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DIE BONDING METHOD UTILIZING ROTARY WAFER TABLE

Field of the Invention

The invention relates to semiconductor die bonding, and in particular, to methods
of transferring semiconductor dice from one location to another.

Backaround and Prior Art

In a die bonding apparatus a silicon wafer is supported on a carrier such as a
wafer table. The wafer is generally circular and is made up of a large number of
electronic components or dice which are arranged in a matrix. The dice are
picked up from the wafer table by a pick-and-place device which transfers the
dice individually from the wafer to bending positions comprising respective bond
pads on a substrate such as a leadframe.

Conventionally, the dice are picked up from a fixed pick-up position and then
transferred to a bonding position on a substrate. The wafer is supported on a
movable wafer table which re-positions the wafer so that each die may be picked
up by the pick-and-place device from the pick-up position. The wafer table is
adapted to move the wafer in mutually orthogonal X and Y directions, and to
achieve maximum speed, the wafer table is adapted to move in both the X and Y
directions simuitaneously. In this way any die on the wafer can be moved to the
pick-up position for die pick-up. Such conventional designs have disadvantages
with the introduction of larger wafers that are becoming more common in the field.

One factor affecting throughput is the travel distance of the pick-and-place device
between the pick-up position and the bonding position, and throughput is
generally affected by the size of the wafer. For example, io move a die on a 6-
inch diameter wafer to the pick-up position, the wafer table must have a range of
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travel of at least 6 inches in both the X and Y directions. This distance increases
with larger wafers so that more time is required to transfer dice from a larger
wafer to substrates for bonding. Therefore, throughput is reduced when the
wafers are larger. The footprint of the wafer table must also be increased to
provide sufficient space for the translational displacement of the wafers which is
dependent on the locus of its working area. As a result, the die bonding
apparatus is also larger.

FIG. 1 illustrates a conventional die bonding apparatus with a conventional die
transfer system 100. A wafer table supporting a wafer 101 with singulated dice
102 is movable along X and Y directions to move each die 102 to a fixed die
pick-up position 108. A die transfer device 104 includes a die pick tool 106 to
pick up a die 102 from a die pick-up point 108 to a bonding point 110 on a
substrate 112. The substrate 112 is indexed along a substrate holder 114 to
position respective bond pads to the bonding point 110 to receive the dice 102.
Each die 102 is moved to the die pick-up point 108 by moving the wafer 101
within a locus 116 or working area in order to move each die 102 on a wafer 101
of diameter D. The minimum travel distance of the die pick tool 106 from the die
pick-up point 108 to the side of the substrate holder 114 closest to the wafer
table is at least greater than D and the working envelope or area required for
movement by the wafer table is 2D.

Summary of the Invention

Thus, it is an object of the invention to seek to provide a die bonding method
which provides improved throughput and smaller footprint as compared to the
prior art described above.

Accordingly, the invention provides a method of bonding an array of
semiconductor components onto one or more substrates, comprising the steps of:
providing a first plurality of semiconductor components and a second plurality of
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semiconductor components on a carrier; locating the first plurality of
semiconductor components for pick-up by a transfer device; picking up each
semiconductor component comprised in the first plurality of semiconductor
components with the transfer device and bonding it onto a respective bonding
position on the one or more substrates; after the first plurality of semiconductor
components have been picked up and bonded, rotating the carrier and locating
the second plurality of semiconductor components for pick-up by the transfer
device; and thereafter picking up each semiconductor component comprised in
the second plurality of semiconductor components with the transfer device and
bonding it onto a respective bonding position on the one or more substrates

It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings. The particularity of the drawings and
the related description is not to be understood as superseding the generality of
the broad identification of the invention as defined by the claims.

Brief Description of the Drawings

An example of an apparatus and method in accordance with the invention will
now be described with reference to the accompanying drawings, in which:

FIG. 1 illustrates a conventional die bonding apparatus with a conventional die
transfer system;

FIG. 2 is a perspective view of a die bonding apparatus incorporating a die
transfer system according to the preferred embodiment of the invention;

FIGs. 3(a) to 3(c) are plan views of the die transfer system of FIG. 2 illustrating a
pick-and-bond operation according to a first preferred embodiment of the
invention; and
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FIG. 4 is a plan view of the die transfer system of FIG. 2 illustrating a pick-and-
bond operation according to a second preferred embodiment of the invention.

Detailed Description of the Preferred Embodiment of the Invention

FIG. 2 is a perspective view of a die bonding apparatus incorporating a die
transfer system 10 according to the preferred embodiment of the invention. A
carrier such as a wafer table supports a plurality of semiconductor components,
which may be in the form of a circular wafer 12 with singulated dice 14. The
singulated dice 14 are arranged in an array. The wafer table is operable to move
a die to a die pick-up point 16 by a combination of translational and/or rotational
motion. The die pick-up point 16 is prefereably fixed.

A die transfer device 18 includes a die pick tool 20 to pick up a die 14 from the
die pick-up point 16 before it moves the die pick tool 20 to a bonding position 22
on a substrate 24 supported on a substrate holder 26 in order to bond the die 14.
The semiconductor components or dice 14 may be bonded onto one or more
substrates 24 which are supported on the substrate holder 26. The die transfer
device 18 may also be in the form of a rotary tool operating either solely by
rotational motion or combining both linear and rotational motions to transfer a
target die 14 from the die pick-up point 16 to the bonding position 22,

The substrate 24 is conveyed and indexed on the substrate holder 26 along the
X-axis to position a bond pad to the bonding position 22 for receiving a die 14.
The substrate holder 26 is also rotatable on the horizontal X-Y plane, preferably
by up to 180 degrees in each rotational direction, so as to correct the orientation
of the substrate 24 relative to the die 14 before bonding the die 14 onto the
substrate 24,

Each die 14 on the water 12 is moved to the die pick-up point 16 by translational
and/or rotational motion of the wafer 12 within a locus 28 or working area to
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position each die 14 on the wafer 12 having diameter D to the die pick-up point
16. The pick-up point 16 is locatable nearer to the substrate holder 26 by a
distance of at least 2 D as compared to the prior art. Therefore, the iravel
distance of the die transfer device 18 is reduced from at least D in the prior art to

at least 12 D.

FIGs. 3(a) to 3(c) are plan views of the die transfer system 10 of FIG. 2
illustrating a pick-and-bond operation according to a first preferred embodiment
of the invention. FIG. 3(a) shows the pick-and-bond operation for a first plurality
of dice 14 extending for a first half of the wafer 12 located nearest to the
substrate holder 26. The die transfer device 18 travels a distance of at least 12 D
to relocate each die 14 from the pick-up point 16 to the bonding position 22, and
to bond the die 14 onto a respective bonding position on the substrate 24. The
locus 28 of the wafer table when it moves and repositions the wafer 12 to locate
each die in the first half of the wafer 12 of diameter D to the pick-up point 16 is
illustrated in dotted lines.

In FIG. 3(b), all the dice 14 in the first half of the wafer 12 have been re-located
to the substrate 24 which has also been indexed to position each bond pad to the
bending point 22 to receive the corresponding die 14. The wafer 12 has been
shifted a distance %2 D toWards the substrate holder 26 at the time when the dice
14 located in the last remaining row in the first half of the dice 14 are transferred
to the substrate 24.

FIG. 3(c) shows the wafer 12 after it has been rotated by 180 degrees by the
wafer table to reposition a second plurality of dice 14 extending for a second half
of the wafer 12 adjacent to the substrate holder 26 for subsequent pick-up at the
pick-up point 16. The second plurality of dice 14 preferably compises
substantially the same number of dice 14 as the first plurality of dice.
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At the same time, the substrate holder 26 is rotated by the same angle that the
wafer tale was rotated, i.e. 180 degrees, so that bond pads corresponding to the
dice 14 in the second half of the wafer may be located to the bonding point 22 to
receive the respective die 14. Rotating the substrate holder 26 also aligns the
orientation of the dice 14 on the wafer 12 with the required orientation of the dice
to be bonded onto the substrate 24, Hence, the traveling distance of the wafer
table as well as the working area for the die transfer system 10 can be reduced.
Thereafter, the transfer device 18 bonds each die 14 from the second plurality of
dice 14 onto a respective bonding position 22 on the substrate 24.

FIG. 4 is a plan view of the die transfer system 10 of FIG. 2 illustrating a pick-
and-bond operation according to a second preferred embodiment of the invention.
The wafer 12 has been rotated 180 degrees by the wafer table to reposition the
second half of dice 14 on the wafer 12 next to the substrate holder 26 for
subsequent pick-up at the pick-up point 16. Unlike the first pick-and-bond
operation wherein the substrate holder 26 is rotatable and is rotated by 180
degrees to align the bond pads with the dice 14 in the second half of the wafer
before bonding, the die pick tool 20 comprises a rotary tool that is rotatable to
change the orientation of each die 14 picked from the second half of wafer 12 so
that it is in the correct orientation for bonding onto the substrate 24. The
traveling distance of the wafer table and the die transfer device 18 as well as the
working area for the wafer table is reduced by substantially the same amount as
with the pick-and-bond operation according to the first preferred embodiment of

the invention.

It should be appreciated that the invention helps to reduce the travel distance of
the die transfer device 18 from the pick-up point 16 to the bonding point 22 by
about half of the wafer diameter to ¥2 D and the locus 28 of each working area is
smaller than in the prior art. As a result, the footprint of the die bonding
apparatus for larger wafers can be reduced and the throughput of the transfer
process is increased.



The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which
fall within the spirit and scope of the above description.
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Claims

1. Method of bonding an array of semiconductor components onto one or
more substrates, comprising the steps of:

providing a first plurality of semiconductor components and a second
plurality of semiconductor components on a carrier;

locating the first plurality of semiconductor components for pick-up by a
transfer device;

picking up each semiconductor component comprised in the first plurality
of semiconductor components with the transfer device and bonding it onto a
respective bonding position on the one or more substrates;

after the first plurality of semiconductor components have been picked up
and bonded, rotating the carrier and locating the second plurality of
semiconductor components for pick-up by the transfer device; and thereafter

picking up each semiconductor component comprised in the second
plurality of semiconductor components with the transfer device;

rotating a pick tool of the transfer device to change the orientation of the
semiconductor component relative to the substrate after picking up each
semiconductor component comprised in the second plurality of semiconductor
components, but before bonding it onto a respective bonding position; and

bonding each semiconductor component comprised in the second plurality
of semiconductor components onto a respective bonding position on the one or

more substrates.

2. Method as claimed in claim 1, wherein the semiconductor components
comprise semiconductor dice of a circular semiconductor wafer, and the

semiconductor dice are arranged in an array.

3. Method as claimed in claim 2, wherein the first plurality of semiconductor
dice extends for a first half of the wafer, and the second plurality of

semiconductor dice extends for a second half for the wafer.
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4. Method as claimed in claim 3, wherein all the semiconductor dice

comprised in the first half of the wafer are picked up before the carrier is rotated.

5. Method as claimed in any one of the preceding claims, wherein the
semiconductor components are picked from a fixed pick-up point, and picking up
each semiconductor component further comprises the step of moving said
semiconductor component to the fixed pick-up point by translational and/or

rotational motion of the carrier.

6. Method as claimed in any one of the preceding claims, wherein the one or
more substrates are supporied on a substrate holder which is rotatable to change

an orientation of the substrate relative to the semiconductor components.

7. Method as claimed in claim 6, wherein after the step of rotating the carrier,
the substrate holder is rotated by a same angle that the carrier was rotated.

8. Method as claimed in claim 7, wherein the substrate holder is rotated by

up to 180 degrees on a horizontal plane.

9. Method as claimed in any one of the preceding claims, wherein the first
plurality of semiconductor components and the second plurality of semiconductor
components each comprises substantially the same number of semiconductor

components.

10.  Method as claimed in any one of the preceding claims, wherein the carrier
is rotated by 180 degrees.

11. Method as claimed in any one of the preceding claims, wherein the pick

tool is rotated by a same angle that the carrier was rotated.
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12. Method as claimed in any one of the preceding claims, wherein the
transfer device is rotated by 180 degrees.



