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Cartridge For Inspection

BACKGROUND AND FIELD OF THE INVENTION

[001] The present invention relates to the inspection process which includes providing
access to the microdevice contacts, measuring the microdevice and analyzing the data

to identify defects or performance of the micro device.
SUMMARY

[002] The present invention relates to a method of forming test electrodes for vertical
microdevice, the method comprising, forming a microdevice on a microdevice substrate,
the microdevice having a hidden contact on a surface facing away from the microdevice
substrate, forming a protection layer to cover a part of the hidden contact, forming a
dielectric layer to cover a surface of the microdevice and at least part of the microdevice
sidewall, forming an opening to provide access to the hidden contact and forming an

electrode to provide access to the hidden contact outside of the microdevice.

[003] The present invention also relates to a method of forming test electrodes for a flip
chip microdevice, the method comprising, forming a microdevice on a microdevice
substrate, forming a dielectric layer to cover a surface of the microdevice and at least
part of a microdevice sidewall, forming a release layer on the microdevice, forming
common layers on top of the microdevice, covering the common layers by the dielectric,
forming an opening on at least one side within the microdevice with the dielectric
covering the sidewalls of the opening, filling a part of the opening with a conductive
layer, forming a frame around the microdevice with a thicker dielectric, removing the
microdevice substrate and common layers and having more than one contact facing

away from a cartridge substrate.

[004] The present invention also relates to a method of forming test electrodes for a

lateral microdevice, the method comprising, forming a microdevice on a microdevice
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substrate, forming a first dielectric layer to cover a first surface of the microdevice and at
least part of a microdevice sidewall, wherein the first surface is a p-type or n-type and an
ohmic is on a top of the first surface, forming an opening provide access to a part of the
first surface of the microdevice facing away from the microdevice substrate, covering
sidewalls of the opening with the first dielectric, forming test electrodes the first surface,
coupling a first test electrode to the first surface through the opening in the first
dielectric, coupling a second electrode to a contact layer on a surface of the microdevice
facing the microdevice substrate and opening the dielectric to provide access to the

other contact layer of the microdevice.

[005] The present invention also relates to a method of forming test electrodes for a
flip chip microdevice, the method comprising, forming a microdevice on a microdevice
substrate, forming a dielectric layer to cover a surface of the microdevice and at least
part of a microdevice sidewall, forming a release layer on the microdevice, covering the
transfer layers by the dielectric, forming an opening on at least one side within the
microdevice with the dielectric covering the sidewalls of the opening, forming electrodes
on a top surface of the microdevice, patterning the electrodes so they are coupled to
each contact individually, forming an ohmic structure is formed on a top contact of the
microdevice, forming transfer layers on top of the microdevice, removing the microdevice
substrate and transfer layers, and having more than one contact facing away from a

cartridge substrate.

[006] The present invention also relates to a method of forming test electrodes for a
lateral microdevice, the method comprising, forming a microdevice on a microdevice
substrate, forming a first dielectric layer to cover a first surface of the microdevice and at
least part of a microdevice sidewall, wherein the first surface is a p-type or n-type and an
ohmic is on a top of the first surface, forming an opening provide access to a part of the
first surface of the microdevice facing away from the microdevice substrate, covering
sidewalls of the opening with the first dielectric, forming electrodes on a bottom surface
of the microdevice, patterning the electrodes so they are coupled to each contact
individually, forming transfer layers on top of the microdevice, opening the dielectric to
provide access to the electrodes, removing the microdevice substrate and transfer

layers, and bonding the microdevice to cartridge substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[007] The foregoing and other advantages of the disclosure will become apparent upon
reading the following detailed description and upon reference to the drawings.

[008] FIG 1A shows a vertical microdevice formed on a microdevice substrate.

[009] FIG 1B, shows the device is bonded to a cartridge.

[0010] FIG 1C shows a top view of a cartridge or donor substrate with electrode for
hidden contact and electrode for top contact.

[0011] FIG 1D shows another related embodiment of devices with two types of contacts.

[0012] FIG 2A shows a flip chip microdevice formed on a microdevice substrate.

[0013] FIG 2B shows a flip chip micro device bonded to a cartridge.

[0014] FIG 2C shows a top view of a cartridge or donor substrate with two electrodes for
top contact.

[0015] FIG 2D shows another related example of the flip chip with accessible contacts.

[0016] FIG 2E shows an example of a flip chip where the electrode to one contact is
done through a hidden connection.

[0017] FIG 3A shows a lateral microdevice formed on a microdevice substrate.

[0018] FIG 3B shows the device bonded to a cartridge substrate.

[0019] FIG 3C shows a top view of a cartridge or donor substrate with two electrodes for
the hidden contacts.

[0020] FIG 3D shows another related example of the lateral with hidden contacts.

[0021] FIG 3E shows an example of a lateral device where the electrodes to one contact

is done through an accessible connection.

[0022] While the present disclosure is susceptible to various modifications and
alternative forms, specific embodiments or implementations have been shown by way of
example in the drawings and will be described in detail herein. It should be understood,
however, that the disclosure is not intended to be limited to the particular forms
disclosed. Rather, the disclosure is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended

claims.
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DETAILED DESCRIPTION

[0023] In this description, the terms “ device” and "microdevice" are used
interchangeably. However, it is clear to one skilled in the art that the embodiments

described here are independent of the device size.

[0024] The present invention relates to the inspection process which includes providing
access to the microdevice contacts, measuring the microdevice and analyzing the data

to identify defects or performance of the microdevice.

[0025] In one case, providing access to the microdevice includes forming test electrodes
coupled to the hidden contacts (e.g. vertical, lateral, or flip chip) before transferring to a
cartridge substrate. In another related case forming test electrodes for accessible
contacts (e.g. vertical, lateral, or flip chip). The hidden contacts are the bias point in a

microdevice where it is facing the substrate and cannot be accessed from the surface.

[0026] A flip chip device has at least two contacts on the surface facing away from a
substrate. A vertical device has at least one contact facing the substrate and one contact
facing away from the substrate. A lateral device has at least two contacts facing the

substrate.

[0027] In another case an opening is formed to provide access to the test electrode

coupled to the hidden contacts of a microdevice (e.g. p for vertical and p,n for lateral).

[0028] In another aspect, the devices in a cartridge (or donor substrate) are measured

through the test electrodes. The measurement can be electrical or electrical and optical.

[0029] After measurement, at least one test electrode is removed or isolated for
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microdevices.

[0030] In another case, the test electrode is isolated from the microdevice during the
transfer process where the microdevice is placed in a system substrate from the

cartridge (or donor) substrate.

[0031] In another case, after measurement or electrode isolation, pads are formed on

the devices enabling bonding of microdevices into a system substrate.

[0032] The pads can be formed prior to the measurement process as well. A protection
layer can be formed on top of the pads so that the pads do not get damaged/deformed

prior to transfer during the measurement process.

[0033] In another related embodiment, the pads are formed, and the electrodes are
formed and isolated after measurement. In this case, removing the electrode enables
pads for bonding. In one case, the pads can be Gold and the electrodes can be
Aluminum. Removing Aluminum after measurement cleans the surface of the pads and

enables them for bonding.

[0034] The microdevices can have top surface and bottom surface. The top surface is
facing away from the substrate and the contacts on that surface are accessible. The
bottom surface is facing the substrate and covered by other layers and the contacts at
that surface are hidden. The embodiments here describe methods of providing access to
both hidden and accessible contact in one device. In one case, an electrode is formed
on the surface of the microdevice substrate. The electrode is coupled to the hidden
contact through an opening in the dielectric covering the contact. The wafer is then
bonded to another substrate and the donor substrate is removed. Then the dielectric is
removed to provide access to the electrode of the hidden contact. Another electrode
may get deposited on the second surface of the device exposed by removing the
microdevice wafer. The second electrode can be connected to the accessible contact

through an opening in a second dielectric on top of the second surface. The patterned
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part of the second electrode can also connect to the first electrode through the opening

in the dielectric covering the first electrode.

[0035] FIG.1 shows an exemplary embodiment of a structure and a method of forming
test electrodes for a vertical device with at least one hidden contact. In one related
embodiment a release layer is used. As highlighted in FIG. 1A, the microdevice is
formed on a microdevice substrate. The microdevice has at least one contact on the
surface facing away from the microdevice substrate. A protection or contact layer can be
formed to cover part of the contact. The contact can be a combination of an ohmic layer
and doped layers. It can be either a p-doped or n-doped layer. A dielectric layer is
formed to cover the surface of the microdevice and at least part of the device sidewall.
An opening is formed to provide access to the contact (or protective layer). An electrode
is formed to bring the access to the microdevice contact to the outside area of the
microdevice. The electrode can also act as a release layer or other layers can be formed
on top of the electrode as release layers. There can be some common layers also on top
of the substrate. The dielectric can cover the common layers as well. As shown in FIG
1B, the device is bonded to a cartridge (donor substrate). Prior to bonding or during the
bonding a housing layer(s) can form around the device. The microdevice substrate is
then removed and common layers can be etched back (or removed by other means).
Here, the device can have a top contact facing away from the cartridge substrate. An
ohmic structure can form on the contact point of the device. The ohmic can be either n-
type or p-type. An electrode is formed to provide access to the top contact. In this
example, the electrode is n-electrode coupled to the top n-ohmic (it can be p-electrode in
another case). A dielectric can form on the top surface of the microdevice prior to the
formation of n-electrode or n-ohmic. In this case an opening can be formed to provide

access to the device top contact or n-ohmic.

[0036] FIG. 1C shows a top view of a cartridge or donor substrate with an electrode for
hidden contact and an electrode for top contact. The electrodes can be coupled to more
than one microdevice. In one case, the electrodes can form rows and columns. In
another case they can form either row or column. To have access to the electrode for
the hidden contact(s), the dielectric is patterned (or removed from a part of the test

electrode). Here p-electrode is coupled to the hidden contacts and n-electrode is
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coupled to the top contacts (the n and p electrode can be replaced, or other functional

electrodes can be developed depending on the type of microdevice).

[0037] After the measurement is performed, the top electrode (n-electrode) can be
patterned or removed to isolate each microdevice. Pads can form on the top contact. In

another case, the n-electrode can be left on the substrate.

[0038] Prior to the transfer of microdevices from cartridge to another substrate (system
substrate), the electrode of the hidden contact also can be isolated or removed. This
process can be the same as removing the release layer. It can be done either

chemically, thermally, or optically.

[0039] FIG. 1D shows another related embodiment of devices with two types of contacts
(hidden and accessible contacts). Here, transfer layers are formed after or at the same
time as forming the 2nd electrode to contact the hidden contact. After the devices are
separated from the main substrate (one example in FIG 1B), the second electrode
(electrode 2) is formed and other layers such as membrane, anchors, release layer,
force layer, buffer layers (called transfer layer) are formed. The devices are bonded to

another substrate called cartridge substrate.

[0040] FIG. 1 examples show related embodiments of microdevices by two types of
contacts (hidden and accessible contacts). One electrode connects to the hidden
electrode and is separated from the other electrode connecting to the accessible
electrode by at least a dielectric layer. The dielectric layer is patterned to provide access
to the electrode connected to the hidden contact. The electrode can be on a planarized

layer, or they can cover the side of the device.

[0041] FIG. 2 shows an exemplary embodiment of a structure and a method of forming
test electrodes for a flip chip device with no hidden contact. Here, all contacts are
accessible from the top surface. In one embodiment a release layer is used. As
highlighted in FIG. 2A, the microdevice is formed on a microdevice substrate. A dielectric
layer can be formed to cover the surface of the microdevice and at least part of the
device sidewall. A release layer can be formed to facilitate the further integration

process. There can be some common layers also on top of the substrate. The dielectric
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can cover the common layers as well. This embodiment works with different flip chip
device structures such as double mesa, corner mesa, side contact traces, and other
methods. Here we use the VIA through structure to explain the embodiment. There can
be a VIA formed that at least one side of it is within the microdevice. The dielectric can
also cover the sidewalls of the VIA. A conductive layer can fill at least part of the VIA.
The VIA can be partially filled with another layer. A frame can be formed around the
device with a thicker dielectric. Or the thicker dielectric can be only on the surface of the
device facing away from the microdevice substrate. The frame can be applied to other
embodiments presented here as well. As shown in FIG. 2B, the device is bonded to a
cartridge (donor) substrate. Prior to bonding or during the bonding a housing layer(s)
can form around the device. The microdevice substrate is removed and the common
layers are etched back or removed by other means. Here, the device can have more
than one contact facing away from the cartridge substrate. An ohmic structure can form
on one of the contact points of the device. The other contract point is coupled to the
other side of the device using the VIA formed before (the VIA can also be formed after
the device is transferred into the cartridge substrate). The top ohmic can be either n-type
or p-type. An electrode is formed to provide access to the top contact. Another
electrode is formed to provide access to the VIA. In this example, one of the electrodes
is n-electrode coupled to the top n-ohmic (it can be p-electrode in another case) and the
other electrode is p-electrode. A dielectric can form on the top surface of the microdevice
prior to the formation of electrodes or n-ohmic. In this case an opening can be formed to

provide access to the device top contact or n-ohmic.

[0042] FIG. 2C shows a top view of a cartridge or donor substrate with two electrodes
for top contact. The electrodes can be coupled to more than one microdevice. In one
case, the electrodes can form rows and columns. In this case, a dielectric is needed to
be used between the n and p electrodes to prevent shorting at the crossing points. In

another case they can form either row or column (shown in FIG. 2C).

[0043] FIG. 2D shows another related example of the flip chip with accessible contacts.
Here the electrodes are formed on the top surface of the devices and patterned so they
are coupled to each contact individually. The electrodes are coupled to the contacts

through opening in a dielectric layer on top of the contacts. After the electrodes are
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formed on top, a microdevice substrate (e.g., FIG 2B) is formed and other layers such as
membrane, anchors, release layer, force layer, buffer layers (called transfer layer) are

formed. The devices are bonded to another substrate called cartridge substrate.

[0044] FIG. 2E is an example of a flip chip where the electrode to one contact is done
through a hidden connection. This is done through a VIA contact in the device. The
benefit of this structure is that the two electrodes are more isolated through the dielectric
layer. This can also allow forming rows and columns structure with electrodes which can

enable more control on testing the devices (down to individual devices).

[0045] After the measurement is performed, the top electrodes can be patterned or
removed to isolate each microdevice. Pads can form on the top contact. In another case,

the electrodes can be left on the substrate.

[0046] Prior to the transfer of microdevices from cartridge to another substrate (system
substrate), the release layer is removed. It can be done either chemically, thermally, or

optically.

[0047] FIG.3 shows an exemplary embodiment of a device structure and a method of
forming test electrodes for a lateral device with no contact that can be accessed directly.
In one embodiment a release layer is used. As highlighted in FIG. 3A, the microdevice
is formed on a microdevice substrate. A dielectric layer (dielectric 1) can be formed to
cover the surface of the microdevice and at least part of the device sidewall. A VIA can
form to provide access to the surface facing away from the microdevice substrate. This
surface can be p-type or n-type or other type of functional layer. There can be an ohmic
layer on the top of this surface. Test electrodes are formed on the surface. One of the
electrodes coupled to the top surface through the opening in the dielectric 1. The second
electrode is coupled to the other contact layer that can be at the other surface of the
device facing the substrate. The sidewall of the VIA is covered by dielectric. The
dielectric can be open to provide access to the other contact of the microdevice. A
release layer can be formed to facilitate the further integration process. The release
layer can be formed on another dielectric layer (dielectric layer 2). The electrode can act
as release layers as well. There can be some common layers also on top of the

substrate. The dielectric 1 or dielectric 2 can cover the common layers as well. There
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can be a VIA formed that at least one side of it is within the microdevice. The dielectric
can also cover the sidewalls of the VIA. A conductive layer can fill at least part of the
VIA. The VIA can be partially filled with another layer. A frame can be formed around the
device with a thicker dielectric. Or the thicker dielectric can be only on the surface of the
device facing away from the microdevice substrate. The frame can be applied to other
embodiments presented here as well. The frame can be part of dielectric 2 or it can
separate layers. As shown in FIG. 3B, the device is bonded to a cartridge (donor)
substrate. Prior to bonding or during the bonding a housing layer(s) can form around the
device. The microdevice substrate is removed and the common layers are etched back
or removed by other means. Here, the device can have more than one contact facing
away from the cartridge substrate. An ohmic structure can form on one of the contact
points of the device. The other contact point is coupled to the other side of the device
using the VIA formed before (the VIA can also be formed after the device is transferred
into the cartridge substrate). If the conductive layer in the VIA is not coupled to the
microdevice contact point another layer can be deposited after the device is transferred

to the cartridge substrate. The new layer can also be a top ohmic.

[0048] FIG. 3C shows a top view of a cartridge or donor substrate with two electrodes
for the hidden contacts. The electrodes can be coupled to more than one microdevice. In
one case, the electrodes can form rows and columns. In this case, a dielectric is needed
to be used between the n and p electrodes to prevent shorting at the crossing points. In
another case they can form either row or column (shown in FIG. 3C). Here, the dielectric

needs to be patterned and open to provide access to the two test electrodes.

[0049] FIG. 3D shows another related example of the lateral with hidden contacts. Here
the electrodes are formed on the bottom surface of the devices and patterned so they
are coupled to each contact individually. The electrodes are coupled to the contact
through opening in a dielectric layer on top of the contact. After forming the electrode on
the surface (e.g. FIG 3B) other layers such as membrane, anchors, release layer, force
layer, buffer layers (called transfer layer) are formed. The devices are bonded to another
substrate called cartridge substrate and the microdevice substrate is removed. The

dielectric is open to provide access to the electrodes.

10
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[0050] FIG. 3E is an example of a lateral device where the electrodes to one contact is
done through an accessible connection. This is done through a VIA contact in the
device. The benefit of this structure is that the two electrodes are more isolated through
the dielectric layer. This can also allow forming rows and columns structure with
electrodes which can enable more control on testing the devices (down to individual

devices).

[0051] After the measurement is performed, the electrodes can be patterned or removed

to isolate each microdevice.

[0052] Prior to the transfer of microdevices from cartridge to another substrate (system
substrate), the release layer is removed. It can be done either chemically, thermally, or

optically.

[0053] The foregoing description of one or more embodiments of the invention has been
presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Many modifications
and variations are possible in light of the above teachings. It is intended that the scope
of the invention be limited not by this detailed description, but rather by the claims

appended hereto.

11
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Claims

10.

A method of forming test electrodes for vertical microdevice, the method

comprising:
forming a microdevice on a microdevice substrate;

the microdevice having a hidden contact on a surface facing away from the

microdevice substrate;
forming a protection layer to cover a part of the hidden contact;

forming a dielectric layer to cover a surface of the microdevice and at least part

of the microdevice sidewall;
forming an opening to provide access to the hidden contact; and

forming a first electrode to provide access to the hidden contact outside of the

microdevice.

The method of claim 1 wherein the hidden contact is a combination of an ohmic
layer and a doped layer.

The method of claim 2 wherein the doped layer is either a p-doped layer or a n-
doped layer.

The method of claim 1 wherein the first electrode can also act as a release layer.
The method of claim 1 wherein other layers can be formed on top of the first
electrode as release layers.

The method of claim 1, wherein there are common layers on top of the
microdevice substrate.

The method of claim 6, wherein the dielectric covers the common layers.

The method of claim 7, wherein a housing is formed around the microdevice.

The method of claim 8, wherein microdevice substrate and common layers are

removed.

The method of claim 9, wherein the microdevice is bonded to a donor substrate,

and having a top contact facing away from the donor substrate.

12
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

The method of claim 10, the top contact of the device has an ohmic structure
which is either a n-type or a p-type.

The method of claim 11, wherein a second electrode is formed providing access
to the top contact.

The method of claim 12, wherein the second electrode is an n-electrode coupled
to the top contact which has the n-type ohmic structure.

The method of claim 12, wherein a dielectric is formed on the top surface of the
microdevice prior to the formation of the n-electrode or the n-type ohmic
structure.

The method of claim 13 wherein an opening is formed providing access to the
top contact or n-type ohmic structure.

The method of claim 13, wherein the electrodes for hidden contact and top
contact are coupled to more than one microdevice.

The method of claim 13, wherein the electrodes form rows and columns.

The method of claim 13, wherein the electrodes form rows or columns.

The method of claim 13, wherein the dielectric is patterned providing access to
hidden contact.

The method of claim 19, wherein a p-electrode is coupled to the hidden contact
and n-electrode is coupled to the top contact.

The method of claim 1, wherein the microdevice also has an accessible contact.
The method of claim 21, wherein transfer layers are formed after or at the same
time as forming a second electrode to contact the hidden contact.

The method of claim 22, wherein the second electrode is formed and the transfer
layers such as membrane, anchors, release layer, force layer, buffer layers are
formed after the microdevice is separated from the microdevice substrate.

The method of claim 23, wherein the microdevice is bonded to a cartridge

substrate.

13
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25.

26.

27.

28.

29.

30.

31.

32.

A method of forming test electrodes for a flip chip microdevice, the method

comprising:
forming a microdevice on a microdevice substrate;

forming a dielectric layer to cover a surface of the microdevice and at least part

of a microdevice sidewall;

forming a release layer on the microdevice;
forming common layers on top of the microdevice;
covering the common layers by the dielectric;

forming an opening on at least one side within the microdevice with the dielectric

covering the sidewalls of the opening;

filling a part of the opening with a conductive layer;

forming a frame around the microdevice with a thicker dielectric;
removing the microdevice substrate and common layers; and

having more than one contact facing away from a cartridge substrate.

The method of claim 25, wherein an ohmic structure is formed on a top contact of
the microdevice.

The method of claim 25, wherein a second contact is coupled to another side of
the microdevice through an opening.

The method of claim 26, wherein the ohmic structure can be either a n-type or a
p-type.

The method of claim 26, wherein an electrode is formed to provide access to the
top contact.

The method of claim 27, wherein another electrode is formed to provide access
to the opening.

The method of claim 30, wherein a p-electrode is coupled to the contact through
the opening and n-electrode is coupled to the top contact.

The method of claim 31, wherein the electrodes are coupled to more than one

microdevice.

14
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33. The method of claim 32, wherein the electrodes form rows and columns and a
dielectric is used between the n and p electrodes to prevent shorting at the
crossing points.

34. The method of claim 31, wherein the electrodes form rows or columns.

35. A method of forming test electrodes for a lateral microdevice, the method

comprising:
forming a microdevice on a microdevice substrate;

forming a first dielectric layer to cover a first surface of the microdevice and at
least part of a microdevice sidewall, wherein the first surface is a p-type or n-type

and an ohmic is on a top of the first surface;

forming an opening provide access to a part of the first surface of the

microdevice facing away from the microdevice substrate;
covering sidewalls of the opening with the first dielectric;
forming test electrodes the first surface;

coupling a first test electrode to the first surface through the opening in the first

dielectric;

coupling a second electrode to a contact layer on a surface of the microdevice

facing the microdevice substrate; and

opening the dielectric to provide access to the other contact layer of the

microdevice.

36. The method of claim 35, wherein a release layer is formed on a second
dielectric.

37. The method of a claim 36, wherein common layers cover a top of the
microdevice substrate, and the common layers are covered by the first or second
dielectric.

38. The method of a claim 36, wherein a second opening is formed so at least one
side the second opening is within the microdevice.

39. The method of a claim 38, wherein the second opening is covered by the first
dielectric and is partly filled by a conductive layer.

40. The method of a claim 38, wherein a frame is formed around the microdevice
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41.

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

with a thicker dielectric.

The method of a claim 34, wherein the thicker dielectric is on the surface of the
device facing away from the microdevice substrate.

The method of a claim 40, wherein the frame is part of dielectric 2 or it comprises
separate layers.

The method of claim 38, wherein a housing is formed around the microdevice.
The method of claim 43, wherein microdevice substrate and common layers are
removed.

The method of claim 44, wherein the microdevice is bonded to a donor substrate,
and having more than one contact facing away from the donor substrate.

The method of claim 45, wherein an ohmic structure is formed on one of the
contact points of the microdevice.

The method of claim 46, wherein the other contact point is coupled to the other
side of the microdevice using the second opening.

The method of claim 47, wherein the two contacts are hidden connected with
their electrodes.

The method of claim 48, wherein the electrodes are coupled to more than one
microdevice.

The method of claim 49, wherein the electrodes form rows and columns and a
dielectric is used between the n and p electrodes to prevent shorting at the
crossing points.

The method of claim 48, wherein the electrodes form rows or columns.

A method of forming test electrodes for a flip chip microdevice, the method

comprising:
forming a microdevice on a microdevice substrate;

forming a dielectric layer to cover a surface of the microdevice and at least part

of a microdevice sidewall;
forming a release layer on the microdevice;
covering the transfer layers by the dielectric;

forming an opening on at least one side within the microdevice with the dielectric

covering the sidewalls of the opening;

16
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53.

54.

55.

forming electrodes on a top surface of the microdevice;
patterning the electrodes so they are coupled to each contact individually;

forming an ohmic structure is formed on a top contact of the microdevice;
forming transfer layers on top of the microdevice;
removing the microdevice substrate and transfer layers; and

having more than one contact facing away from a cartridge substrate.

The method of claim 48 wherein the electrode to one contact is done through a

hidden connection through a VIA contact in the microdevice.

A method of forming test electrodes for a lateral microdevice, the method

comprising:
forming a microdevice on a microdevice substrate;

forming a first dielectric layer to cover a first surface of the microdevice and at
least part of a microdevice sidewall, wherein the first surface is a p-type or n-type

and an ohmic is on a top of the first surface;

forming an opening provide access to a part of the first surface of the

microdevice facing away from the microdevice substrate;
covering sidewalls of the opening with the first dielectric;

forming electrodes on a bottom surface of the microdevice;
patterning the electrodes so they are coupled to each contact individually;

forming transfer layers on top of the microdevice;

opening the dielectric to provide access to the electrodes;
removing the microdevice substrate and transfer layers; and
bonding the microdevice to cartridge substrate.

The method of claim 50 wherein the electrode to one contact is done through an

accessible connection through a VIA contact in the microdevice.

17



PCT/CA2021/050977

WO 2022/011473

Protection layer

contact

rricrocevice
Microdevice Substrate

Cormmon lavers

1A

FIG

FIG. 1B




PCT/CA2021/050977

WO 2022/011473

FIG. 1C

1

£

dislect

]

aorrod

El

1D

Protection layer

FIG

5
El

B

2/8



PCT/CA2021/050977

Microdevice

WO 2022/011473

Commaon layers

.2A

FIG
FIG. 2B

Microdevice Substrate




PCT/CA2021/050977

WO 2022/011473

i

contact 2

FIG. 2C

rocie 2

Elect

cantact

actrode ]

£

|

W

L

iglectr

i

e

Hal

F

ransfer lay

=

o

o

.

T

.

e

.

; {{f’

0

.2D

FIG




PCT/CA2021/050977

WO 2022/011473

e

Electrod

contact 2

contact 1

diglectric

-

FIG. 2E

5/8



PCT/CA2021/050977

WO 2022/011473

-
.

trocle

=1

Mol

WA,

FIG. 3A
FIG. 3B

tric

icrodevice Subsirate
i

D -glectrocde
oeglectrode diele



PCT/CA2021/050977

WO 2022/011473

lpctrode

.3C

FIG

Transfer laye

rode 1

ot

.3D

FIG

7/8



PCT/CA2021/050977
troce 2

Y

Fie

elect

i

e

Electrode

fer

[

R

WO 2022/011473

L -

FIG. 3E




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2021/050977

A. CLASSIFICATION OF SUBJECT MATTER
IPC: GO1R 31/00 (2006.01), HOIL 21/66 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC: GO1R 31/00 (2006.01), HOIL 21/66 (2006.01)

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Questel Orbit™, IEEEXplore™, Google Patents™ and keywords: integrated circuit, microdevice, vertical 3D microdevice, flip chip
microdevice, fabrication, contact , hidden contact, electrode, wafer, substrate, opening, hole.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US8518204 (HU et al.) 27 August 2013 (27-08-2013)

*abstract; pars. 0004-0016, 0063-0068*

*abstract; pars. 0007-0018, 0092-0094*

*abstract; cols. 1-4; col. 19, lines 59-67, col. 22, lines 6-17; figs. 9-9°, 10-10""*

A US20070070311 (Bijnen et al.) 29 March 2007 (29-03-2007)

A US20030111441 (JEROMINEK et al.) 19 June 2003 (19-06-2003)

1-55
1-55
1-55

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

* |Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance

“D” |document cited by the applicant in the international application

“E” |earlier application or patent but published on or after the international
filing date

“L” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” |document referring to an oral disclosure, use, exhibition or other means

“P” |document published prior to the international filing date but later than
the priority date claimed

“T” [later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

D&

wy

g

Date of the actual completion of the international search
02 November 2021 (02-11-2021)

Date of mailing of the international search report
02 November 2021 (02-11-2021)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Dan Marinescu (819) 639-8202

Form PCT/ISA/210 (second sheet ) (July 2019)

Page 2 of 5




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT /C A2021 /05097 7

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US8518204B2 27 August 2013 (27-08-2013) US2013130440A1 23 May 2013 (23-05-2013)
US8518204B2 27 August 2013 (27-08-2013)
AU2012339923A1 05 June 2014 (05-06-2014)
AU2012339923B2 29 January 2015 (29-01-2015)
AU2012339925A1 05 June 2014 (05-06-2014)
AU2012339925B2 19 February 2015 (19-02-2015)
AU2012339938A1 05 June 2014 (05-06-2014)
AU2012339938B2 19 February 2015 (19-02-2015)
AU2012339941A1 05 June 2014 (05-06-2014)
AU2012339941B2 13 November 2014 (13-11-2014)
AU2012339942A1 05 June 2014 (05-06-2014)
AU2012339942B2 27 November 2014 (27-11-2014)
AU2015200891A1 12 March 2015 (12-03-2015)
AU2015200891B2 12 January 2017 (12-01-2017)
BR112014011800A2 09 May 2017 (09-05-2017)
BR112014011800B1 22 December 2020 (22-12-2020)
BR112014011802A2 09 May 2017 (09-05-2017)
BR112014011807A2 16 May 2017 (16-05-2017)
BR112014011826A2 09 May 2017 (09-05-2017)
BR112014011826B1 27 July 2021 (27-07-2021)
BR112014011849A2 02 May 2017 (02-05-2017)
BR112014011849B1 15 December 2020 (15-12-2020)
CN104054167A 17 September 2014 (17-09-2014)
CN104054167B 01 February 2017 (01-02-2017)
CN104054168A 17 September 2014 (17-09-2014)
CN104054168B 16 June 2017 (16-06-2017)
CN104067379A 24 September 2014 (24-09-2014)
CN104067379B 08 August 2017 (08-08-2017)
CN104067381A 24 September 2014 (24-09-2014)
CN104067381B 07 September 2016 (07-09-2016)
CN104094422A 08 October 2014 (08-10-2014)
CN104094422B 17 May 2017 (17-05-2017)
CN104106132A 15 October 2014 (15-10-2014)
CN104106132B 05 October 2016 (05-10-2016)
CN104106149A 15 October 2014 (15-10-2014)
CN104115266A 22 October 2014 (22-10-2014)
CN104115266B 22 February 2017 (22-02-2017)
EP2780933A1 24 September 2014 (24-09-2014)
EP2780933A4 04 November 2015 (04-11-2015)
EP2780933B1 30 June 2021 (30-06-2021)
EP2780934A1 24 September 2014 (24-09-2014)
EP2780934A4 22 July 2015 (22-07-2015)
EP2780934B1 24 March 2021 (24-03-2021)
EP2780936A1 24 September 2014 (24-09-2014)
EP2780936A4 29 July 2015 (29-07-2015)
EP2780953A1 24 September 2014 (24-09-2014)
EP2780953A4 22 July 2015 (22-07-2015)
EP2780953B1 24 June 2020 (24-06-2020)
EP2780954A1 24 September 2014 (24-09-2014)
EP2780954A4 22 July 2015 (22-07-2015)
EP2780954B1 16 October 2019 (16-10-2019)
IN3711CHN2014A 09 October 2015 (09-10-2015)
IN3732CHN2014A 03 July 2015 (03-07-2015)
IN3734CHN2014A 04 September 2015 (04-09-2015)
TP2015500561A 05 January 2015 (05-01-2015)
JP5783481B2 24 September 2015 (24-09-2015)
TP2015505736A 26 February 2015 (26-02-2015)
TP5954426B2 20 July 2016 (20-07-2016)
TP2014533890A 15 December 2014 (15-12-2014)

Form PCT/ISA/210 (patent family annex ) (July 2019)

Page 3 of 5




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2021/050977

JP6100275B2
JP2017022391A
JP6196717B2
JP2015500562A
JP2015507839A
KR20140109890A
KR101585818B1
KR20140108228A
KR101596382B1
KR20140112486A
KR101596386B1
KR20140103278A
KR101622060B1
KR20140103279A
KR101622061B1
KR20140117497A
KR101653896B1
KR20140103963A
KR101684751B1
KR20140111254A
KR101704152B1
MX2014006031A
MX336453B
MX2014006032A
MX336548B
MX2014005969A
MX340348B
MX2014006030A
MX362327B
MX2014006033A
TW201330323A
TWI527267B
TW201327721A
TWI528494B
TW201332140A
TWI535052B
TW201327910A
TWI559572B
TW201347121A
TWI562307B
TW201327911A
TWI566433B
TW201330320A
TWI568021B
TW201331110A
TWI579221B
TW201347085A
TWI579958B
TW201327695A
TWI1602251B
TW201709559A
TWI636585B
US8333860B1
US8349116B1
US8426227B1
US2013126827A1
US8552436B2
US2013128585A1
US8558243B2
US2013126081A1
US8573469B2
US2013127020A1
US8646505B2

22 March 2017 (22-03-2017)

26 January 2017 (26-01-2017)

13 September 2017 (13-09-2017)
05 January 2015 (05-01-2015)
12 March 2015 (12-03-2015)

16 September 2014 (16-09-2014)
14 January 2016 (14-01-2016)
05 September 2014 (05-09-2014)
22 February 2016 (22-02-2016)
23 September 2014 (23-09-2014)
22 February 2016 (22-02-2016)
26 August 2014 (26-08-2014)

17 May 2016 (17-05-2016)

26 August 2014 (26-08-2014)

17 May 2016 (17-05-2016)

07 October 2014 (07-10-2014)
09 September 2016 (09-09-2016)
27 August 2014 (27-08-2014)

08 December 2016 (08-12-2016)
18 September 2014 (18-09-2014)
07 February 2017 (07-02-2017)
16 January 2015 (16-01-2015)
20 January 2016 (20-01-2016)
16 January 2015 (16-01-2015)
22 January 2016 (22-01-2016)

15 May 2015 (15-05-2015)

06 July 2016 (06-07-2016)

16 January 2015 (16-01-2015)

11 January 2019 (11-01-2019)
17 October 2014 (17-10-2014)
16 Tuly 2013 (16-07-2013)

21 March 2016 (21-03-2016)

01 July 2013 (01-07-2013)

01 April 2016 (01-04-2016)

01 August 2013 (01-08-2013)

21 May 2016 (21-05-2016)

01 July 2013 (01-07-2013)

21 November 2016 (21-11-2016)
16 November 2013 (16-11-2013)
11 December 2016 (11-12-2016)
01 July 2013 (01-07-2013)

11 January 2017 (11-01-2017)
16 Tuly 2013 (16-07-2013)

21 January 2017 (21-01-2017)
01 August 2013 (01-08-2013)

21 April 2017 (21-04-2017)

16 November 2013 (16-11-2013)
21 April 2017 (21-04-2017)

01 July 2013 (01-07-2013)

11 October 2017 (11-10-2017)
01 March 2017 (01-03-2017)

21 September 2018 (21-09-2018)
18 December 2012 (18-12-2012)
08 January 2013 (08-01-2013)
23 April 2013 (23-04-2013)

23 May 2013 (23-05-2013)

08 October 2013 (08-10-2013)
23 May 2013 (23-05-2013)

15 October 2013 (15-10-2013)
23 May 2013 (23-05-2013)

05 November 2013 (05-11-2013)
23 May 2013 (23-05-2013)

11 February 2014 (11-02-2014)

Form PCT/ISA/210 (extra sheet) (July 2019)

Page 4 of 5




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2021/050977

US2013126098A1 23 May 2013 (23-05-2013)
US8789573B2 29 July 2014 (29-07-2014)
US2013126589A1 23 May 2013 (23-05-2013)
US8794501B2 05 August 2014 (05-08-2014)
US2013126891A1 23 May 2013 (23-05-2013)
US8809875B2 19 August 2014 (19-08-2014)
US2014290867A1 02 October 2014 (02-10-2014)
US9463613B2 11 October 2016 (11-10-2016)
US2013130416A1 23 May 2013 (23-05-2013)
US9620478B2 11 April 2017 (11-04-2017)
US2013210194A1 15 August 2013 (15-08-2013)
US9773750B2 26 September 2017 (26-09-2017)
US2014061687A1 06 March 2014 (06-03-2014)
US9831383B2 28 November 2017 (28-11-2017)
US2017018613A1 19 January 2017 (19-01-2017)
US10121864B2 06 November 2018 (06-11-2018)
US2014299837A1 09 October 2014 (09-10-2014)
US10297712B2 21 May 2019 (21-05-2019)
US2019096846A1 28 March 2019 (28-03-2019)
US10607961B2 31 March 2020 (31-03-2020)
US2019259907A1 22 August 2019 (22-08-2019)
US2020219840A1 09 July 2020 (09-07-2020)
WO02013074355A1 23 May 2013 (23-05-2013)
WO02013074356A1 23 May 2013 (23-05-2013)
WO02013074357A1 23 May 2013 (23-05-2013)
WO02013074370A1 23 May 2013 (23-05-2013)
WO02013074372A1 23 May 2013 (23-05-2013)
WO02013074373A1 23 May 2013 (23-05-2013)
WO02013074374A1 23 May 2013 (23-05-2013)
WO02013074375A1 23 May 2013 (23-05-2013)
WO02013074376A1 23 May 2013 (23-05-2013)
WO02013119671A1 15 August 2013 (15-08-2013)
US2007070311A1 29 March 2007 (29-03-2007) US2007070311A1 29 March 2007 (29-03-2007)
CN1996578A 11 July 2007 (11-07-2007)
EP1768183A2 28 March 2007 (28-03-2007)
EP1768183A3 09 July 2008 (09-07-2008)
JP2007110106A 26 April 2007 (26-04-2007)
KR20070034439A 28 March 2007 (28-03-2007)
KR20080008312A 23 January 2008 (23-01-2008)
SG131073A1 26 April 2007 (26-04-2007)
SG145753A1 29 September 2008 (29-09-2008)
TW200715513A 16 April 2007 (16-04-2007)
US2003111441A1 19 June 2003 (19-06-2003) US2003111441A1 19 June 2003 (19-06-2003)
US7077969B2 18 July 2006 (18-07-2006)
AUT039601A 08 January 2002 (08-01-2002)
CA2312646A1 28 December 2001 (28-12-2001)
CA2410430A1 03 January 2002 (03-01-2002)
CA2410430C 17 April 2007 (17-04-2007)
DE60103401D1 24 June 2004 (24-06-2004)
EP1295335A1 26 March 2003 (26-03-2003)
EP1295335B1 19 May 2004 (19-05-2004)
US2002043706A1 18 April 2002 (18-04-2002)
US6686653B2 03 February 2004 (03-02-2004)
WO00201633A1 03 January 2002 (03-01-2002)

Form PCT/ISA/210 (extra sheet) (July 2019)

Page Sof 5




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report

