by a
predetermined wire length from the first bonding point after
the wire bonding at the first bonding point, and bonding the
wire to a second bonding target at a second bonding point of
the wire bonding;

a movement step of, after the wire bonding at the second
bonding point, moving the capillary through which the wire is
inserted while the wire is clamped to disconnect the wire from
the second bonding point;

a disconnection determination step of applying a
predetermined electrical signal between the second bonding
target and the wire after the capillary has been moved to
disconnect the wire, and determining whether or not the wire
is disconnected based on a response of the application of the
predetermined electrical signal;

a projecting length determination step of determining
whether or not the projecting length of the wire projecting from
the tip of the capillary is appropriate when the wire has been
determined to be disconnected, the determination being made
based on detection on whether or not power is conductive when
a predetermined inspection voltage is applied between the wire
and an annular wire projecting length detection ring disposed
coaxially with the capillary; and

an output step of, when the projecting length of the wire
has been determined to be inappropriate, outputting an abnormal
signal determining that bonding at the second bonding point has
not been performed and that the wire has been disconnected

between the first bonding point and the second bonding point.

8. The method of manufacturing a semiconductor device according
to claim 7, wherein

a predetermined inspection high voltage is applied
between the wire and the wire projecting length detection ring
to detect a presence of a discharge spark, if the power has been

detected to be non-conductive when the predetermined inspection
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voltage is applied between the wire and the wire projecting

length detection ring.

9. The method of manufacturing a semiconductor device according
to claim 7, the method further comprising:

a preliminary bonding step of making a disconnected tip
portion of the wire be an appropriate projecting length using
a previously determined preliminary bonding point when the
projecting length of the wire has been determined to be

inappropriate.
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