BONDING MACHINES FOR BONDING SEMICONDUCTOR ELEMENTS, METHODS
OF OPERATING BONDING MACHINES, AND TECHNIQUES FOR IMPROVING UPH
ON SUCH BONDING MACHINES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Patent Application
No. 62/212,481, filed August 31, 2015, the content of which is incorporated herein by

reference.
FIELD

[0002] The invention relates to the formation of electrical interconnections in
semiconductor packages, and more particularly, to improved bonding machines and

methods of operating the same.
BACKGROUND

[0003] In the semiconductor packaging industry, thermocompression bonding
(TCB) includes flip chip processes that are slow to be adopted, and may not be adopted
widely, if the productivity of such processes does not improve. Conventional capillary
flow underfilling of semiconductor dice is considered not possible on certain devices
(e.g., devices having greater than 4 layers). To underfill a semiconductor die during
die stacking a “"Non Conductive Fiim” (NCF) may be used. Other commonly used
names for NCF are “underfill film” (UF) or “wafer applied underfill film” (WAUF). A
challenge with this material is that the film tends to gets “tacky” at relatively low
temperatures. Once the film gets tacky the die handover from a transfer tool (e.g., the
picker or pick tool) to the place/bonding tool tends to become unreliable. To avoid
such handover issues the film temperature at the handover process is desirably at a
point well below the temperature where the fiim starts to be tacky while in contact with
the transfer tool; however, this low temperature requires extensive heating and cooling

ramps that required time and energy.

[0004] Thus, it would be desirable to provide improved bonding machines and
methods of operating the bonding machines.

SUMMARY

[0005] According to an exemplary embodiment of the invention, a method of

operating a bonding machine (e.g., a thermocompression bonding machine which may,



or may not, include a heated thermocompression bonding tool) is provided. The
method includes the steps of: (a) carrying a semiconductor element with a transfer
tool; and (b) transferring the semiconductor element from the transfer tool to a
bonding tool of the bonding machine without the transfer tool and the bonding tool

contacting the semiconductor element at the same time.

[0006] According to another exemplary embodiment of the invention, a bonding
machine (e.g., a thermocompression bonding machine which may, or may not, include
a heated thermocompression bonding tool) is provided. The bonding machine includes:
a bonding tool for bonding a semiconductor element to a substrate; a transfer tool for
transferring the semiconductor element to the bonding tool before the semiconductor
element is bonded to the substrate; and a gap defining tool for providing a
predetermined gap between (a) a contact surface of the bonding tool and (b) a contact
surface of the transfer tool, during transfer of the semiconductor element to the

bonding tool.

[0007] According to yet another exemplary embodiment of the invention, a
method of operating a bonding machine (e.g., a thermocompression bonding machine
which may, or may not, include a heated thermocompression bonding tool) is provided.
The method includes the step of: (a) carrying a semiconductor element with a transfer
tool; (b) providing a predetermined gap between (i) a contact surface of the
semiconductor element and (ii) a contact surface of a bonding tool, the predetermined
gap being provided by a gap defining tool of the bonding machine; and (c) transferring
the semiconductor element from the transfer tool to a bonding tool of the bonding

machine after step (b).

[0008] According to yet another exemplary embodiment of the invention, a
bonding machine (e.g., a thermocompression bonding machine which may, or may not,
include a heated thermocompression bonding tool) is provided. The bonding machine
includes: a bonding tool for bonding a semiconductor eilement to a substrate; and a
transfer tooi for transferring the semiconductor eiement to the bonding tool before the
semiconductor element is bonded to the substrate. The transfer tool includes a cooling

system for cooling a contact surface of the transfer tool.

[0009] According to yet another exemplary embodiment of the invention, a
method of operating a bonding machine (e.g., a thermocompression bonding machine
which may, or may not, include a heated thermocompression bonding tool) is provided.

The method includes the steps of: (a) carrying a semiconductor element with a transfer



tool, the transfer tool including a cooling system for cooling a contact surface of the
transfer tool; and (b) transferring the semiconductor element from the transfer tool to

a bonding tool of the bonding machine after step (a).
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention is best understood from the following detailed description
when read in connection with the accompanying drawings. It is emphasized that,
according to common practice, the various features of the drawings are not to scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or

reduced for clarity. Included in the drawings are the following figures:

[0011] FIGS. 1A-1E are block diagram views illustrating a conventional
semiconductor element transfer process where a semiconductor element is transferred

from a transfer tool to a bonding tool;

[0012] FIGS. 2A-2E are block diagram views illustrating a semiconductor
element transfer process in accordance with an exemplary embodiment of the invention

where a semiconductor element is transferred from a transfer tool to a bonding tool;

[0013] FIGS. 3A-3B are block diagram views of elements of a bonding machine

in accordance with an exemplary embodiment of the invention;

[0014] FIGS. 4A-4B are block diagram views of elements of another bonding

machine in accordance with an exemplary embodiment of the invention; and

[0015] FIGS. 5A-5B are block diagram views of elements of a yet another

bonding machine in accordance with an exemplary embodiment of the invention.
DETAILED DESCRIPTION

[0016] As used herein, the term “semiconductor element” is intended to refer to
any structure including (or configured to inciude at a later step) a semiconductor chip
or die. Exemplary semiconductor elements include a bare semiconductor die, a
semiconductor die on a substrate (e.g., a leadframe, a PCB, a carrier, a semiconductor
chip, a semicondcutor wafer, a BGA substrate, a semiconductor element, etc.), a
packaged semiconductor device, a flip chip semiconductor device, a die embedded in a
substrate, a stack of semiconductor die, amongst others. Further, the semiconductor

element may include an element configured to be bonded or otherwise included in a



semiconductor package (e.g., an interposer, a spacer to be bonded in a stacked die

configuration, a substrate, etc.).

[0017] As used herein, the terms “substrate” and “workpiece” are intended to
refer to any structure to which a semiconductor element may be bonded (e.g.,
thermocompressively bonded, flip chip bonded, etc.). Exemplary substrates include,
for example, a leadframe, a PCB, a carrier, a semiconductor chip, a semiconductor

wafer, a BGA substrate, a semiconductor element, etc.

[0018] According to certain exemplary embodiments of the invention, the
transfer process (i.e., the transfer from a transfer tool of a bonding machine to a
bonding tool of the bonding machine) may be improved by using a non tacky
transfer/pick tool (e.g., transfer/pick tools having a contact surface for contacting a
semiconductor element formed of a non-tacky material). Non tacky transfer/pick tools
will enable higher temperature handovers as the NCF film has less adherence to the
transfer/pick tool. The NCF film enables usage of hew materials as the film will act as a
cushion between (i) the harder, low tacky materials and (ii) the pillars, silicon die on
the other side. Examples of materials for low tacky transfer/pick tools (e.g., having a
contact surface formed of a non-tacky material) are Teflon® materials, coated rubbers

(e.g. parylene), etc.

[0019] Further, a low force handover process may be used to reduce film (e.g.,
NCF) deformation, thereby minimizing the contact area as well as mechanical adhesion
to transfer/pick tool. In certain embodiments of the invention, thermal energy may be
removed from the film (e.g., NCF) by creating a large thermo-gradient in the die/film
stack during the transfer process from the transfer tool to the bonding tool. In a
specific application a heated bonding tool contacts the semiconductor element (e.g., a

silicon die) whilst the cooled transfer/pick tool touches the NCF film.

[0020] According to certain exemplary embodiments of the invention, a high
thermo conductive transfer/pick tool may be used. Further, actively cooled

transfer/pick tools may be used.

[0021] According to further exemplary embodiments of the invention, the
handover of the semiconductor element (e.g., the die) may occur without simultaneous
contact between the semiconductor element and both the transfer/pick and the
bond/place tool.



[0022] Using such techniques, a significant UPH improvement is achieved.
Desirably, the invention allows for handover/transfer of semiconductor elements with

higher bond head temperatures.

[0023] Thus, in certain aspects of the invention, a non tacky (e.g., teflon)
transfer/pick tool material is used for die transfer/picking, for example, in combination

with a “low force”, “time optimized” handover process.

[0024] In other aspects, the semiconductor elements are transferred to a heated

bond/place tool in a non-contact die handover.

[0025] Handover/transfer at higher temperatures requires less extensive heat

and cooling ramps, thereby signicantly increasing bonder UPH.

[0026] Referring now to the drawings, FIGS. 1A-1E illustrate elements of a
conventional bonding machine and a conventional transfer operation for tranferring a
semiconductor element 110 between a transfer tool 108 and a bonding tool 102. Prior
to the view shown in FIG. 1A, semiconductor element 110 (e.g., a semiconductor die)
has been picked from a supply (e.g., a semiconductor wafer), where semiconductor
element 110 may have been picked by transfer tool 108, or by a separate pick tool
(and then transferred to transfer tool 108). In any event, at FIG. 1A, semiconductor
element 110 is held by transfer tool 108 using vacuum or the like. More specifically,
transfer tool 108 (which is carried by structure 106 of a bonding machine) defines
air/vacuum channels 108a. Using a vaccum pressure through channels 108a (as
illustrated by the downward arrow in FIG. 1A), semiconductor element 110 is held onto
contact surface 108al of transfer tool 108. Bonding tool 102, which defines
air/vacuum channels 102a, is carried by bond head assembly 100 (which defines
air/vacuum channel(s) 100a, and includes valve 104).

[0027] At FIG. 1B, at least one of bonding tool 102 and transfer tool 108 has
moved such that contact surface 102al of bonding tool 102 is in contact with a side of
semiconductor element 110. More specifically, in FIG. 1B, contact surface 108al of
transfer tool 108 is in contact with a first side of semiconductor element 110, and
contact surface 102al of bonding tool 102 is in contact with a second side of
semiconductor element 110 (opposite the first side of semiconductor element 110). In
FIG. 1B, as valve 104 is still closed, there is no vacuum pressure drawn through
channels 102a.



[0028] In FIG. 1C, valve 104 has been opened, so vacuum pressure is drawn
through channels 102a (see arrown pointing upward). In FIG. 1D, vacuum has been
removed from channels 108a, and actually has been replaced by positive air pressure
(see arrow with changed directions from FIG. 1C to FIG. 1D). In FIG. 1D, vacuum
applied in FIG. 1C through channels 102a is still present. Also, in FIG. 1D, relative
movement is occuring to separate transfer tool 108 from semiconductor element 110,
which is complete in the illustration shown in FIG. 1E. FIG. 1E also illustrates a closed
valve 112 shutting off air/vaccum through channels 108a of transfer tool 108. In FIG.
1E, bonding tool 102 may now be used to carry semiconductor element 110 to a
bonding location for subsequent bonding. While the process illustrated in FIGS. 1A-1E
is conventional in nature, it is also applicable to various aspects of the invention as

described below.

[0029] In contrast to FIGS. 1A-1E, FIGS. 2A-2E illustrate elements of an
inventive transfer operation (e.g., a transfer operation on a thermocompression
bonding machine, a flip chip bonding machine, etc.). As will be understood by those
skilled in the art, the transfer of a semiconductor element (e.g., a die) may be from a
pick tool to the bonding tool, where the pick tool picked the semiconductor element
from a semiconductor element source (e.g., a wafer). In another example, the transfer
of the semiconductor element may be from an intermediate transfer tool (not the pick
tool) to the bonding tool. Thus, a transfer tool may be a pick tool or another transfer
tool, but in any event the transfer tool transfers the semiconductor element to the

bonding tool (e.g., a heated bonding tool).

[0030] FIGS. 2A-2E illustrate a different process compared to FIGS. 1A-1E,
because semiconductor element 210 is transferred across a gap (e.g., see FIG. 2D,
where the semiconductor element 210 is being transferred without contact with both
transfer tool 208 and bonding tool 202 at the same time). Prior to the view shown in
FIG. 2A, semiconductor element 210 has been picked from a supply, where
semiconductor element 210 may have been picked by transfer tool 208, or by a
separate pick tool (and then transferred to transfer tool 208). In any event, at FIG.
2A, semiconductor element 210 is held by transfer tool 208 using vacuum or the like.
More specifically, transfer tool 208 (which is carried by structure 206 of the bonding
machine) defines air/vacuum channels 208a. Using a vaccum pressure through
channels 208a (as illustrated by the downward arrow in FIG. 2A), semiconductor
element 210 is held onto contact surface 208a1 of transfer tool 208. Bonding tool 202,



which defines air/vacuum channels 202a, is carried by bond head assembly 200 (which

defines air/vacuum channel(s) 200a, and includes valve 204).

[0031] On a bonding machine, each of bonding tool 202 and transfer tool 208
may have a distinct motion system for moving the respective tool in one or more
directions. Such motion systems may move the tools directly, or through a related
structure (e.g., bond head 200 carrying bonding tool 202, structure 206 carrying
transfer tool 208, etc.). At FIG. 2B, at least one of bonding tool 202 and transfer tool
208 has been moved with their respective motion system (as compared to the positions
of FIG. 2A) such that contact surface 202al of bonding tool 202 is in close proximity to
a side of semiconductor element 210. More specifically, in FIG. 2B, contact surface
208a1l of transfer tool 208 is in contact with a first side of semiconductor element 210,
and contact surface 202al of bonding tool 202 is in close proximity to (but not in
contact with) a second side of semiconductor element 210 (opposite the first side of
semiconductor element 210). In FIG. 2B, as valve 204 is still closed, there is no

vacuum pressure drawn through channels 202a.

[0032] In FIG. 2C, valve 204 has been opened, so vacuum pressure is drawn
through channels 202a (as shown by the arrow pointing upward). In FIG. 2D, vacuum
has been removed from channels 208a, and actually have been replaced by positive air
pressure (see arrow with changed directions from FIG. 2C to FIG. 2D). In FIG. 2D,
vacuum applied in FIG. 2C through channels 202a is still present. Also, in FIG. 2D,
semiconductor element 210 is drawn by the vacuum pressure drawn through channels
208a to cross the gap between (i) contact surface 202al of bonding tool 202 and (ii)
contact surface 208a1l of transfer tool 208. That is, semiconductor element is being
transferred from transfer tool 208 to bonding tool 202. This transfer may be assisted
using the positive air pressure provided through channes 208a present in FIG. 2D. In
FIG. 2E, the transfer is now complete, and semiconductor element 210 is carried by
bonding tool 202. FIG. 2E also illustrates a closed valve 212 shutting off air/vaccum
through channels 208a of transfer tool 208. After FIG. 2E, bonding tool 202 may now
be used to carry semiconductor element 210 to a bonding location for subsequent

bonding.

[0033] Of course, there are variations to the vacuum/air pressure sequence
shown in FIGS. 2A-2E within the scope of the invention. In one specific example,
vacuum pressure may be pulled through channels 202a on bonding tool 202 prior to
the time shown in FIG. 2C, for example, to increase the UPH (units per hours) of

machine operation.



[0034] In embodiments of the invention where there is a “gap” between (i) a
contact surface of the semiconductor element and (ii) a contact surface of the bonding
tool, there are various methods contemplated for setting the gap. The “gap” may also
be set bétween (i) a contact surface of the transfer tool and (ii) a contact surface of the
bonding tool. In certain exemplary configurations, a mechanical mechanism may be
provided to set the gap. FIGS. 3A-3B and FIGS. 4A-4B illustrate examples of such a

mechanical mechanism.

[0035] In FIG. 3A, a transfer tool 308 (which may be a pick tool) is carried by a
structure 306, where structure 306 is carried by a motion system (e.g., including an
arm 324) of the bonding machine (where the bonding machine includes the
semiconductor element supply source 320, structure 306 carried by the motion
system/arm 324, transfer tool 308, a bond head 300, and other elements not shown
for simplicity). In FIG. 3A, the motion system (including arm 324) carries the
transfer/pick tool 308 to pick a semiconductor element 322 (e.g., a semiconductor die)
from supply source 320, and then moves (e.g., flips) such that semiconductor element
322 is facing a bonding tool 302 carried by bond head 300. Structure 306 includes a
moving member 326 (such as a piston) that moves within chamber 328 between a
retracted position (such as shown in FIG. 3A) and an extended position (such as shown
in FIG. 3B). Moving member 326 includes pins 326a that are used to set a gap as
shown in FIG. 3B, thereby allowing for contactless transfer of semiconductor element
322 from transfer tool 308 to bonding tool 302. More specifically, after picking a
semiconductor element 322 from supply source 320, transfer tool 308 is moved
(including a rotative, or flipping, motion as shown in the rotative arrow in FIG. 3A) such
that the “picked” semiconductor element 322 is facing bonding tool 302 (as shown in
FIG. 3B). Pins 326a are used to set a “gap” between (i) a contact surface of
semiconductor element 322 and (ii) a contact surface of bonding tool 302. After the
“gap” is set as shown in FIG. 3B, transfer of semiconductor element 322 may be
accomplished, for example, using the technique shown in FIGS. 2A-2E. Specifically,
bonding tool 302 may have a structure such as bonding tool 202, and transfer tool 308

may have a structure such as transfer tool 208, as shown in FIGS. 2A-2E.

[0036] Although FIGS. 3A-3B illustrates a gap defining tool (moving member
326) integrated into structure 306 (or another portion of structure 308), it will be
appreciated that such a gap defining tool may be integrated into bonding tool 302 (or
another portion of bond head 300).



[0037] In FIGS. 4A-4B, a spacer 432 is shown secured to a structural
component 430 of the bonding machine. A transfer tool 408 (which may be a pick tool)
is carried by a structure 406, where structure 406 is carried by a motion system (e.g.,
including an arm 424) of the bonding machine (where the bonding machine also
includes the semiconductor element supply source 420, structure 406 carried by the
motion system/arm 424, transfer tool 408, a bond head 400, and other elements not
shown for simplicity). In FIG. 4A, the motion system (including arm 424) carries the
transfer/pick tool 408 to pick a semiconductor element 422 (e.g., a semiconductor die)
from supply source 420, and then moves (e.g., flips) such that semiconductor element
422 is facing a bonding tool 402 carried by bond head 400. Spacer 432 is positioned
between bonding tool 402 and transfer tool 408, and is used to set a “gap” between (i)
a contact surface of semiconductor element 422 and (ii) a contact surface of bonding
tool 402. Transfer tool 408 and bonding tool 402 are aligned with spacer 432 (see FIG.
4B) to set the gap for contactless transfer of semiconductor element 422 from transfer
tool 408 to bonding tool 402. After the “gap” is set as shown in FIG. 4B, transfer of
semiconductor element 422 may be accomplished, for example, using the technique
shown in FIGS. 2A-2E. Specifically, bonding tool 402 may have a structure such as
bonding tool 202, and transfer tool 408 may have a structure such as transfer tool 208,

as shown in FIGS. 2A-2E (e.g., an arm) of the bonding machine.

[0038] In contrast to use of a mechanical mechanism to set the gap (such as
shown in FIGS. 3A-3B and FIGS. 4A-4B), other exemplary methods involve driving the
transfer/pick tool and/or the bonding/place tool to positions where they do no touch the
semiconductor element (e.g., die) at the same time during transfer. More specifically,
it is desirable that the transfer tool and the bonding tool are not in contact with the
semiconductor element at the same time during transfer of the die from the transfer
tool to the bonding tool. Such motion systems desirably are configured with a method
of knowing where the tools are. Example options are: (i) sensors on at least one of the
transfer and bonding tools (e.g., such as transfer tool 208 and bonding tool 202 in
FIGS. 2A-2E, where such sensors are not visible in FIGS. 2A-2E) that can judge the
distance between them, such as an optical or capacitive sensor; (ii) calibration of the

motion system to know where they need to drive to in order to have the desired gap.

[0039] Examples for this option (ii) include: (a) in non-bonding mode, driving
the transfer and bonding tools until they touch, memorize those positions, and then
during a bonding mode move to positions that are less than that by the desired gap

plus a known die thickness; (b) with the pick or place tool, pick up a calibration piece of



known thickness, drive them to touch, remember the position, and then use this
information to calculate the positions that produce the desired gap; and (c) in a
bonding mode, pick up and transfer the semiconductor element (e.g., die) with contact
but at a temperature where the NCF is not soft or tacky, and then remember the
position for this contact transfer and then in future transfers use a position that ieaves
a gap and then allows for higher temperatures. Of course, other methods are

contemplated.

[0040] As will be appreciated by those skilled in the art, any of the
aforementioned calibrations (and others within the scope of the invention) may be
repeated at intervals (e.g., predetermined intervals such as predetermined time

intervals, a predetermined number of bonding operations, etc.).

[0041] According to embodiments of the invention transferring the
semiconductor element across a gap between (i) a contact surface of the
semiconductor element and (ii) a contact surface of the bonding tool, exemplary ranges
for the gap are: 1-500 micrometers; 5-500 micrometers; 15-400 micrometers; 30-300

mimcrometers and 10-100 micrometers.

[0042] FIGS. 5A-5B illustrate elements of a bonding machine where the transfer
mechanism includes a cooling system 550 for cooling the transfer tool 508. Transfer
tool 508 (which may be a pick tool) is carried by a structure 506 including a motion
system (e.g., including an arm 524) of the bonding machine (where the bonding
machine also includes the semiconductor element supply source 520, the motion
system/arm including transfer tool 508, a bond head 500, and other elements not
shown for simplicity). In FIG. 5A, the motion system (including arm 524) carries the
transfer/pick tool 508 to pick a semiconductor element 522 (e.g., a semiconductor die)
from supply source 520, and then moves (e.g., flips) such that semiconductor element
522 is facing a bonding tool 502 carried by bond head 500 as shown in FIG. 5B.
Transfer of semiconductor element 522 may be accomplished in a conventional manner
(as in FIGS. 1A-1E) or across a gap (as in FIGS. 2A-2E). That is, the “cooled” transfer
tool 508 may be used in conventional contact transfer (as in FIGS. 1A-1E), or the
inventive contactless transfer (as in FIGS. 2A-2E). For example, transfer tool 508 may
be cooled using cooling air provided through cooling system 550 (e.g., dispersed
through cooling channels in transfer tool 506) for cooling a contact surface of transfer
tool 508. In another example, transfer tool 508 may be cooled using a thermoelectric
cooler of cooling system 550 for cooling the contact surface of transfer tool 508.
Exemplary temperature ranges for the transfer/pick tool with cooling system 550 at the
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time of transfer are: -30 to +20 degrees Celsius; -20 to +15 degrees Celsius; and -15
to +10 degrees Celsius. Thus, as will be appreciated by those skilled in the art, cooling
system 550 may take a number of forms including but not limited to a forced air based

cooling system, a thermoelectric cooling system, passive air cooling, amongst others.

[0043] Using certain of the techniques disclosed herein, the temperature of the
semiconductor element (e.g., die) at transfer may be increased. Exemplary ranges for
the semiconductor element at transfer from the transfer tool to the bonding tool are:
100-160 degrees Celsius; degrees Celsius 115-160; and 130-160 degrees Celsius.

[0044] Thus, aspects of the invention relate to processes and mechanisms that
provide for transfer of a semiconductor element at higher bonding tool temperatures,
where the NCF would deform under the standard transfer conditions. Conventional die
transfer involves the NCF not deforming under the force and time of the transfer
process. An example force at transfer is about 0.5 to about 10N, and an example
transfer time is about 10 to 300 ms. Under these conditions, the NCF is conventionally
desirably kept at a temperature so as not to deform.

[0045] As provided herein, methods of achieving transfer at higher bond head
temperatures include: (1) transfer of the die across a gap, such that the film is not in
contact with the transfer/pick tool at the time it becomes in contact with the bonding
tool - under these conditions the NCF may be soft at the temperatures of the bonding
tool, but deformation does not occur because no force is applied against the
transfer/pick tool; (2) establishment of a mechanism and process such that although
the bonding tool is at a temperature where the NCF would be soft, there is a
substantial temperature gradient from the bonding tool through the die to the NCF -
for example, the transfer/pick tool in contact with the NCF may be cooled so that the
NCF stays sufficiently hard when the bonding tool is in contact with the opposite site of
the die at a temperature where the NCF would normally be soft if it were at that

temperature.

[0046] The NCF may be considered to be soft (deformed): (1) if the viscosity is
less than about 50,000 Poise; (2) if the viscosity is less than about 30,000 Poise; (3) if
the viscosity is less than about 20,000 Poise. Of course, these numbers are exemplary
in nature, and may vary. According to aspects of the invention, a semiconductor
element may be transferred at a bonding tool temperatures where the NCF would
normally be soft if it reached the bond head temperature, but it does not, for example,

because of transfer across a gap, or a cooled transfer tool.
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[0047] 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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What is Claimed:

1. A method of operating a bonding machine, the method comprising

the steps of:
(a) carrying a semiconductor element with a transfer tool; and

(b) transferring the semiconductor element from the transfer tool to a
bonding tool of the bonding machine without the transfer tool and the bonding tool
contacting the semiconductor element at the same time.

2. The method of claim 1 wherein the bonding machine is a
thermocompression bonding machine, and the bonding tool is a heated

thermocompression bonding tool.

3. The method of claim 1 or 2 wherein step (b) includes transferring
the semiconductor element across a gap between (i) a contact surface of the

semiconductor element and (ii) a contact surface of the bonding tool.

4. The method of claim 3 wherein the gap is between 1-500

micrometers.

5. The method of any one of claims 1 to 4 wherein the transfer tool
is a pick tool used to pick the semiconductor element from a semiconductor element

source prior to step (a).

6. The method of any one of claims 1 to 5 wherein the
semiconductor element includes a non-conductive film on a first side of the
semiconductor element, the first side of the semiconductor element being in contact

with a contact surface of the transfer tool during step (a).

7. The method of any one of claims 1 to 6 wherein step (b) includes

providing a vacuum on the bonding tool during the step of transferring.

8. The method of claim 7 wherein step (b) includes providing a
positive air supply from the transfer tool toward the bonding tool during the step of

transferring.
9. A bonding machine comprising:

a bonding tool for bonding a semiconductor element to a substrate;

-13 -



a transfer tool for transferring the semiconductor element to the bonding

tool before the semiconductor element is bonded to the substrate; and

a gap defining tool for providing a predetermined gap between (a) a
contact surface of the bonding tool and (b) a contact surface of the transfer tool, during

transfer of the semiconductor element to the bonding tool.

10. The bonding machine of claim 9 wherein the bonding machine is a
thermocompression bonding machine, and the bonding tool is a heated

thermocompression bonding tool.

11. The bonding machine of claim 9 or 10 wherein the predetermined
gap is between 1-500 micrometers.

12. The bonding machine of any one of claims 9 to 11 wherein the
gap defining tool is integrated into at least one of the transfer tool and the bonding

tool.

13. The bonding machine of any one of claims 9 to 12 further
comprising a semiconductor element source, and wherein the transfer tool is a pick tool

used to pick the semiconductor element from the semiconductor element source.

14. The bonding machine of any one of claims 9 to 13 wherein the
semiconductor element includes a non-conductive film on a first side of the
semiconductor element, the first side of the semiconductor element being in contact
with a contact surface of the transfer tool before transfer of the semiconductor element

to the bonding tool.

15. A method of operating a bonding machine, the method comprising
the steps of:

(a) carrying a semiconductor element with a transfer tool;

(b) providing a predetermined gap between (i) a contact surface of the
semiconductor element and (ii) a contact surface of a bonding tool, the predetermined

gap being provided by a gap defining tool of the bonding machine; and

(c) transferring the semiconductor element from the transfer tool to a

bonding tool of the bonding machine after step (b).
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16. The method of claim 15 wherein the bonding machine is a
thermocompression bonding machine, and the bonding tool is a heated

thermocompression bonding tool.

17. The method of claim 15 or 16 wherein the predetermined gap is

between 1-500 micrometers.

18. The method of any one of claims 15 to 17 wherein the transfer
tool is a pick tool used to pick the semiconductor element from a semiconductor

element source prior to step (a).

19. The method of any one of claims 15 to 18 wherein the
semiconductor element includes a non-conductive film on a first side of the
semiconductor element, the first side of the semiconductor element being in contact

with a contact surface of the transfer tool during step (a).

20. The method of any one of claims 15 to 19 wherein step (c)

includes providing a vacuum on the bonding tool during the step of transferring.

21. The method of claim 20 wherein step (c) includes providing a
positive air supply from the transfer tool toward the bonding tool during the step of

transferring.

22. The method of any one of claims 15 to 21 wherein the gap
defining tool is integrated into at least one of the transfer tool and the bonding tool.

23. A bonding machine comprising:
a bonding tool for bonding a semiconductor element to a substrate; and

a transfer tool for transferring the semiconductor element to the bonding
tool before the semiconductor element is bonded to the substrate, the transfer tool

including a cooling system for cooling a contact suiface of the transfer tool.

24. The bonding machine of claim 23 wherein the bonding machine is
a thermocompression bonding machine, and the bonding tool is a heated

thermocompression bonding tool.
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25. The bonding machine of claim 23 or 24 further comprising a
semiconductor element source, and wherein the transfer tool is a pick tool used to pick

the semiconductor element from the semiconductor element source.

26. The bonding machine of any one of claims 23 to 25 wherein the
semiconductor element includes a non-conductive film on a first side of the
semiconductor element, the first side of the semiconductor element being in contact
with a contact surface of the transfer tool before transfer of the semiconductor element

to the bonding tool.

27. The bonding machine of any one of claims 23 to 26 wherein the

cooling system includes cooling air for cooling the contact surface of the transfer tool.

28. The bonding machine of any one of claims 23 to 26 wherein the

cooling system includes a thermoelectric cooler.

29. A method of operating a bonding machine, the method comprising
the steps of:

(a) carrying a semiconductor element with a transfer tool, the transfer

tool including a cooling system for cooling a contact surface of the transfer tool; and

(b) transferring the semiconductor element from the transfer tool to a

bonding tool of the bonding machine after step (a).

30. The method of claim 29 wherein the bonding machine is a
thermocompression bonding machine, and the bonding tool is a heated

thermocompression bonding tool.

31. The method of claim 29 or 30 wherein the transfer tool is a pick
tool used to pick the semiconductor element from a semiconductor element source

prior to step (a).

32. The method of any one of claims 29 to 31 wherein the
semiconductor element includes a non-conductive film on a first side of the
semiconductor element, the first side of the semiconductor element being in contact

with a contact surface of the transfer tool during step (a).

33. The method of any one of claims 29 to 32 wherein the cooling

system includes cooling air for cooling the contact surface of the transfer tool.
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34. The method of any one of claims 29 to 32 wherein the cooling

system includes a thermoelectric cooler.
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