
WIRE BONDING METHODS AND BONDING FORCE CALIBRATION CROSS-REFERENCE TO
RELATED APPLICATION [0001]This application claims the benefit of U.S. Provisional Application No.
60/938,274, filed May 16, 2007, the contents of which are incorporated herein by reference. FIELD OF
THE INVENTION [0002]The present invention relates to the formation of wire loops, and more
particularly, to improved methods of applying bonding energy and/or bonding force during wire
bonding, BACKGROUND OF THE INVENTION [0003]In the processing and packaging of
semiconductor devices, wire bonding continues to be the primary method of providing electrical
interconnection between two locations within a package (e.g., between a die pad of a semiconductor
die and a lead of a leadframe). More specifically, using a wire bonder (also known as a wire bonding
machine) wire loops are formed between respective locations to be electrically interconnected. 



[0004]An exemplary conventional wire bonding sequence includes: (1) forming a free air ball on an
end of a wire extending from a bonding tool; (2) forming a first bond on a die pad of a semiconductor
die using the free air ball; (3) extending a length of wire in a desired shape between the die pad and a
lead of a leadframe; (4) stitch bonding the wire to the lead of the leadframe; and (5) severing the wire.
In forming the bonds between (a) the ends of the wire loop and (b) the bond site (e.g., a die pad, a
lead, etc.) varying types of bonding energy may be used including, for example, ultrasonic energy,
thermosonic energy, thermocompressive energy, amongst others, [0005]In conventional wire bonding
systems, the bonding energy (e.g., ultrasonic energy) is typically applied after some level of contact is
established between the wire/bonding tool and the contact to which the bond will be made. If the
bonding energy is applied when the contact (e.g., a lead of a leadframe) is not "pinned down"
undesirable bonds may be formed. More specifically, vibration and related problems may result in over
squashed bonds, short wire tail lengths after second bond, etc. [0006]Thus, it would be desirable to
provide improved methods of bonding energy application, bonding force application, and related wire
bonding methods.  2 SUMMARY OF THE INVENTION [0007]According to an aspect of the present
invention, there is provided a 



method of applying bonding energy to form a bond between a portion of a wire and a contact of a
bonding location using a wire bonding machine, the method comprising the steps of: (1) moving a
bonding tool towards the contact; (2) detecting when a portion of the contact is pressed against a
device supporting surface of the wire bonding machine; and (3) applying ultrasonic bonding energy to
the portion of the contact after step (2) such that a bond is formed between the contact and the portion
of wire, wherein the ultrasonic bonding energy is applied at step (3) after a predetermined period of
time lapses even if the portion of the contact has not been detected to be pressed against the device
supporting surface at step (2). [0008]According to another aspect of the present invention, there is
provided a method of forming a wire loop to provide interconnection between a first bonding location
and a second bonding location of a semiconductor device using a wire bonding machine, the method
comprising the steps of: (1) forming a first bond at the first bonding location with a bonding tool such
that a wire engaged with the bonding tool is continuous with the first bond; (2) extending a length of
wire from the first bonding location toward the second bonding location; (3) forming a second bond at
the second bonding location such that the wire is continuous from the first bond to the second bond,
the step of forming a second bond including: (a) moving a bonding tool towards a contact at the
second bonding location, (b) detecting when a portion of the contact is pressed against a device
supporting surface of the wire bonding machine; and (c) applying ultrasonic bonding enemy to the
portion of the contact after step (b) such that a bond is formed between the contact and the wire,
wherein the ultrasonic bonding energy is applied to the portion of the contact at step (c) even if the
portion of the contact has not been detected to be pressed against the device supporting surface at
step (b) within a predetermined period of time; and (4) severing the wire such that a length of wire
engaged in the bonding tool is separated from the wire loop formed in steps (1), (2), and (3). [0009]  3
[0010] [0011]The methods of the present invention may also be embodied as an apparatus (e.g., as
part of the intelligence of a wire bonding machine), or as computer program instructions on a computer
readable carrier (e.g., a computer readable carrier used in connection with a wire bonding machine). 



BRIEF DESCRIPTION OF THE DRAWINGS [0012]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. 1A is a cross-sectional side view of a wire loop during
descent to second bond in accordance with an exemplary embodiment of the present invention;
FIG. 1B is a detailed view of a portion of FIG. 1A illustrating a bonding tool pressing a contact against
a device supporting surface of a wire bonding machine in accordance with an exemplary embodiment
of the present invention;               FIG. 2A is a flow diagram illustrating a method of applying bonding
energy to form a bond between a portion of a wire and a contact of a bonding location in accordance
with an exemplary embodiment of the present invention;  -4                Fig. 28 is a flow diagram
illustrating a method of forming a wire loop to provide interconnection between a first bonding location
and a second bonding location of a semiconductor device in accordance with an exemplary
embodiment of the present invention;                Fig. 3A is a flow diagram illustrating a method of using
a system impedance change to detect when a portion of a contact is pressed against a device
supporting surface of the wire bonding machine in accordance with an exemplary embodiment of the
present invention; 



Fig. 38 is a timing diagram of motion of a bonding tool toward a contact, useful for explaining the
method illustrated in Fig. 3A, in accordance with an exemplary embodiment of the present invention;
Fig. 4A is a flow diagram illustrating another method of detecting when a portion of a contact is
pressed against a device supporting surface of the wire bonding machine in accordance with an
exemplary embodiment of the present invention;                Fig. 45 are velocity and force timing
diagrams of a bonding tool during motion toward a contact, useful for explaining the method illustrated
in Fig. 4A, in accordance with an exemplary embodiment of the present invention;                Fig. 5A is
a partial top view of three adjacent contacts of a semiconductor device, and a portion of a device
clamp in contact with the contacts, in accordance with an exemplary embodiment of the present
invention;                Fig. 5B is a chart illustrating force versus vertical position data for the three
adjacent contacts illustrated in Fig. 5A in accordance with an exemplary embodiment of the present
invention;                Fig, 6 is a partial side view of a contact of a semiconductor device and a portion of
a device clamp in accordance with an exemplary embodiment of the present invention;                Fig.
7A is a flow diagram illustrating a method of determining a bonding force used to bond a portion of a
wire to a bonding contact in accordance with an exemplary embodiment of the present invention; and
Fig, 75 is a flow diagram illustrating a method of forming a wire loop to provide interconnection
between a first bonding location and a second bonding location of a semiconductor device in
accordance with an exemplary embodiment of the present invention,  - 5 - 



DETAILED DESCRIPTION OF THE INVENTION [0013]In certain conventional wire bonding
applications, bonding energy (e.g., ultrasonic energy, etc.) and bonding force are applied in an "open
loop" process. More specifically, bonding energy is applied after physical contact is detected between
(1) the tool/wire, and (2) the contact to which the wire will be bonded). [0014]According to certain
exemplary embodiments of the present invention, a "closed loop" approach to the bonding energy
(e.g., ultrasonic energy, thermosonic energy, thermocompressive energy, amongst others) and/or
bonding force application is provided. For example, the bonding energy will be turned on after a
portion of a contact (i.e., the portion of the contact to which the wire bond will be made) is pressed
against a device supporting surface (e.g., the heat block or other surface to which the contact should
be pressed) of the wire bonding machine. The desired condition of the portion of the contact being
pressed against the device supporting surface of the wire bonding machine may be referred to as a
'pinned down" or "full down" position. Such a condition (i.e., the portion of the contact being pressed
against the device supporting surface of the wire bonding machine) may be detected using any of a
number of techniques. Certain exemplary techniques are described herein, but the present invention is
not limited to these exemplary techniques. [0015]As will be described in greater detail below,
exemplary techniques for detecting when the portion of the contact is pressed against the device
supporting surface of the wire bonding machine include: (1) detecting when a vertical position of the
bonding tool is in a predetermined position; (2) detecting when an impedance characteristic of the
transducer reaches a predetermined level; (3) determining when at least one of (a) a bonding force
and (b) a velocity of the bonding tool reaches a predetermined level; (4) detecting when a resonance
of the transducer reaches a predetermined level; and (5) detecting when a force applied to the portion
of the contact has reached a threshold force. By applying the bonding energy (e.g., ultrasonic energy)
after ensuring that the contact is in the desired position, resonance problems tend to be substantially
reduced, thereby improving the uniformity of bonds formed across a plurality of bonding locations,
improving the quality of the bonds formed, improving the yield rate of devices bonded, and reducing
the assist rate provided by an operator of the wire bonding machine. [0016]As provided above, an
exemplary method of detecting when the portion of the contact is pressed against the device
supporting surface of the wire bonding machine is detecting when a force applied to the portion of the
contact has reached a threshold force. Such a threshold force may be related to the force (e.g., pin
force)  



6 - used to press the portion of the contact against the device supporting surface. Thus, according to
certain exemplary embodiments of the present invention, a pin force calibration is completed whereby
the pin force (e.g., the force applied to press the portion of the contact against the device supporting
surface) is measured for each of a plurality of contacts (e.g., portions of the leads of a ieadframe). The
results from the pin force calibration can be used in any of a plurality of techniques, for example; (1)
predicting when certain pin force measurements (e.g., excessive variations among pin force
measurements of a plurality of leads) tend to show device clamp problems (e.g., part problems,
installation problems, etc.) or machine setup problems; and (2) using pin force measurement in
connection with setting up bond parameters (e.g., the bond force applied to each contact may be at
least equal to the measured pin force, the bond force applied to each contact may be equal to the
measured pin force for that contact plus an offset, the bond force applied to each contact may be
equal to the largest measured pin force of a plurality of contacts plus an offset, etc.). [0017]Fig. 1A is a
partial side view of wire loop 110 providing electrical interconnection between (1) a die pad of
semiconductor die 102 and (2) lead 100a of leadframe 100. More specifically, bonding tool 106 (e.g., a
capillary tool) is used to extend a length of wire 108 engaged in bonding tool 106 between (1) a die
pad of semiconductor die 102 and (2) lead 100a of leadframe 100. As is known to those skilled in the
art semiconductor die 102 is mounted to leadframe 100 which includes lead 100a. Leadframe 100 is
positioned on device supporting surface 112 (e.g., heat block 112 or another device supporting
surface) of a wire bonding machine. Of course, only a portion of leadframe 100 (and only a portion of
lead 100a of leadframe 100), semconductor die 102, and device supporting surface 112 are shown in
Fig. 1A. Lead 100a is clamped using device clamp 104 (only a small portion of device clamp 104 is
shown in Fig. 1A). As is clear in Fig. 1A, the portion of lead 100a to which the end of wire loop 110 is
to be bonded (a second bond in the example shown in Fig. 1A) is not pressed against device
supporting surface 112. This portion of lead 100a being "bent" away from device supporting surface
112 may be caused by, for example, high device clamp forces, window clamp geometry issues, heat,
and/or a burr or other contaminant, amongst other potential causes. In a conventional "open loop"
system for application of bonding energy, bonding energy would be applied upon contact with the
portion of lead 100a regardless of the fact that it is not pressed against device supporting surface 112.
As provided above, the application of the bonding energy to a lead such as lead 100a shown in Fig. 1A
may result in vibration and related problems, thereby resulting in over squashed bonds, short tails, or
the like.  - 7 - [0018]According to certain exemplary embodiments of the present invention, the bonding
energy is not applied to form a bond (e.g., a first bond, a second bond, etc.) until the contact (e.g., lead
100a) is pressed against the device supporting surface of a wire bonding machine (e.g., device
supporting surface 112). Thus, Fig. 13 illustrates bonding tool 106 descending until the relevant portion
of lead 100a (i.e., the portion to which the second bond shown in Fig. 1A is to be formed upon) is
pressed against device supporting surface 112 as shown in Fig. 15, [0019]Figs. 2A-2B are flow
diagrams in accordance with certain exemplary 



embodiments of the present invention. As is understood by those skilled in the art, certain steps
included in the flow diagrams may be omitted; certain additional steps may be added; and the order of
the steps may be altered from the order illustrated. [0020]Fig. 2A is a flow diagram illustrating a
method of applying bonding energy to form a bond between a portion of a wire and a contact of a
bonding location using a wire bonding machine in accordance with an exemplary embodiment of the
present invention. For example, referring to Fig. 1A again, the method of Fig. 2A could be used in
applying bonding energy to form a bond between (1) a portion of wire 108 and (2) lead 100a of
leadframe 100, At step 200, a bonding tool (e.g., bonding tool 106) is moved towards the contact (e.g.,
lead 100a). At step 202, a process of detecting when a portion of the contact is pressed against a
device supporting surface of the wire bonding machine is accomplished (e.g., detecting when the
illustrated portion of lead 100a is pressed against device supporting surface 112 as shown in Fig. 13).
At step 204, bonding energy (e.g., ultrasonic energy) is applied to the portion of the contact such that a
bond (e.g., a second bond in Figs. 1A-1B) is formed between the contact and the portion of wire.
[0021]Step 202 may be accomplished using any of a number of techniques. For example, the
detecting step may include detecting when a vertical position of the bonding tool is in a predetermined
position. As is known to those skilled in the art of wire bonding, encoder systems, vision systems, and
the like may be used to determine when the bonding tool is at a height where the contact (e.g., lead
100a) is in a "full down" or "pin down" position as shown in Fig. 13. This position may be recorded
such that during descent to form a bond (e.g., a second bond as shown in Fig. 15) it is known that this
position has been reached, thereby detecting that the contact is pressed against the device supporting
surface of the wire bonding machine. [0022]Another technique that may be used to detect when the
contact is pressed against the device supporting surface is to detect when an impedance characteristic
of the transducer (to which the bonding tool is engaged) reaches a  - 8 - predetermined level. For
example, such impedance characteristics may include an impedance magnitude threshold, an
impedance magnitude change (or rate of change), an impedance phase threshold or change (or rate
of change), a lock frequency change, amongst others. A more specific example of such a detection
scheme will be explained below with reference to Figs. 3A-3B. 



[0023]Another technique that may be used to detect when the contact is pressed against the device
supporting surface is to determine when at least one of (a) a bonding force and (b) a velocity of the
bonding tool reaches a predetermined level. A more specific example of such a detection scheme will
be explained below with reference to Figs. 4A-48. [0024]Another technique that may be used to detect
when the contact is pressed against the device supporting surface is to detect when a resonance of
the transducer (to which the bonding tool is engaged) reaches a predetermined level. [0025]Another
technique that may be used to detect when the contact is pressed against the device supporting
surface is to (1) determine a force value that will press the portion of the contact against the device
supporting surface of the wire bonding machine, and (2) detect when a force applied to the portion of
the contact has reached a threshold force, the threshold force being greater than or equal to the force
value determined in step (1). Such a technique may be repeated for each of a plurality of contacts
(e.g., leads of a leadframe) of a semiconductor device, whereby the threshold force may be selected to
be the same for each of the contacts (such that the selected threshold force is greater than or equal to
the largest force value determined in step (1) for any of the plurality of contacts), or the threshold force
may be individually selected for each of the plurality of contacts. Whether the threshold force is the
same for each of the plurality of contacts, or is individually selected/determined for each of the plurality
of contacts, it may be selected in a number of ways. For example, the threshold force may be selected
to be equal to the largest force value determined in step (1) for any of the plurality of contacts, or may
be the largest value determined in step (1) for any of the plurality of contacts plus a predetermined
force offset value. In another example, the threshold force may selected independently for each of the
plurality of contacts such that the threshold force selected for each of the plurality of contacts is greater
than or equal to the force value determined for the respective one of the plurality of contacts in step
(1), or may be selected to be equal to the force value determined for that one of the plurality of
contacts in step (1) plus a predetermined force offset value.  - 9 - [0026]Further still, the methods
described herein may be applied to contacts (e.g., leads of a leadframe) where multiple bonds (e.g.,
multiple second bonds) are formed on different portions of the same contact. 



[0027]Referring now to Fig. 23, a flow diagram is provided illustrating a method of forming a wire loop
to provide interconnection between a first bonding location and a second bonding location of a
semiconductor device in accordance with an exemplary embodiment of the present invention. At step
250, a first bond is formed at the first bonding location with a bonding tool such that a wire engaged
with the bonding tool is continuous with the first bond. For example, such a first bond is shown in Fig.
1A as first bond 110a, At step 252, a length of wire is extended from the first bonding location toward
the second bonding location. For example, such a length of wire is shown in Fig. 1A as length 110b. At
step 254, a second bond is formed at the second bonding location such that the wire is continuous
from the first bond to the second bond. For example, a second bond is being formed using portion 110:
of wire loop 110, where wire portion 110: is being bonded against contact 100a (e.g., lead 100a).
[0028]Step 254 includes several steps (or substeps). At step 254A, a bonding tool is moved towards a
contact at the second bonding location (e.g., such a moving action is illustrated in Fig. 13 showing the
phantom lined bonding tool 106 above contact 100a, as well as a solid lined bonding tool 106 which
had been moved downward towards (and in this case, in contact with) contact 100a, At step 2546, it is
detected when a portion of the contact is pressed against a device supporting surface of the wire
bonding machine. At step 2540, bonding energy is applied to the portion of the contact such that a
bond is formed between the contact and the wire. [0029]At step 256, the wire is severed such that a
length of wire engaged in the bonding tool is separated from the wire loop formed in steps 250, 252,
and 254. [0030]Of course, step 254 (including steps 254A, 2543, and 2540) may be accomplished
using any of a number of methods including those described througout the present application, and
specifically including those described above with respect to the method illustrated in Fig. 2A. [0031]As
provided above, in accordance with the present invention, many different methods may be used in
order to detect when a portion of a contact is pressed against a device supporting surface of a wire
bonding machine. Figs. 3A-3B are useful in illustrating one exemplary method of such a detection
technique. 



[0032]Fig. 3A is a flow diagram illustrating a method of detecting when a portion of a contact is
pressed against a device supporting surface of a wire bonding  - 10 - machine. As is understood by
those skilled in the art, certain steps included in Fig. 3A may be omitted; certain additional steps may
be added; and the order of the steps may be altered from the order illustrated. At step 300, the method
(e.g., the algorithm being run on a computer system associated with a wire bonding machine) is
started. At step 302, a determination is made as to whether the bonding tool is in constant/controlled
velocity mode (i.e., CV mode). As is known to those skilled in the art, CV mode is a part of the motion
cycle of a bonding tool as it lowers toward the bonding location. If CV mode has not yet been entered
(a 'No" at step 302), then step 302 is repeated. If CV mode has been entered (a "Yes" at step 302),
then the method continues to step 304. In accordance with this specific example, the impedance
detection at step 304 does not begin until CV mode has been entered; however, this is simply an
example. Impedance detection may be constant activated, or such activation may be tied to some
other measure (e.g., initial physical contact with the contact). [0033]At step 304, impedance detection
is commenced, and a detection start timer is started at t =- 0. As is understood by those skilled in the
art, such impedance detection may utilize a low level of ultrasonic energy (i.e., a low USG current) that
may be applied during CV mode. While applying this low level current the impedance (or some
characteristic related to impedance) of the transducer is monitored, and upon detection of a change in
this impedance beyond a specified threshold (IT) contact is declared and normal bonding energy (e.g.,
ultrasonic energy) may be applied. As provided above, the impedance characteristic monitored may be
any of a number of characteristics including, for example, an impedance magnitude threshold, an
impedance magnitude change (or rate of change), an impedance phase threshold or change (or rate
of change), a lock frequency change, amongst others. [0034]Referring again to Fig. 3A, at step 306, a
determination is made as to whether a predetermined impedance change has been detected. If the
predetermined impedance change is detected (a "Yes" answer at step 306), the bonding energy (e.g.,
ultrasonic energy or USG) is turned on at step 310 such that the bond can be formed. If the
predetermined impedance change is not detected (a "No" answer at step 306), a check is made at
step 308 to see if time has expired (e.g., a predetermined time period after t = 0). If time has not
expired (a "No" answer at step 308), an increment is added to the timer (t= t+1), and the process
returns to step 306 for another check as to whether the predetermined impedance change has been
detected. If time has expired (a "Yes" answer at step 308), then the bonding energy (e.g., ultrasonic
energy or USG) is turned on at step 310 such that the bond can be formed. In this exemplary
embodiment the assumption is that if the time has expired at step 308 that the 



11 relevant portion of the contact has been pressed against the device supporting surface of the wire
bonding machine and that the bonding process can proceeed (or it may be viewed as better to
continue the process on the assumption that the the relevant portion of the contact has been pressed
against the device supporting surface as opposed to undesirably interupting the bonding process). At
step 312, the process (e.g., the algorithm running on the wire bonding machine) has been completed.
Of course, the method illustrated in Fig. 3A may be repeated for multiple contacts of a semiconductor
device, or may be repeated multiple times for a single contact (where such single contact may be
configured to be bonded to multiple times). [0035]Fig. 3B is a timing diagram of motion of a bonding
tool toward a contact, useful for explaining the method illustrated in Fig. 3k More specifically, the y-axis
is labelled as "Z DETECT and relates to an impedance characteristic being monitored for a threshold
value or threshold change. The x-axis is time. Before time "Ti" is the pre-contact period where the
bonding tool has not yet touched the contact (e.g., lead), At time Ti, the bonding tool has made
physical contact with the contact (e.g., lead) and there is a change in the impedance characteristic
from Ti to T2, At time T2, the contact has been pressed against the device supporting surface of the
wire bonding machine (e.g., the lead is "pinned") as evidenced by the impedance detection scheme
detecting that the predetermined impedance threshold value or threshold change has been met.
[0036]Fig. 4A is a flow diagram illustrating another exemplary method of detecting when a portion of a
contact is pressed against a device supporting surface of the wire bonding machine. In this method, a
determination is made as to whether at least one of (a) a bonding force and (b) a velocity of the
bonding tool reaches a predetermined level. In the example of Figs. 4A-4B, the determination is
described with respect to both bonding force and velocity; however, it is understood that one of the
characteristics may be monitored in detecting when a portion of a contact is pressed against a device
supporting surface of a wire bonding machine. As is understood by those skilled in the art, certain
steps included in Fig. 4A may be omitted; certain additional steps may be added; and the order of the
steps may be altered from the order illustrated. [0037]At step 400, the method (e.g., the algorithm
being run on a computer system associated with a wire bonding machine) is started. At step 402, a
bonding tool is moved towards a bonding location (e.g., a contact such as a lead of a leadframe). At
step 404, a determination is made as to whether contact has been detected between the bonding tool
and the contact (e.g., lead). If contact has not been detected (a "No"  



- 12 - at step 404), then step 404 is repeated. If contact has been detected (a "Yes" at step 404), then
the method continues to step 406. [0038]At step 406 a timer is started at t = 0. At step 408, a
determination is made as to whether the velocity and/or force thresholds have been met. If the velocity
and/or force thresholds have been met (a "Yes" answer at step 408), the bonding energy (e.g.,
ultrasonic energy or USG) is turned on at step 412 such that the bond can be formed. If the velocity
and/or force thresholds have not been met (a "No" answer at step 408), a check is made at step 410 to
see if time has expired (e.g., a predetermined time period after t = 0). If time has not expired (a "No"
answer at step 410 an increment is added to the timer (t= t+1), and the process returns to step 408 for
another check as to whether the velocity and/or force thresholds have been met. If time has expired (a
"Yes" answer at step 410), then the bonding energy (e.g., ultrasonic energy or USG) is turned on at
step 412 such that the bond can be formed. In this exemplary embodiment the assumption is that if the
time has expired at step 412 that the relevant portion of the contact has been pressed against the
device supporting surface of the wire bonding machine and that the bonding process can proceed (or it
may be viewed as better to continue the process on the assumption that the relevant portion of the
contact has been pressed against the device supporting surface as opposed to undesirably interupting
the bonding process). At step 414 the process (e.g., the algorithm running on the wire bonding
machine) has been completed. Of course, the method illustrated in Fig. 4A may be repeated for
multiple contacts of a semiconductor device, or may be repeated multiple times for a single contact
(where such single contact may be configured to be bonded to multiple times). [0039]Fig. 46 is a
timing diagram of motion of a bonding tool toward a contact, useful for explaining the method
illustrated in Fig. 3A. More specifically, the y-axes are labelled as "VELOCITY" and "FORCE" and they
relate to the velocity of the bonding tool, and the force applied by the bonding tool to the contact. The
x-axis is time. According to an exemplary embodiment of the present invention, in order to determine
when a portion (that is, the relevant portion of the contact to be bonded with a wire) of a contact is
pressed against a device supporting surface of a wire bonding machine, the velocity should be
substantially zero (e.g., the velocity must reach a velocity threshold as shown in Fig. 46) and the
bonding force being applied should reach a predetermined threshold (e.g., a force threshold as shown
in Fig. 46). Before time "Ti" both the velocity and force signals are in a relatively constant state (very
little slope) followed by a sharp change in slope as the time approaches T1. Between time Ti and time
T2 there are changes to both the velocity and force signals, but at time T2 both thresholds  - 13 - have
been met. That is, after time T2, (1) the velocity signal is above the velocity threshold (e.g., the
bonding tool has stopped moving), and has stabilized, and (2) the force signal is above the force
threshold. Thus, the contact has been pressed against the device supporting surface of the wire
bonding machine (e.g., the lead is "pinned") at time T2, and the bonding energy may now be applied.
[0040]The bonding force threshold used in connection with the method of Figs. 



4A-4B may be a user defined threshold, or may be determined in conjunction with a force calibration
measurement (i.e., a measurement which determines how much force is used to press the portion of
the contact against the device supporting surface of the wire bodning machine). Such bonding force
calibration techniques are described with respect to Figs. 5A-5B and Figs. 7A-7B. [0041]In contrast to
the side view shown in Figs. 1A-1B of a portion of lead 100a and device clamp 104, Fig. 5A is a top
view of 3 adjacent leads (the portions of those leads) and a portion of a device clamp. More
specifically, Fig. SA illustrates lead 10, lead 11, and lead 12 of a leadframe. The leads (and others of
the device not shown) are "clamped" by device clamp 504 (only a small portion of device clamp 504 is
shown in block form in Fig. SA). Also shown are the ends of three wire loops 506, 508, and 510. Each
of wire loops 506, 508, and 510 have been stitch bonded as a second bond on respective ones of
leads 10, 11, and 12, as shown. [0042]Fig. 5B is a chart illustrating force versus vertical position data
for the three adjacent leads of Fig. SA, More specifically, as the vertical position of a bonding tool
contacting each of leads 10, 11, and 12 is changed (as the Z-position along the y-axis decreases) the
force applied to the lead is also changing (the force along the x-axis increases). Stated differently, in
order to continue to lower the 2-position (e.g., the vertical position) of the tool additional force is
applied. The three "curves" shown in Fig. 5B each correspond to one of leads 10, 11, and 12 (as made
clear by the legend of Fig. 5B). Thus, the curve corresponding to lead 10 (the bottom curve on Fig. 5B)
has a substantial slope change at point "X" (i.e., at about 20 grams of force and at about 0.3 mils in
Z-position). Likewise, the curve corresponding to lead 11 (the middle curve on Fig. 58) has a
substantial slope change at point "Y" (i.e., at about 60 grams of force and at about 0.21 mils in
Z-position). Likewise, the curve corresponding to lead 12 (the top curve on Fig. 5B) has a substantial
slope change at point "Z" (i.e., at about 70 grams of force and at about 0.20 mils in 2-position). This
slope change is substantially related to a point which approximately delineates (1) spring force of a
lead, from (2) forces need to overcome certain system components (e.g., stiffness related to the bond
head, the heat block, etc.). More specifically, the left portion of each curve (i.e., the  - 14 - portion to
the left of points X, Y, and Z) substantially corresponds to the force used to overcome the spring force
of the lead, that is, the spring force overcome in order to press the portion of the lead against a device
supporting surface (e.g., a heat block) of a wire bonding machine (the right hand portion of each curve
corresponds to the system forces to be overcome such as stiffness relateds to the bond head and the
heat block). Thus, in order to overcome the spring force of the leads 10, 11, and 12, bond forces of 20,
60, and 70 grams respectively may be applied. Thus, by applying a varying force to each of a plurality
of leads the force used to press the relevant portion of the lead against a device supporting surface
(e.g., a heat block) of a wire bonding machine may be determined, for example, by determining the
point at which the curve changes slope. Thus, it may be approximated that lead 10 will use 20 grams
of force (see point X in Fig. 5B) in order to press the relevant portion of lead 10 against a device
supporting surface (e.g., a heat block) of a wire bonding machine. Of course, this process may be
automated using a computer algorithm or the like to determine the appropriate force value for each
lead (e.g., an algorithm may be configured to incrementally increase the applied bond force, then
determine the Z position at each increment, and ultimately determine the point where the lead is
pressed against the device supporting surface, that is, the point of slope change). Further, this process
may be repeated for each lead in a separate process prior to actual performing the wire bonding
process. [0043]in contrast to the top view of contacts 10, 11, and 12 (i.e., leads 10, 11, and 12) in Fig.
5A, Fig. 6 is a partial side view of a similar contact 600a (i.e., lead 600a of a leadframe). Fig. 6 also
illustrates a portion of device clamp 604 and a portion of device supporting surface 620 (e.g., heat
block E20) of a wire bonding machine. As is clear from Fig. 6A, a portion of lead 600a is raised above
device supporting surface 620. For the reasons set forth above, it would be desirable to press this
portion of lead 600a against device supporting surface 600a prior to forming a wire bond on this
portion of lead 600a. In this example, multiple wire bonds may be formed on this portion of contact
600a. More specifically, a number of wire bonds (e.g., second bonds which may be stitch bonds) may
be formed in each of regions R1, R2, and R3 of lead 600a (i.e., bonding locations R1, R2, and R3). As
is known to those skilled in the art, an exemplary application where multiple wire bonds may be formed
on the same lead include stacked die applications, multi-tiered applications, amongst others. In order
to press/pin the relevant portion of contact 600a (e.g., portion R1, portion P2, portion R3, etc.) against
device supporting surface 620, different forces may be used. That is, in order to press portion R1
against device supporting surface 620 less force will likely be used in comparison to the force that may
be used to press portion R3 against device 



- 15 - supporting surface 620. In certain contacts such as lead 600a illustrated in Fig. 6, the force used
to press the lead against the device supporting surface tends to increase the closer you come to the
device clamp. Thus, in Fig. 6, pressing contact 600a against device supporting surface 620 tends to
use less force at bonding location R1 than at bonding location R2. Likewise, pressing contact 600a
against device supporting surface 620 tends to use less force at bonding location R2 than at bonding
location R3. With this in mind, when detecting when a portion of a contact is pressed against a device
supporting surface of a wire bonding machine (e.g., as in step 202 of Fig. 2A, as in step 2545 of Fig.
2B, etc.) such detection may be repeated for different portions (e.g., such as bonding locations R1, R2,
and R3) of the contact. [0044]Figs. 7A-75 are flow diagrams in accordance with certain exemplary
embodiments of the present invention. As is understood by those skilled in the art, certain steps
included in the flow diagrams may be omitted; certain additional steps may be added; and the order of
the steps may be altered from the order illustrated. [0045]Fig. 7A is a flow diagram illustrating a
method of determining a bonding force used to bond a portion of a wire to a bonding contact in
accordance with an exemplary embodiment of the present invention. This method may be
accomplished concurrently with the bonding process (i.e., the force may be determined for a specific
contact and then applied after said determination in connection with the bonding process) or the
method may be accomplished prior to the bonding process (e.g., the force for a number of contacts
may be determined, and then the bonding process may be completed after the determinations are
made). At step 700, a tool is moved to contact a portion of a bonding contact of a device to be
wirebonded. The tool applies an initial force to the bonding contact. At step 702, the force applied to
the portion of the bonding contact is increased by the tool until the portion of the bonding contact is
pressed against a device supporting surface of the wire bonding machine. For example, the force may
be incrementally increased (e.g., using a predetermined increment of force) until the portion of the
bonding contact is pressed against a device supporting surface of the wire bonding machine. [0046]At
step 704, a value of the force applied to the portion of the bonding contact through which the bonding
contact was pressed against a device supporting surface of the wire bonding machine is stored in
memory (e.g., stored in memory of a computer of a wire bonding machine). At step 706, steps 700,
702, and 704 are repeated for a plurality of bonding locations of the bonding contact (e.g., such as the
bonding locations R1, R2, and R3 on contact/lead 600a of Fig. 6). At step 708, steps  



- 16 - 700, 702, and 704 are repeated for a plurality of bonding contacts of a device to be wirebonded
(e.g., such as contacts/leads 10, 11, and 12 of Fig. 5A). [0047]As provided above, the method
illustrated in Fig. 7A may include additional steps. For example, the method may include a further step
of recording each of a plurality of positions of the tool along a substantially vertical axis during the step
of incrementally increasing the force applied to the portion of the bonding contact such that each of the
plurality of positions corresponds to a force applied to the portion of the bonding contact. For example,
after the tool contacts the contact (but prior to the contact being pressed against the device supporting
surface of the wire bonding machine) each of a plurality of positions of the tool along the Z-axis may
be recorded along with the corresponding force applied. An example of this type of data is shown in
Fig. 5B described above. Referring to lead 10 of Fig. 5B, a first data point includes a vertical position
recorded at approximately 0.6 mils and approximately 6 grams of force. The second data point of lead
10 in Fig. 55 includes a vertical position recorded at approximately 0.48 mils and approximately 11
grams of force. For example, this data may be used to determine when the slope of the curve
changes, as described above with respect to Fig. 5B. [0048]The method of Fig. 7A may also include a
step of calculating a total force value to be applied to the portion of the bonding contact during a
bonding operation. For example, the total force value may be the force determined for each individual
contact. In another example, the total force value may be the highest force value determined for a
plurality of contacts. In yet another example, the step of calculating the total force value may include
adding (a) a predetermined force offset value to (b) the bonding force applied to the portion of bonding
contact in step 702 which causes the portion of the bonding contact to be pressed against a device
supporting surface of the wire bonding machine. Again, this predetermined force offset value may be
added to the individual force determined for each contact (or portion of a contact as in Fig. 6), or this
force offset value may be added to the highest force value determined for a plurality of contacts.
[0049]Fig. 76 is a flow diagram illustrating a method of forming a wire loop to provide interconnection
between a first bonding location and a second bonding location of a semiconductor device in
accordance with an exemplary embodiment of the present invention. At step 750, a first bond is
formed at the first bonding location with a bonding tool such that a wire engaged with the bonding tool
is continuous with the first bond. At step 752, a length of wire is extended from the first bonding
location toward the second bonding location. At step 754, a second bond is formed at a portion of a  -
17 - 



contact at the second bonding location such that the wire is continuous from the first bond to the
second bond. [0050]Step 754 includes several steps (or substeps). At step 754A, a bonding force
value is determined which presses the portion of the bonding contact against a device supporting
surface of the wire bonding machine. At step 7548, a total bonding force is applied to the portion of the
bonding contact, the total bonding force being greater than or equal to the bonding force value
determined in step 754A. At step 7540, bonding energy is applied to the bonding contact such that the
second bond is formed. At step 756, the wire is severed such that a length of wire engaged in the
bonding tool is separated from the wire loop formed in steps 750, 752, and 754. [0051]As with the
above described embodiments of the present invention, the steps of the method illustrated in Fig. 76
may be repeated to form a plurality of wire loops such that step 754 is repeated for each of a plurality
of contacts of the semiconductor device. [0052]In certain exemplary embodiments of the present
invention related to the method of Fig. 76, the total bonding force applied at step 7546 may be
selected to be the same for each of the plurality of contacts, whereby the selected total bonding force
is greater than or equal to the largest bonding force value determined in step 754A for any of the
plurality of contacts. For example, if the bonding force value is determined for three leads (e.g., where
the force values for the three leads measured 25 grams, 40 grams, and 50 grams), then the selected
total bonding force would be greater than or equal to 50 grams for each lead. In another example, the
selected total bonding force may be equal to the largest bonding force value determined in step 754A
for any of the plurality of contacts plus a predetermined force offset value. Thus, if 50 grams is the
largest bonding force value determined, and the predetermined offset value is 20 grams, then the
selected total bonding force would be 70 grams for each lead, [0053]In certain other exemplary
embodiments of the present invention related to the method of Fig. 76, the total bonding force applied
to each of the contacts in step 7546 may be selected independently for each of the plurality of
contacts, whereby the total bonding force selected for each of the plurality of contacts is greater than
or equal to the force value determined for the respective one of the plurality of contacts in step 754A.
For example, if the bonding force value is determined for three leads (e.g., where the force values for
the three leads measured 25 grams, 40 grams, and 50 grams), then the selected total bonding force
for the first lead would be greater than or equal to 25 grams, the selected total bonding force for the
second lead would be greater than or equal to 40 grams, and the selected total bonding force for the
third  



- 18 - lead would be greater than or equal to 50 grams. In another example, the selected total bonding
force may be equal to the force value determined for the respective one of the plurality of contacts in
step 754A plus a predetermined force offset value. Thus, if the predetermined offset value is 20 grams,
then the selected total bonding force for the first lead would be 45 grams (i.e., 25 grams plus 20 grams
offset), the selected total bonding force for the second lead would be 60 grams (i.e., 40 grams plus 20
grams offset), and the selected total bonding force for the third lead would be 70 grams (i.e., 50 grams
plus 20 grams offset). [0054]As with the above described embodiments of the present invention, the
steps of the method illustrated in Fig. 7B may be repeated to form a plurality of wire loops where each
of the plurality of wire loops is bonded to respective portions of a single contact (i.e., a plurality of wire
loops are formed between respective first bond locations and respective portions of the single contact,
as with the portions R1, R2, and R3 of contact 600a in Fig. 6). [0055]Although the present invention
has been described primarily with respect to bonding a portion of a wire to a contact where the contact
is a lead of a leadframe, it is not limited thereto. The techniques disclosed herein may be applied to
any type of contact including leads, pads, traces, of any type of device (e.g., a leadframe, a substrate
other than a leadframe, a semiconductor die, etc.). As is known to those skilled in the art, the "device
supporting surface" of a wire bonding machine (as that term is used herein) may be different
depending upon the application, and also depending upon the contact being bonded to. For example,
in the case of the contact being a lead of a leadframe, the device supporting surface may be, for
example, a heat block (amongst many other possible device supporting surfaces). If the contact is a
pad on a die, the device supporting surface may be the die surface to which the pad must be pressed.
Thus, it is clear that the device supporting surface may be whatever surface the contact should be
pressed against for bonding to the contact. [0056]Likewise, the techniques herein may be applied to
any type of looping process. For example, the techniques may be applied to formation of a wire bond
at (1) a first bond location, (2) a second bond location, (3) both a first bond location and a second bond
location, etc. Thus, prior to forming a first bond at a first bond location (e.g., ball bond 100a in Fig. 1A)
the techniques described herein may be used to make sure that the contact (e.g., a die pad of
semiconductor die 102 in Fig. 1A) is pressed against a device supporting surface prior to application of
bonding energy to the form the first bond.  - 19 - 



[0057]The techniques of the present invention may be implemented in a number of alternative
mediums. For example, the techniques can be installed on an existing computer system/server as
software (a computer system used in connection with, or integrated with, a wire bonding machine).
Further, the techniques may operate from a computer readable carrier (e.g., solid state memory,
optical disc, magnetic disc, radio frequency carrier medium, audio frequency carrier medium, etc.) that
includes computer instructions (e.g., computer program instructions) related to the techniques.
[0058]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.  20 CLAIMS 1. A method of applying bonding energy to form a
bond between a portion of a wire and a contact of a bonding location using a wire bonding machine,
the method comprising the steps of:         (1) moving a bonding tool towards the contact;         (2)
detecting when a portion of the contact is pressed against a device supporting surface of the wire
bonding machine; and 



(3) applying ultrasonic bonding energy to the portion of the contact after step (2) such that a bond is
formed between the contact and the portion of wire,        wherein the ultrasonic bonding energy is
applied at step (3) after a predetermined period of time lapses even if the portion of the contact has not
been detected to be pressed against the device supporting surface at step (2). 2. The method of claim
1 wherein step (2) includes detecting when a vertical position of the bonding tool is in a predetermined
position. 3. The method of claim 1 wherein the bonding tool is engaged with a transducer of the wire
bonding machine, and wherein step (2) includes detecting when an impedance characteristic of the
transducer reaches a predetermined level. 4. The method of claim 1 wherein step (2) includes
determining when at least one of (a) a bonding force and (b) a velocity of the bonding tool reaches a
predetermined level. 5. The method of claim 1 wherein the bonding tool is engaged with a transducer
of the wire bonding machine, and wherein step (2) includes detecting when a resonance of the
transducer reaches a predetermined level. 6. The method of claim 1 further comprising the step of (4)
determining a force value that will press the portion of the contact against the device supporting
surface of the wire bonding machine, and step (2) includes detecting when a force applied to the
portion of the contact has reached a threshold force, the threshold force being greater than or equal to
the force  21 value determined in step (4). 



7. The method of claim 1 wherein steps (1), (2), and (3) are repeated for each of a plurality of contacts
of a semiconductor device.  8. The method of claim 7 further comprising the step of (4) determining a
force value that will press the portion of the contact against the device supporting surface of the wire
bonding machine, wherein step (4) is repeated for each of the plurality of contacts of the
semiconductor device, and wherein step (2) includes detecting when a force applied to the contact has
reached a threshold force, the threshold force being greater than or equal to the force value
determined in step (4).  9. The method of claim 8 wherein the threshold force is selected to be the
same for each of the plurality of contacts such that the selected threshold force is greater than or equal
to the largest force value determined in step (4) for any of the plurality of contacts.  10. The method of
claim 9 wherein the selected threshold force is equal to the largest force value determined in step (4)
for any of the plurality of contacts plus a predetermined force offset value.  11. The method of claim 8
wherein the threshold force is selected independently for each of the plurality of contacts such that the
threshold force selected for each of the plurality of contacts is greater than or equal to the force value
determined for the respective one of the plurality of contacts in step (4).  12. The method of claim 11
wherein the selected threshold force for each of the plurality of contacts is equal to the force value
determined for that one of the plurality of contacts in step (4) plus a predetermined force offset value.
13. The method of claim 1 wherein steps (1), (2), and (3) are repeated for each of a plurality of
portions of the contact such that bonds are formed between each of the portions of the contact and
respective portions of the wire.  22 14. A method of forming a wire loop to provide interconnection
between a first bonding location and a second bonding location of a semiconductor device using a wire
bonding machine, the method comprising the steps of: 



(1) forming a first bond at the first bonding location with a bonding tool such that a wire engaged with
the bonding tool is continuous with the first bond; (2) extending a length of wire from the first bonding
location toward the second bonding location; (3) forming a second bond at the second bonding
location such that the wire is continuous from the first bond to the second bond, the step of forming a
second bond including:  (a) moving a bonding tool towards a contact at the second bonding location,
(b) detecting when a portion of the contact is pressed against a device supporting surface of the wire
bonding machine; and  (c) applying ultrasonic bonding energy to the portion of the contact after step
(b) such that a bond is formed between the contact and the wire, wherein the ultrasonic bonding
energy is applied to the portion of the contact at step (c) even if the portion of the contact has not been
detected to be pressed against the device supporting surface at step (b) within a predetermined period
of time; and (4) severing the wire such that a length of wire engaged in the bonding tool is separated
from the wire loop formed in steps (1), (2), and (3). 15. The method of claim 14 wherein step (b)
includes detecting when a vertical position of the bonding tool is in a predetermined position. 16. The
method of claim 14 wherein the bonding tool is engaged with a transducer of the wire bonding
machine, and wherein step (b) includes detecting when an impedance characteristic of the transducer
reaches a predetermined level. 17. The method of claim 14 wherein step (b) includes determining
when at least one of (1) a bonding force and (2) a velocity of the bonding tool reaches a predetermined
level. 



18. The method of claim 14 wherein the bonding tool is engaged with a transducer of the wire bonding
machine, and wherein step (b) includes detecting when a resonance of the  23 transducer reaches a
predetermined level.  19. The method of claim 14 wherein step (3) further comprises the step of (d)
determining a force value that will press the portion of the contact against the device supporting
surface of the wire bonding machine, and step (b) includes detecting when a force applied to the
portion of the contact has reached a threshold force, the threshold force being greater than or equal to
the force value determined in step (d).  20. The method of claim 14 wherein steps (1), (2), (3), and (4)
are repeated to form a plurality of wire loops such that step (3) is repeated for each of a plurality of
contacts of the semiconductor device.  21. The method of claim 20 wherein step (3) further comprises
the step of (d) determining a force value that will press the portion of the contact against the device
supporting surface of the wire bonding machine, wherein step (d) is repeated for each of the plurality
of contacts, and wherein step (b) includes detecting when a force applied to the contact has reached a
threshold force, the threshold force being greater than or equal to the force value determined in step
(d).  22. The method of claim 21 wherein the threshold force is selected to be the same for each of the
plurality of contacts such that the selected threshold force is greater than or equal to the largest force
value determined in step (d) for any of the plurality of contacts.  23. The method of claim 22 wherein
the selected threshold force is equal to the largest force value determined in step (d) for any of the
plurality of contacts plus a predetermined force offset value.  24. The method of claim 21 wherein the
threshold force is selected independently for each of the plurality of contacts such that the threshold
force selected for each of the plurality of contacts is greater than or equal to the force value
determined for the respective one of the plurality of contacts in step (d). 



24  25. The method of claim 24 wherein the selected threshold force for each of the plurality of
contacts is equal to the force value determined for that one of the plurality of contacts in step (d) plus a
predetermined force offset value.  26. The method of claim 14 wherein steps (1), (2), (3), and (4) are
repeated to form a plurality of wire loops such that step (3) is repeated for each of a plurality of
portions of the contact such that a plurality of wire loops are formed between respective first bond
locations and respective portions of the contact.  25 Abstract WIRE BONDING METHODS AND
BONDING FORCE CALIBRATION       A method of applying bonding energy to form a bond between
a portion of a wire and a contact of a bonding location using a wire bonding machine is provided. The
method includes: (1) moving a bonding tool towards the contact; (2) detecting when a portion of the
contact (100a) is pressed against a device supporting surface (112) of the wire bonding machine; and
(3) applying bonding energy to the portion of the contact such that a bond is formed between the
contact and the portion of wire. Fig. 1B 




