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FEED SYSTEM FOR A WIRE BONDING MACHINE AMD CONFIGURED TO APPLY A VARIABLE 

TE&SIGH TO THE WIRE ; METHOD OF OPERATING THE SAME 

FIELD OF THE INVENTION 

[0001} The present invention relates to wire feed systems, and more 
particularly,, to improved wire feed systems for wire bonding machines. 

BACKGROUND OF THE INVENTION 

[0002] In the manufacturer and processing of various semiconductor devices, 
wire bonding machines are often used to connect components in the devices. Such 
wire bonding machines typically include a wire feed system for feeding a wire on a wire 
spool to a bond head of the wire bonding machine. The bond head of the wire bonding 
machine typically carries a transducer (e.g., an ultrasonic transducer) and a bonding 
tool (e.g., a capillary-tool, a wedge tool, etc.). 

£0003] One function of the wire feed system of a wire bonding machine is to 
apply air pressure (or the like) to the wire for controlling the wire, for example, (1) to 
prevent wire damage during high speed motions, (2) for seating a ball of the wire in a 
capillary too), etc. The wire extends from the wire feed system to a wire tensioning 
device adjacent the bond head. 

[GGQ4] U.S. Patent No. 5,402,927 ("Adjustable W/re Tensioning Apparatus") to 
Frasch discloses wire feed system 10 including: wire spooi 11, stream of air 14, and . 
limit stops 15, 16, amongst other parte. Stream of air 14 urges wire 12 to form a loose 
ioop that is limited by limit stops 15 and 16. Wire 12 extends from wire feed system . 
10 to tensioning device 19, where tensioning device 19 applies a much greater force to 
the wire than the force applied by wire feed system 10. Tensioning device 19 works in 
conjunction with different air pressure sources such that the force applied via 
tensioning device 19 may be varied during the wire bonding cycle. 

[OQGS] Thus, the '927 patent discloses an adjustable wire tensioning device. 
Unfortunately, the system disclosed in the v927 patent is deficient in providing an 
efficient variable tension to the wire in certain applications. For example, because the 
tensioning device is supported at the bond head, the systems used to provide 
adjustable tension adds weight/mass to the bond head. Because of the high speed 
precision motions carried out by a bond head, such additional weight/mass is 
undesirable, and such a configuration may not be abie to carry out the desired number 
of wire bonds in a given time period because of the additional weight/mass. Further, 



-2-

because of the limited wire length between the bonding tool and the tensioning device, 

an adequate wire length is not provided for certain looping motions. Further still, the wire 
length between the air guide and the tensioner is not subject to the variable tension, 

which may result in a non-optimized tension setting for said wire length. 

[0006] Thus, it would be desirable to a wire feed system for a wire bonding 

machine overcoming one or more of the deficiencies of the prior art. 

SUMMARY OF THE INVENTION 

[0007] According to an aspect of the present invention, a wire bonding machine is 

provided. The wire bonding machine includes (1) a wire supply, and (2) an air guide for 
receiving a length of wire from the wire supply. The air guide has an air inlet for receiving 
a pressurized fluid. The wire bonding machine further includes a bondhead including a 

wire tensioner. The wire tensioner is separate from the air guide, which is a stationary 

component of the wire bonding machine not travelling with the bondhead, is configured to 

apply a variable tension to the length of wire received by the air guide. 

[0008] According to another aspect of the present invention, a method of 

operating a wire feed system of a wire bonding machine is provided. The method 
includes providing a length of wire to an air guide of the wire feed system, the air guide 
being a stationary component of the wire bonding machine. The method also includes 

providing a wire tensioner carried by a bondhead, the length of wire being received by 
the wire tensioner. The method also includes varying a tension applied to at least a 
portion of the length of wire provided to the air guide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention is best understood from the following detailed description 

when read in connection with the accompanying drawing. It is emphasized that, 
according to common practice, the various features of the drawing are not to scale. On 
the contrary, the dimensions of the various features are arbitrarily expanded or reduced 

for clarity. Included in the drawing are the following figures: 

Fig. 1 is a front view of a wire bonding machine in accordance with an 
exemplary embodiment of the present invention; 

Fig. 2 is a front view of certain components of a wire bonding machine in 
accordance with an exemplary embodiment of the present invention; 

Figs. 3A-3C are block diagrams of a wire feed system in accordance with 

an exemplary embodiment of the present invention; 
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Figs. 4A-4B are bfock diagrams of a wire feed system in accordance with 
another exemplary embodiment of the present invention; 

Figs. 5A-5B are block diagrams of a wire feed system in accordance with 
yet another exemplary embodiment of the present invention; and 

Fig. 6 is a block diagram view of a portion of a wire feed system in 
accordance with an exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] United States Patent No, 5,402,927 entitled "Adjustable Wire Tensioning 
Apparatus," and United States Patent Application Publication No. US 2006/0065695 
entitled "Wire Feed System For A Wire Bonding Apparatus/' relate to wire bonding 
technology, and in particular to wire feed and tensioning systems, and are herein 
incorporated by reference in their entirety. 

[0011] In the art of wire bonding, sufficient tension is applied to a wire during , 
the wire bonding cycie, for example, (1) to heip bail seating and (2) to prevent wire 
damage during high speed motions. At different portions of the wire bonding cycle, a 
desired (e.g., idea!) tension is different than at other portions of the wire bonding cycie. 
For example, during high speed motions (e.g., ascending to a reset height along the Z-
axis, descending to first bond, etc.) a relatively high tension is desirable, for example, 
to be able to puii excess wire back (e.g., during ascension to reset height) and to seat 
the baf! (e.g., white descending to first bond). In contrast, during certain looping 
motions, a significantly lower tension is desired because excessive tension could pui! 
out bends made during the looping motions. 

[00X2] In a conventional wire bonding system that does not include a variable 
tension wire feed system, a single wire tension may be selected at the wire feed 
system. This tension may, and iikeiy wil! be, lower than is desired for certain non-
looping motions, and as such, wire whipping and other wire instability issues may a rise. 
Further, this type of problem may be compounded because of the machine to machine 
tension variation (and perhaps the wire to wire tension variation) that will result. 

[0013] According to the certain exemplary embodiments of the present 
invention, a wire feed system (e.g., including various control schemes and 
corresponding hardware designs) is provided that provides a variable tension to the 
wire depending upon the portion of the wire bonding cycie. More specifically, the 
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tension level may be controlled by software in the control scheme based on which part 
of the wire cycle the bonder is going through. 

[0014] An exemplary wire feed system provides the variable tension by 
controlling the wire location inside a device called an air guide. Such a wire feed 
system may include, for example, sensors (e.g., optical sensors), capstans, and a 
motor controlled wire spool turning mechanism that is configured to (1) reed wire and 
(2) pull back wire. 

[0015] Exemplary steps of operating such a system are now summarized. First, 
before the start of the reset motion,, the wire spool wiM turn to pull back wire until the 
wire has entered a high tension zone close to the air inlet A feed sensor located near 
the air inlet will control the motor controlled wire spool, thereby controlling the wire : 

position. The wire will be kept in the high tension zone until the z-position reaches 1st 

bond, Secondr at the start of the 1st bond, wire spool will turn to feed wire so that the 
wire will approach a stop feed sensor of the air guide which is further away from the air 
inlet in comparison to the feed sensor. Thus, the wire enters the low tension zone 
where the wire will be kept during looping (e.g., until 2nd bond is completed). Third, 
prior to the start of the z reset motion, the first step may be repeated (i.e., the wire 
spool will turn to pull back wire until the wire is entered into a high tension zone close 
to the air inlet). Using this exemplary method, the amount of the wire spool turning 
can be calculated so that the right amount of wire is fed out or pulled in to enter the 
desired tension zone, For example, this can be a parameter in the wire bonding 
machine. Many variations of this exemplary system/method are possible, for example, 
a capstan can be added to the top of the air guide so that during looping motion, the 
wire touches the capstan which further reduces the air tension. 

[0016] Another exemplary wire feed system according to the present invention-
provides the variable wire tension, by switching a valve between an 'Aor." and an "off" 
position. For example, when the valve is on (i.e., open) a higher flow is provided, and 
thus, a higher tension is generated. When the valve is off (i.e., closed) a lower flow is 
provided, and thus, a lower tension is generated. 

[0017] Fig. 1 illustrates wire bonding machine 100. Wire bonding machine 100 
includes wire feed system 102 (sometimes referred to as the "upper console") and 
optics housing/bondhead 104 (both wire feed system 102 and optics housing/bondhead 
104 are partially covered by a microscope in Fig. 1). A conventional wire tensioner (not 
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dearly Illustrated in Fig. 1) may be mounted to optics housing/bondhead 104. Certain 
other components of wire bonding machine 100 are not shown in Fig> 1 for simplicity, 

[GGXS] Fig, 2 is a more detailed view of certain components of wire bonding 
machine 100 including (1) wire feed system 102 and (2) components of optics 
housing/bondhead 104. The illustrated components of optics housing/bondhead 104 
inciude wire tensioner 106, wire damp assembly 108, ultrasonic transducer 110, and 
wire bonding too! 112 (other components of optics housing/bondhead 104, including 
certain components providing interconnection between the illustrated components of 

optics housing/bondhead 104, are not shown in Fig. 2). 

[OOiS] Wire feed system 102 (of which certain components are omitted for 
clarity) includes wire spool mount 116 (configured to receive a wire supply such as a 
wire spool), wire guide bar 124 (e.g., diverter bar 124), air guide 118, air guide gauge 
120, and tensioner gauge 122. These components are stationary elements of wire 
bonding machine 100 and do not travel with optics housing/bondhead 104. As 
Illustrated in Fig. 2, wire 114 extends from wire spool mount 115 (where a spool that 
supplies fength of wire 114 is not shown) and rides aiong wire guide bar 124 and 
components of air guide 118, ultimately being routed to wire bonding tool 112. 

[0020] As provided above, in certain exemplary embodiments, the present 
invention relates to a wire feed system with variable tension. For example, the wire 

feed system may define multiple tension zones (e.g., high and Sow tension zones). . 
Further, a fluid pressure (e.g., pressurized air) may be applied to the wire path of the 
wire feed system. By providing variable wire tension at the wire feed system of a wire 
bonding machine according to the present invention, a number of advantages are . 
achieved. For example, the wire tension may be adjusted at the wire feed system 
based on the timing of the wire bonding cycie. Further, because the variable wire 
tension system Is provided at the wire feed system, in contrast to being provided at the 
wire tensioning device, additional weight/mass may not be applied to the bond head 
carrying the wire tensioning device. 

[0021] Figs, 3A-3C, 4A-4B, 5A-5B, and 6 are block diagram illustrations of 
components of wire feed systems illustrating various exemplary features of the present 
invention. For example, such components may be used In conjunction with wire feed 
system 102 illustrated in Fig. 2, and/or in conjunction with wire bonding machine 100 
illustrated in Fig. 1, 
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[0022] Figs. 3A-3C are block diagrams of exemplary components of wire feed 
system 200 (e.g., wire feed system 200 may replace wire feed system 102 in Fig. 2). 
Referring specifically to Fig. 3A, wire feed system 200 is illustrated. Wire feed system 
200 includes wire spooi 202, wire guide bar 204 (e.g., diverter bar 204), and air guide 
206. Air guide 206 defines high tension zone 208 and Sow tension zone 210. Air inlet 
212 is also illustrated. A pressurized fluid (e.g., air) is injected into air guide 206 at air 
inlet 212, Because high tension zone 208 is in relatively dose proximity to air iniet 212 
(i.e., relatively close in comparison to low tension zone 210), high tension zone 208 
receives more tension from the pressurized fluid entering air guide at air inlet 212. 
Conversely, because low tension zone 210 is relatively distant from air inlet 212 (i.e., 
relatively distant in comparison to high tension zone 208), low tension zone 210 
receives less tension from the pressurized fluid entering air guide at air inlet 212, 

[0023] Also shown in Fig. 3A is feed sensor 214, stop feed sensor 216, and 
capstan 218. For example, such exempiary elements may be provided (as described 
below) as detection elements (for use in the control scheme) or as stop/guide elements 
for defining a boundary of a tension zone. In the exemplary configuration illustrated in 
Fig. 3A, feed sensor 214 (and optionally a lower surface of air guide 206 adjacent stop 
feed sensor 214 but not shown in Fig 3A) defines a point at which a wire passing 
through air guide 206 may be termed as being in high tension zone 208, Likewise, 
stop feed sensor 216 (and optionally capstan 218 adjacent stop feed sensor 216) 
defines a point at which a wire passing through air guide 206 may be termed as being 
in low tension zone 210, 

[0024] While the sensors are illustrated in a given position, a wire may not 
necessarily need to be in contact with the sensor to define the position/zone of the 

sensor for use in the control scheme: the sensor may detect the position of the sensor 
without contact, where the detected position is used in the control scheme (e.g., to 
cause rotation of the wire spooi mount motor). 

[OQ251 In various exemplary embodiments of the present invention "'capstans" 

are provided. As used herein the term "capstan" refers to a rotatabie or a non-
rotatabfe (e.g., fixed) member, In any event, whether rotatabie or not, the capstans 
are intended to define a boundary for a wire. 

[0026] As will be explained below with reference to Figs, 3B-3C, rotation of wire 
spool 202 (e.g., using a spooi mount motor or the iike, not shown) can be utilized to 
move a wire fed through air guide 206 between high tension zone 208 and low tension 
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zone 210, Thus, depending upon the portion of the wire bonding cycle, the tension 
applied to the wire through air guide 206 can be optimized. 

[0027] Referring now to Hg. 3B, wire feed system 200 is shown with wire 220 
extending through wire feed system 200. More specifically, wire 220 extends from wire 
spooi 202, over diverter bar 204, through air guide 206 (in low tension zone 210), and 
downward towards the bond head assembly (not shown), If it is desired to move wire 
220 from low tension zone 210 as shown in Fig, 3B to a position in high tension zone 
208 as shown in Fig. 3C, wire spooi 202 may be rotated, for example, clockwise, thus 
wrapping a portion of length of wire 220 around wire spooi 202 and bringing length of 
wire 220 into high tension zone 208. When length of wire 220 comes in contact with 
(or in a predetermined proximity of) feed sensor 214, the control system (not shown) 
stops the clockwise rotation of wire spool 202 because length of wire 220 has entered 
high tension zone 208. As opposed to this clockwise rotation, another alternative 
would be to not feed additional wire during looping to second bond motions, which 
would pull the wire towards stop feed sensor 214. 

[0G2S] Conversely, if it is desired to move wire 220 from high tension zone 208 
as shown in Fig. 3C to a position in low tension zone 210 as shown in Fig, 3B, wire 
spool 202 may be rotated, for example, counterclockwise, thus feeding additional wire 
to length of wire 220 such that length of wire 220 is in low tension zone 210. When 
length of wire 220 comes in contact with {or in a predetermined proximity of) stop feed 
sensor 216, the control system {not shown) stops the counterclockwise rotation of wire 
spool 202 because length of wire 220 has entered low tension zone 210. 

[0029] The positions of the sensors, and the position of the wire detected by the 
sensors as being in the high or low tension zone, may be optimized as is desired in a 
given configuration. Further, the sensors may even be located outside of the air guide 
while still providing the desired function. In a wire feed system having an air guide 
with a high tension zone and a low tension zone (such as the system illustrated in Figs. 
3A-3C), the control scheme (and the associated software) may be configured to 
position wire 220 in low tension zone 210 during looping motions (e.g., from 1st bond to 
the top of the loop), and to position wire 220 in high tension zone 208 for certain non-
iooping motions (e.g., high speed z-motions, motions to reset electronic flame-off 
height, motions from the top of the loop to the 1st bond tip, etc.). 

[0030] While wire feed system 200 is described in terms of (1) a clockwise 
rotation of wire spool 202 to move from low tension zone 210 to high tension zone 208, 
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and (2) a counterclockwise rotation of wire spool 202 to move from high tension zone 
208 to iow tension zone 210, this design in exemplary in nature. Depending upon the 
design of the wire feed system the rotations may be used to provide the opposite 
resuit. 

[0031] Figs. 4A-4B are block diagrams of wire feed system 300 in accordance 
with an exempiary embodiment of the present invention. Wire feed system 300 
includes wire spool 302, wire guide bar 304 (e.g., diverter bar 304), and air guide 306. 
Air inlet 312 is also illustrated, A pressurized fluid (e.g., pressurized air) is injected 
into air guide 306 at air inlet 312. 

[0032] Also illustrated in Figs. 4A-4B are sensor 316a, sensor 316b, capstan 
318a, and capstan 318b. For example, such exemplary elements may be provided as 
detection elements (for use in the control scheme) or as stop/guide elements for 
defining a boundary of a tension zone. As illustrated in Fig. 4A, when wire 320 is in 
contact with (or in a predetermined proximity of) sensor 316a (and/or .capstan 318a) 
but not in contact with (or in a predetermined proximity of) either sensor 316b or 
capstan 318b, wire 320 is in a high tension zone. As illustrated in Fig. 4Bf when wire 
320 is in contact with (or In a predetermined proximity of) sensor 316a (and/or capstan 
318a), and is also in contact with (or in a predetermined proximity of) sensor 316b 
(and/or capstan 318b), wire 320 is in a low tension zone. 

[0033] As is described above with respect to the exemplary embodiment of the 
present invention illustrated in Figs. 3A-3C, in order to move from a high tension zone 
to a iow tension zone (or vice versa) in wire feed system 300 illustrated in Figs. 4A-4B, 
wire spool 302 may be rotated. For example,, in order to switch from a high tension 
zone (as shown in Fig. 4A) to a iow tension zone (as shown in Fig. 48) wire spool 302 
may be rotated counterclockwise to feed additional iength to wire length 320 (e.g., 
until wire length 320 contacts or comes in a predetermined proximity of sensor 316b 
and/or capstan 318b). Conversely, in order to switch from a low tension zone (as 
shown in Fig. 4B) to a high tension zone (as shown in Fig. 4A) wire spool 302 may be 
rotated clockwise to draw a certain (predetermined) length from wire length 320 (e.g., 
until wire length 320 no longer contacts, or is no longer in a predetermined proximity 
of, sensor 316b and/or capstan 318b). 

[0034] Figs. 5A-5B are block diagrams of wire feed system 400 in accordance 
with an exempiary embodiment of the present invention. Wire feed system 400 (which 
is similar in certain respects to wire feed system 300 illustrated in Figs. 44A-4B) 
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includes wire spooi 402, wire guide bar 404 (e.g., diverter bar 404), and air guide 406, 
Air inlet 412 is aiso illustrated. A pressurized fluid (e.g., pressurized air) is injected 
into air guide 406 at air inlet 412. 

[0035] Also illustrated in Figs. 5A-5B are sensor 416a, sensor 416b, capstan 
418a, capstan 418b, and capstan 418c. For example, such exemplary elements may be 
provided as detection elements (for use in the control scheme) or as stop/guide 
elements for denning a boundary of a tension zone. As illustrated in Fig. 5A, when wire 
420 is in contact with (or in a predetermined proximity of) sensor 416a (and/or capstan 
418a) but not in contact with (or in a predetermined proximity of) either sensor 416b 
or capstan 418b, wire 420 is in a high tension zone. As illustrated in Fig. 5B, when 
wire 420 is in contact with (or in a predetermined proximity of) sensor 416a (and/or 
capstan 418a), and is also in contact with (or in a predetermined proximity of) sensor 
416b (and/or capstan 418b), wire 420 is in a low tension zone, Wire feed system 400 
differs from wire feed system 300 in that wire feed system 400 aiso inciudes optional 
capstan 418c which is in contact with wire 420 ad may be used to vary the wire tension 
as desired. For exampie, capstans such as capstan 418c may be provided to provide an 
opposing force/tension to the tension provided by the pressurized fluid, in order to 
ultimately provide the desired tension on wire 420, 

[0036^ is described above with respect to the exempiary embodiments of the 
present invention illustrated in Figs. 3A-3C and 4A-4B, in order to move from a high 
tension zone to a iow tension zone (or vice versa) in wire feed system 400 illustrated in 
Figs. 5A-5B, wire spooi 402 may be rotated. For exampie, in order to switch from a • 
high tension zone (as shown in Fig. 5A) to a iow tension zone (as shown in Fig. 5B) . 
wire spooi 402 may be rotated counterclockwise to feed additional iength to wire length 
420 (e.g., until wire length 420 contacts or comes in the predetermined proximity of 
sensor 416b and/or capstan 418b). Conversely, in order to switch from a iow tension 
zone (as shown in Fig. 5B) to a high tension zone (as shown in Fig. 5A) wire spool 402 
may be rotated clockwise to draw a certain (predetermined) length from wire length 
420 (e.g., untii wire length 420 no longer contacts, or Is no ionger in a predetermined 
proximity of, sensor 416b and/or capstan 418b). 

[0037] According to certain exempiary embodiments of the present invention, 

the location of the capstans (e.g., capstans 318a and 318b in Figs, 4A-4B; capstans-
418A, 418B, and 418C in Figs. 5A-5B) and/or the associated sensors may be 
asymmetric with one another to achieve the varying tension effect. For exampie, the 
right hand capstan(s) and/or sensor(s) (e.g., capstan 318b and/or sensor 316b in Figs. 



4A-4B) may be positioned farther from the wire than the left hand capstan(s) and/or 
sensor(s) (e.g., capstan 318a and/or sensor 316a in Figs. 4A-4S). 

[0038] In the exempiary embodiments of the present invention illustrated in 
Figs. 3A-3C, 4A-4B, and 5A-5B, adjustment of the respective wire feed system from a 
high tension zone to a low tension zone is accomplished through rotation of the wire 
spool in conjunction with sensors and/or capstans; however, the present invention 
contemplates any of a number of mechanisms or methods for adjusting,the tension in 
the wire feed system. 

[0039] Fig. 6 illustrates one exempiary alternative mechanism contemplated for 
adjusting the tension in the wire feed system. Fig. 6 is a simplified block diagram of air 
guide 600, where air guide 600 may be used In a wire feed system such as those 
illustrated In Figs. 3A-3C, 4A-48, and 5A-5B. In contrast to air guides 206, 306, and 
406 described above, air guide 600 includes selectively operable air inlets 602a, 602b, 
and 602c. In order to adjust the tension in a wire feed system including air guide 600, 
the desired operational configuration of air inlets 602a, 602b, and 602c is selected. For 
example, air iniets 602a and 602c may be configured to provide air pressure (through 
air streams 604a and 604c) to provide a low tension in air guide 600. During such iow 
tension, air inlet 602b may be selected to be In an "off" or "closed valve" position. In 
order to switch to a high tension in air guide 600, air inlet 602b may be selected to be 
in an "on" or "open valve" position. Thus, when air pressure is provided though each of 
air inlets 602a, 602b, and 602c (through air streams 604a, 604b, and 604c), air guide 
600 is in a high tension. 

[0040] When in the "on" or "open valve" position, air inlets 602a, 602b, and 
602c may be configured to have the same or different air pressures associated 
therewith. For exampie, in the exemplary embodiment of the present Invention shown 
in Fig. 6, air stream 604b is illustrated as longer than (and therefore having a higher air 
pressure than) air streams 604a and 604b. Other arrangements (e.g., all iniets having 
the same air pressure, inlet 604b having a lower pressure than iniets 604a/SQ4cf etc.) 
are aiso contemplated as within the scope of the present invention. 

£0042.] Of course, alternate valve schemes are contemplated. For example, not 
all iniets need to receive the pressurized fluid in order for the system to be in a high 
tension mode. More specifically, certain inlet(s) may receive pressurized fluid in low 
tension mode, while other inlet(s) may receive pressurized fluid in high tension mode. 
Thus, the valves associated with the iniets may be "switched." 



[0042] Further, it is understood that Fig. 6 provides only one exampie of a 
"vaived" system. It is contemplated that the air iniets for the air guide may be 
provided in any of a number of different positions depending upon the desired design. 
For example, one or more iniets may be provided at the illustrated inlet side of the air 
guide, while one or more other inlets may be provided at a different area {a side 
portion) of the air guide (See, for exampie, optional Inlet 602d and air stream 604d 
shown in dotted iines in Fig. 6). Thus, the pressurized fluid may be directed as is 
desired based on the design. 

£0043] Further still, a single inlet (or group of iniets) may be provided to be used 
for both high and iow tension, but the fiuid pressure passing through those iniets may 
be varied based upon the portion of the wire bonding cycle. 

[0044] Thus, according to the various exemplary variable tension systems and 
methods described herein, a number of advantages are achieved. A different (e.g., 
desired) tension ieve! can be provided for each part of the wire bonding cycie, thereby 
providing improved-bonding results. For example, the speed used during certain non-
iooping motions (e.g.; z reset, descent to 1st speed, etc.) may be increased because of 
the increased wire tension during these motions. Often, these non-iooping motions are 
performed at a reduced speed to provide better looping and ball seating. Additionally, 
the potential for wire damage and/or wire leaning may aiso be reduced because if a low 
tension is used during high speed motions wire whipping and/or wire buckle (amongst 
other potential issues) may result between the wire clamp and the tensioner. 

[0045] Further still, the present invention may provide a reduced machine to 
machine looping variation. This is because when high tension is used on a wire 
bonding machine, the iooping profile tends to be sensitive to variation of the tension 
which could be caused by machine to machine differences or wire location in the air 
guide. Through the present Invention, by keeping the tension relatively low during 
looping motions, the looping will be more consistent. 

[0046] While the present invention has been described primarily with respect to 
air, any of a number of pressurized fluids may be used as is desired. 

£00473 While the present invention has been illustrated with respect to certain 
exempiary configurations (having a certain number and position of sensors and/or 
capstans), alternative configurations (having more or less, or differently positioned, 
sensors and/or capstans) are contemplated. 
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[0048] Any of a number of sensors may be used within the scope of the present 
invention, including but not limited to: proximity sensors, contact sensors, motion 
sensors, etc. 

£0049] While certain exemplary embodiments of the present invention have 
been described with respect to a high tension zone and a iow tension zone, the present 
invention Is not limited thereto. For example, there may be more than two tension 
zones within a wire feed system of the present invention. 

[0050] While the present invention has been described primarily in connection 
with wire feed systems and methods of operating wire feed systems, it is not limited 
thereto. For example, the present invention may be embodied in a wire bonding 
machine including a wire feed system as described herein, amongst other components 
such as a control system for operating the wire feed system. Alternatively, the present 
invention may be embodied as a method of operating a wire bonding machine. 

[0051] Although the invention is illustrated and described herein with reference 
to specific embodiments, the invention is not intended to be limited to the details 
shown. Rather, various modifications may be made in the details within the scope and 
range of equivalents of the claims and without departing from the invention. 
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1. A wire bonding machine, the wire bonding machine comprising; 

a wire supply; an air guide for receiving a length of wire from the wire 

supply, the air guide having an air inlet for receiving a pressurized fluid; and 

a bondhead including a wire tensioner, 

the wire tensioner being separate from the air guide, the air guide being 

a stationary component of the wire bonding machine not travelling with the bondhead, 

the air guide being configured to apply a variable tension to the length of wire received 

by the air guide. 

2. The wire bonding machine of claim 1 wherein the air guide defines 

a plurality of tension zones, each of the zones applying a different tension to the length 

of wire received by the air guide. 

3. The wire bonding machine of claim 2 wherein the plurality of 

tension zones includes a high tension zone and a low tension zone. 

4. The wire bonding machine of claim 2 further comprising a plurality 

of stop elements for defining a boundary of each of the plurality of tension zones. 

5. The wire bonding machine of claim 4 wherein the stop elements 

includes at least one of a sensor, a capstan, and an air guide surface. 

6. The wire bonding machine of ciaim 1 wherein the wire supply 

includes a wire spoof. 

7. The wire bonding machine of ciaim 6 wherein the wire spooi is 

configured to rotate in order to move the length of wire from one of the tension zones 

to another of the tension zones. 

8. The wire bonding machine of claim 7 wherein the wire spool is 

configured (1) to rotate clockwise to move the length of wire from one of a high tension 

zone and a low tension zone to the other of the high tension zone and the iow tension 

zone, and (2) to rotate counterclockwise to move the length of wire from one of the 

high tension zone and the low tension zone to the other of the high tension zone and 

the low tension zone. 



9. The wire bonding machine of claim 1 further comprising a diverter 

bar positioned between the wire supply and the air guide. 

10. The wire bonding machine of ciaim 1 wherein the air inlet includes 

a plurality of air inlets for receiving the pressurized fiuid. 

11. The wire bonding machine of claim 10 wherein at feast one of the 

air inlets is selectively operable such that a magnitude of the pressurized fiuid received 

by the air guide varies based on which of the air iniets is selected to receive the 

pressurized fiuid. 

12. A method of operating a wire feed system of a wire bonding 

machine, the method comprising the steps of; 

providing a length of wire to an air guide of the wire feed system, the air 

guide being a stationary component of the wire bonding machine; 

providing a wire tensioner carried by a bondhead, the length of wire 

being received by the wire tensioner, and 

varying a tension applied to at least a portion of the length of wire 

provided to the air guide. 

13. The method of claim 12 wherein the varying step includes moving 

at least the portion of the length of wire from one of a plurality of tension zones of the 

air guide to another of the plurality of tension zones of the air guide. 

14. The method of claim 13 wherein the moving step includes moving 

at least the portion of the length of wire from one of a high tension zone and a iow 

tension zone to the other of the high tension zone and the low tension zone, 

15. The method of claim 13 wherein the moving step includes moving 

at least the portion of the length of wire to be in contact with, or within a 

predetermined proximity of, at ieast one of a plurality of stop elements defining a 

boundary of at least one of the plurality of tension zones. 

16. The method of claim 15 wherein the moving step includes moving 

at least the portion of the length of wire to be in contact with, or within a 

predetermined proximity of, at least one of a sensor, a capstan, and an air guide 

surface defining a boundary of at feast one of the piuralfty of tension zones. 

17. The method of claim 12 wherein the providing step includes 

providing the length of wire from a wire spool positioned in the wire feed system. 



18. The method of ciaim 17 wherein the varying step includes 
rotating the wire spool to move at least the portion of the length of wire from one of a 
plurality of tension zones of the air guide to another of the tension zones of the air 
guide. 

19. The method of claim 18 wherein the rotating step includes at feast 
one of (1) rotating the wire spool clockwise to move the portion of the length of wire 
from one of a high tension zone and a tow tension zone fco the other of the high tension 
zone and the low tension zone, and (2) rotating the wire spool counterclockwise to 
move the portion of the length of wire from one of the high tension zone and the low 
tension zone to the other of the high tension zone and the Sow tension zone. 

20. The method of claim 12 wherein the varying step includes varying 
a fluid pressure provided to at least one air inlet defined by the air guide. 

21. The method of claim 20 wherein the step of varying the fiuid 
pressure includes selectively providing or removing fluid pressure provided to at least 
one of a plurality of air iniets defined by the air guide to vary the tension applied to the 
length of wire. 
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ABSTRACT 

Wire Feed System For A Wsre Bonding Machine And Configured To Apply A 

Variable Tension To The Wire; Method Of Operating The Same 

A wire feed system (102) for a wire bonding machine is provided. The wire feed 

system (102) includes a wire supply (116), and an air guide (118) for receiving a iength 

of wire (114) from the wire supply (116). The air guide (118) has an air inlet for 

receiving a pressurized fluid. The wire feed system (102) is configured to apply a 

variable tension to the length of wire (114) received by the air guide (118). A method of 

operating the wire feed system (102) is also disclosed. 

Fig. 2 


