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sure to the clamping zones (4). A gas supply mechanism (6) is arranged to locally cancel the vacuum clamping pressure in a speci-
fied clamping zone (4) and a controller arranged for controlling the gas supply mechanism (6) to release a selected die (2') of the
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CHIP DIE CLAMPING DEVICE AND TRANSFER METHOD

FIELD OF THE INVENTION

The invention relates to a chip die clamping device arranged for placement of chip

dies in a chip manufacturing process.

BACKGROUND OF THE INVENTION

In the ongoing miniaturization process of integrated circuit devices, the
latest developments involve the manufacture of multiple stacks of ultrathin
silicon dies, which require great care in the handling process as the die
thicknesses reduce to sub 100 micron, or even in the 10-50 micron zone. These
thicknesses are generally incompatible with existing pick-up methods for
semiconductor dies. Such methods are based on the fact that the stiffness of the
die 1s much higher than the stiffness of the carrier tape that is attached to a face
of the dies. The carrier tape 1s used to hold the wafer together in the dicing
process and must be removed when 1solating the dies. The conventional pick-up of
a thin die from the tape 1s performed with help of a lifting needle that pushes
through the tape against the die, thus creating stresses at the die edge that
mitiate peeling. First the chip 1s attached to a pickup tool through vacuum and
then separated (peeled) from the adhesive tape.

The pushing action of the needles 1s required as the vacuum force alone 1s
not strong enough to overcome the adhesion and 'squeeze-flow' forces. However,
the pushing force, as well as the edge stresses as a result of the pushing needle
only occur when the bending stiffness of the die 1s much higher than the bending
stiffness of the foil. For very thin dies this is no longer valid.

Using slower peel speeds can help, but this will increase the cycle time and
reduce productivity. Reducing chip thickness or increasing the size will result in
an even greater chance of the chip breaking during peeling. And, even if the

adhesive force 1s eliminated, the remaining fluid layer below the die may cause
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squeeze flow effects that - at relevant pick-up speeds - yield a required pick-up
force that is much higher than what can be applied by a vacuum nozzle.

Additionally, any remaining adhesive has to be removed and is a source of
package contamination.

A desire exists to provide an alternative to the conventional clamping
methods. US2005/0019980 discusses vacuum clamping arrangements for chip
dies. In this disclosure a chip die clamping device 1s arranged for placement of
chip dies in a chip manufacturing process, comprising segmented clamping zones
on a top face arranged for placement of the dies. A vacuum circuit 1s arranged for
providing a vacuum clamping pressure to the clamping zones. The vacuum in the
zones 1s individually controlled, which complexifies the vacuum system by a

multitude of vacuum tubing.

SUMMARY OF THE INVENTION

According to an aspect of the invention, there is provided a chip die
clamping device arranged for placement of chip dies in a chip manufacturing
process, comprising a carrier plate comprising compartmented clamping zones on
a top face arranged for placement of a diced wafer. A gas supply mechanism is
arranged to locally cancel the clamping pressure in a specified clamping zone and
a controller arranged for controlling the gas supply mechanism to release a
selected die of the diced wafer in response to received pick and place instructions.
According to another aspect, a method of placement of chip dies in a chip
manufacturing process, comprising: providing a carrier plate comprising
compartmented clamping zones on a top face arranged for placement of a diced
wafer; providing a clamping pressure to the clamping zones; locally supplying
gas on a bottom face opposite a specified clamping zone to locally cancel the
clamping pressure; and controlling the gas supply mechanism to release a

selected die of the diced wafer in response to received pick and place instructions.
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In yet another aspect, a method of placement of chip dies in a chip
manufacturing process is provided, comprising: providing a carrier plate
comprising compartmented clamping zones on a top face arranged for placement
of a diced wafer; providing a clamping pressure to the clamping zones; locally
supplying gas on a bottom face opposite a specified clamping zone to locally cancel
the clamping pressure; and controlling the gas supply mechanism to release a
selected die of the diced wafer in response to received pick and place instructions.

Advantages may include less breakdown risk in the pick and place process.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a first embodiment according to an aspect of the invention;

Figure 2 shows a detail of the Figure 1 embodiment;

Figure 3 and Figure 4 show details of the nozzle and chip die transfer
process;

Figure 5 shows a mechanism to limit gas flow 23 in a vacuum clamping
system;

Figure 6 shows an application for selective transfer of dies; and

Figure 7 shows an embodiment incorporating the selected die transfer

mechanism and local alignment system

DETAILED DESCRIPTION OF EMBODIMENTS

Now referring to Figure 1, there is provided a schematic side view of the
chip die clamp according to an aspect of the invention. Prior to clamping, a diced
wafer 20 1s placed on the clamp, typically being held by a transport tape 22. By
providing a clamping action, in the present embodiment by providing a vacuum
clamping pressure, the wafer 1s held firm to the carrier plate 3.

The machine may comprise a peel off arrangement 19 for peeling of a

transport tape 22 from the diced wafer 20, after clamping prior to release. Such
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transport tapes are commonly known and may be used to maintain integrity of a
wafer after thinning and possible dicing and need to be removed at some point in
the manufacturing process, for example, when stacking the dies in a 3D stack.
Figure 1 illustrates a pickup nozzle arrangement 7 cooperating in synchronicity
with a gas supply mechanism 6 that selectively releases the clamping pressure.
Thus, in a timed movement, the die 2’ 1s selectively released from the clamp 1,
while picked up by the pickup nozzle 7. Thus, by proper construction, the
handling forces on the fragile dies are reduced to a minimum. As illustrated
herebelow, selective release of the die may be provided outside the pickup-nozzle
7 arrangement, for example, in a wafer to wafer alignment of Figure 6. Not
illustrated 1s a controller arranged for controlling the gas supply mechanism 6 to
release a selected die 2’ of the diced wafer 20 in response to received pick and
place instructions.

The clamp 1 may be made of silicon, glass or epoxy based substrate
material. In an embodiment, the clamp 1 1s a vacuum clamp, for example, of
porous aluminum, where that a vacuum 1s provided underneath the carrier plate
3 and transferred to the clamping zones 4 via channels 11. The carrier plate 3 can
be provided with a gas bearing 25 slidably arranged over a support 26.

Figure 2 shows a detail of the Figure 1 embodiment disclosing a combined
action of a blowout nozzle 6 and a pick-up nozzle 7. In particular, the nozzle 60 on
bottom face 8 opposite the clamping zones 4 on top face 5 1s movable in a plane
parallel to the carrier plate 3, and the carrier plate 3 1s structured to allow gas
flow 23 between both sides in the carrier plate 3. This provides a blowout gas flow
23 that pushes the die from the clamping chuck, towards pickup nozzle 7. In this
embodiment, gas flow 23 may be relatively uncontrolled, since the transfer may
be relatively inaccurate. Preferably, though, the clamping zone 4 comprises gas
guiding structures 11 for guiding the gas flow 23 in a direction normal to the
carrier plate 3. In addition to this, the gas guiding structure 11 comprises a
walled porous structure. The walls have a typical dimension smaller than a die,

for example, in a range of 0.1-1 times a die diameter. This enhances controlled
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blowout of a selected die 2’. The exact position of the die on the pick-up nozzle 7 is
in this embodiment not crucial since in later placement actions, the pick-up
nozzle 7 can be scanned by metrology systems for accurate placement.

Figure 3 and Figure 4 show details of the nozzle 60 and chip die transfer
process, wherein the nozzle 60 and/or the clamping zone 4 are sectioned to
provide a gradient gas flow 230 to provide an even more controlled release from a
side of the die 2. In particular, nozzle 60 head comprises a section wall 61 so that
a gas flow 23 can be tuned to a stronger flow on one side of the wall die to expel a
squeeze flow from the underneath a die 2 when the die is selectively blown away
from the carrier plate 3 towards an underlying substrate 30.

Figure 5 shows a mechanism to limit gas flow 23 due to exposed clamping
zones 4. While 1n principle, the gas pressure can be tuned to provide a minimum
clamping pressure, when the clamping zones 4 are exposed, this will be at the cost
of increasing gas flows. By careful designing of gas flow channel diameter 11 the
gas flow 23 can be limited to relative small volumes. Additionally, the flow can be
controlled by providing a cover mechanism 17 for covering exposed clamping
zones after release. In particular, the cover mechanism 17 may comprise a rolling
foil 19 system including a reel 18 and a foil 19 attached to a side of the carrier
plate 3, the foil 19 arranged around the reel 18 and the reel 18 being rollable over
exposed clamping zones after release. Alternatively, the foil 19 may be rolled
around the reel 18. By sectioning the reel 18, for example, by driving it from both
axial sides, even more selective coverage can be provided and the reel 18 can be
controlled to cover rows of clamping zones 4 after selective removal of the
corresponding dies.

Figure 6 shows a further application for selective transfer of dies. In this
concept, plural stacks of dies can be provided by aligning a clamped diced wafer
20 relative to another clamped wafer 200. To this end a base plate 13 1s provided
for carrying a second wafer 200; and an alignment system for aligning the carrier
plate 3 relative to the base plate 13. The alignment system comprises a metrology

system 15, 15' facing the base plate 13 and the carrier plate 3, the base plate 13
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and carrier plate 3 separately movable along parallel planes and comprising
markers 16 corresponding to the metrology system 15.

Prior to alignment, the dies are mapped so that their relative positions are
known. During placement, the dies 2 are selectively transferred after individual
alignment, corresponding to the mapped positions. The transfer distance is only a
minimal gap height of about 10-100 micron, wherein the minimal distance is
defined by the thickness of the die or stack of dies.

This can greatly speed up the stacking process relative to a conventional
die to wafer process, wherein each die 1s individually placed by pick and place
manipulation over significant distances of at least tens of centimeters. In
comparison with a conventional wafer to wafer process, individual alignment 1s
possible which can compensate for local aberrations, and which can also prevent
placement of known good dies on marked bad dies. In this embodiment, a
complete diced wafer 20 1s picked up by a wafer size vacuum chuck 1 with relative
high vacuum level, typically - 0,95 bar. The vacuum is provided by a housing 9
that 1s connected to a vacuum circuit, the housing 9 providing vacuum pressure to
the face 8 of the carrier plate 3 opposite the clamping zones 4. Next, after
necessary alignment steps, this diced wafer 20 1s brought close to a carrier with
stacks at the right position. Next, the dies are transferred one by one to the
stacks. Before each individual transfer the position can be corrected. To this end,
the alignment system comprises a coarse actuation system 12 controlled for global
alignment of the carrier plate 3 relative to the base plate 13, and a fine actuation
system 14 controlled for providing local alignment of a selected die 2’ prior to
release of the selected die 2’. In the disclosed embodiment, the fine actuation
system 14 may be provided to move the carrier plate 3, while the coarse actuation
system 12 may be provided to move the base plate 13. Other variations are
possible. Importantly, the carrier plate 3 vacuum chuck and the base plate 13
with stacks need only to do slight relative correction movements. Because of the
relative small movements this process can be significantly faster than

conventional Die to Wafer placement. In addition, in view of the short travelling
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distances and limited handling actions, the reliability of chip manufacturing is
enhanced, especially in the context of stacking dies in 3D electrically
interconnected chip devices, wherein chip dies 2 will be more and more fragile
and reduced in thickness dimensions typical dimension: 10-50 micron.

It 1s noted that in the case of 3D stacked silicon devices, loss due to
malfunction of a single device layer will be multiplied by the number of device
layers, so that the need to prevent malfunction ever increases.

Transfer can be done by local high air pressure induced by a blowing nozzle
60 with the same size as the die. This blowing nozzle 60 is moving under a
vacuum cover, thus maintaining a moderate vacuum level, typically — 0,5 bar, for
holding the other die. Between two individual die transfer actions only the
blowing nozzle 60 needs to move one die pitch. Here, parallel operation of
multiple nozzles can be provided, wherein, for instance, a first nozzle 1s moved,
while a second nozzle 1s active in a selective blowout action. This can be
performed in synchronicity with local alignment action of the vacuum chuck
relative to the carrier. To this end a controller is present not shown.

Figure 7 shows a generic embodiment incorporating the selected die 2
transfer mechanism and local alignment system. While the preceding
embodiment detailed chip die clamping via vacuum suction and chip die transfer
via gas flow, other clamping and transfer methods are feasible, including
electrostatic clamping, laser controlled transfer thermo-mechanical or goose-skin
actuation. In this respect, the selective placement of dies on a wafer can be
arranged with any suitable clamping or transfer method which still receives the
benefits of the present die placement process for multiple stack dies. Accordingly,
there 1s disclosed a method of transfer of chip dies in a chip manufacturing
process, comprising:

— providing a carrier plate 3 comprising compartmented clamping zones on a

top face (5) arranged for placement of a diced wafer 20;

— providing a base plate 13 for carrying a second wafer 200
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— aligning the carrier plate 3 and the base plate 13 in a facing position
towards the base plate 13 to match the diced wafer 20 with the second
wafer;

— selectively releasing a die by movable release mechanism 600 of the diced
wafer 20 from a clamping zone 1n response to received pick and place
instructions; and

— transferring the released die to the second wafer via a bridging gap
distance beween the facing carrier plates and base plates.

The movable release mechanism 600 may be designed for simultaneous parallel
action, for example, by multifold blowout nozzles.

While the invention has been illustrated and described in detail in the
drawings and foregoing description, such illustration and description are to be
considered illustrative or exemplary and not restrictive; the invention is not
Iimited to the disclosed embodiments. In particular, unless clear from context,
aspects of various embodiments that are treated in various embodiments
separately discussed are deemed disclosed in any combination variation of
relevance and physically possible and the scope of the invention extends to such
combinations. Other variations to the disclosed embodiments can be understood
and by those skilled in the art in practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims. In the claims, the word
"comprising” does not exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single unit may fulfill the functions of
several items recited in the claims. The mere fact that certain measures are
recited in mutually different dependent claims does not indicate that a
combination of these measured cannot be used to advantage. Any reference signs

in the claims should not be construed as limiting the scope.
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CLAIMS

1. A chip die clamping device (1) arranged for placement of chip dies (2) in a
chip manufacturing process, comprising:
— a carrier plate (3) comprising compartmented clamping zones (4) on a top
face (5) arranged for placement of a diced wafer (20);
— a gas supply mechanism (6) arranged to locally cancel the clamping
pressure 1n a specified clamping zone (4); and
— a controller arranged for controlling the gas supply mechanism (6) to
release a selected die (2’) of the diced wafer (20) in response to received pick

and place instructions.

2. A chip die clamping device (1) according to claim 1, wherein the gas supply
mechanism (6) comprises a nozzle (60) on a bottom face (8) opposite the clamping

zones (4), the nozzle (60) being movable in a plane parallel to the carrier plate (3).

3. A chip die clamping device (1) according to claim 2, wherein the nozzle (60)
1s comprised in a housing (9) that 1s connected to a vacuum circuit, the housing (9)
providing vacuum pressure to the bottom face (8) of the carrier plate (3) and the
carrier plate (3) structured to allow gas flow (23) between both sides in the carrier

plate (3).

4, A chip die clamping device (1) according to claim 2, wherein the nozzle (60)
and/or the clamping zone (4) are sectioned to provide a gradient gas flow (230) to

provide controlled release from a side of the die (2).

5. A chip die clamping device (1) according to claim 2, wherein the clamping
zone (4) comprises gas guiding structure (11) for guiding the gas flow (23) in a

direction normal to the carrier plate (3).

6. A chip die clamping device (1) according to claim 5, wherein the gas guiding

structure (11) comprises a walled porous structure.
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7. A chip die clamping device (1) according to claim 1, further comprising a
base plate (13) for carrying a second wafer; and an alignment system for aligning

the carrier plate (3) relative to the base plate (13).

8. A chip die clamping device (1) according to claim 7, wherein the alignment
system comprises a coarse actuation system (12) controlled for global alignment of
the carrier plate (3) relative to the base plate (13), and a fine actuation system
(14) controlled for providing local alignment of a selected die (2°) prior to release of

the selected die (2)).

9. A chip die clamping device (1) according to claim 7, wherein the alignment
system comprises a metrology system (15) facing the base plate (13) and the
carrier plate (3), the base plate (13) and carrier plate (3) separately movable along
parallel planes and comprising markers (16) corresponding to the metrology

system (15).

10. A chip die clamping device (1) according to claim 1, further comprising a

cover mechanism (17) for covering exposed clamping zones (4) after release.

11. A chip die clamping device (1) according to claim 10, wherein the cover
mechanism (17) comprises a rolling foil (19) system including a reel (18) and a foil
(19) attached to a side of the carrier plate (3), the foil (19) arranged around the
reel (18) and the reel (18) being rollable over exposed clamping zones (4) after

release.

12. A chip die clamping device (1) according to claim 1, further comprising a
peel off arrangement (19) for peeling of a transport tape (22) from the diced wafer

(20), after clamping and prior to release.

13. A chip die clamping device (1) according to claim 1, further comprising a
pickup nozzle (7) arranged to cooperate in synchronicity with the gas supply

mechanism (6).



10

15

20

WO 2010/024678 PCT/NL2009/050520

11

14. A method of placement of chip dies (2) in a chip manufacturing process,
comprising:

- providing a carrier plate (3) comprising compartmented clamping zones (4)
on a top face (5) arranged for placement of a diced wafer (20);

- locally supplying gas on a bottom face (8) opposite a specified clamping
zone (4) to locally cancel a clamping pressure; and

- controlling the gas supply to release a selected die (2°) of the diced wafer

(20) 1n response to received pick and place instructions.

15. A method of transfer of chip dies (2) in a chip manufacturing process,
comprising:

— providing a carrier plate (3) comprising compartmented clamping zones (4)
on a top face (5) arranged for placement of a diced wafer (20);

— providing a base plate (13) for carrying a second wafer;

— aligning the carrier plate (3) and the base plate (13) in a facing position
towards the base plate (13) to match the diced wafer (20) with the second
wafer;

— selectively releasing a die of the diced wafer (20) from a clamping zone (4)
1n response to received pick and place instructions; and

— transferring the released die to the second wafer via a bridging gap

distance beween the facing carrier plate (3) and base plate (13).
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