US 20180358246A1
ao) United States

12y Patent Application Publication (o) Pub. No.: US 2018/0358246 A1l

Kobrin 43) Pub. Date: Dec. 13, 2018
(54) TRANSFER PRINTING USING (2013.01); HOIL 2933/0066 (2013.01); HOIL
ULTRASOUND 2224/85005 (2013.01); HOIL 2224/85205
(2013.01); HOIL 2224/78347 (2013.01); HOIL

(71)  Applicant: Boris Kobrin, Dublin, CA (US) 2221/68381 (2013.01); HOIL 2221/68363
(2013.01); HOIL 2224/838 (2013.01); HOIL

(72) Tnventor: Boris Kobrin, Dublin, CA (US) 2224/92247 (2013.01); HOIL 2224/83851
, ) , (2013.01); HOIL 2224/83874 (2013.01); HOIL

(73) A551gnee: IIlIlOVaSOIllC, II]C., DObllIl, CA wS) 2224/83005 (201301)’ HOIL 2224/83205

() Appl. No.: 15/61618 (2013.01); HOIL 33/0079 (2013.01)

(57) ABSTRACT
Embodiments of the invention pertain to methods useful in

transfer printing of small objects, like micro-LEDs from one
substrate to another using acoustic or ultrasonic energy. The

(22) Filed: Jun. 8, 2017

Publication Classification

(51) Int.CL pickup of objects from a substrate is performed by transfer
HOIL 21/67 (2006.01) head equipped with sticky polymer and an array of ultra-
HOIL 33/00 (2006.01) sonic transducers, and the high efficiency and selectivity of
HOIL 21/68 (2006.01) pickup of selected objects is done using ultrasonic energy
HOIL 33/62 (2006.01) directed towards the object. The disposing of objects to
HOIL 23/00 (2006.01) another substrate from a transfer head is done by directing
HOIL 21/683 (2006.01) an ultrasonic energy toward an object, which enable effec-

(52) US. CL tive and selective detachment of an object from a sticky

CPC ... HOIL 21/67144 (2013.01); BO6B 1/0607  polymer. Yet another embodiment also uses a UV light
(2013.01); HOIL 21/681 (2013.01); HOI1L source, which directs the light to the UV curable liquid
33/62 (2013.01); HOIL 24/85 (2013.01); disposed around the object on receiving substrate, thus
HOIL 21/6835 (2013.01); HOIL 24/78 curing this liquid would attach an object to receiving sub-
(2013.01); HOIL 24/83 (2013.01); HO1L 24/92 strate.

.. s
e e ey T e R R LLELE] memwe e -_Uu_tt‘tbtt‘-‘-‘-‘t‘u‘u‘-‘-‘-‘v‘-w \\"
] "
] t .‘1 :l
. N
n LR NN ]
' b ™ R
: :
L] -
' ~ . . b \_\-‘::_
ARBERL (iYL -_: LR e A [y . et X
n
3 |%t-\.' -.'\\\
. ! -
- .
B R S S
------------- TR DO
B At
L
.
%5 v Ny,
b N
: e
P L AL ALAL AL AN AR AN AN AR A AR TR a SRLLL T L L LY .
+ a .
Y. Y

M [
R R\
.‘\l.c"‘" LY }
v .
L .
B

nammmaman —mrrmree o o S N

b
+
¥
13
*
*
8
X



US 2018/0358246 A1

Dec. 13,2018 Sheet 1 of 4

Patent Application Publication

oy e el
s
% 7 7 z

N
A

}%ﬁ:ﬁ%ﬁidx:n&

f3 5+ SN bosmrnsrats VoFocoevern

™ . et .

= 25 s i 7%
et : ol o3 ol %
v o o s ¢
5 b 1a% ‘ o
a6 o { Kes e, 955
20 ot 15} g ~ ok Kz
I L o o el b
(= - L5, e P i ir
reegpdy e o, mNmS
= 1 o ;
: k e
5t i
1 %
‘\ - "
yrobrcy m m
L P
Frrreonnd Foeveac i
i




US 2018/0358246 A1

Dec. 13,2018 Sheet 2 of 4

Patent Application Publication

ropn
et
1287
\‘\u& \.W\W“ \. Y?A-
A.. \n e w\\\\\\\\\\\ . ,n\ww\
- o i i 7

S S

2

oy
.»QQ«““\\‘_\\

rvgred,




US 2018/0358246 A1

Dec. 13,2018 Sheet 3 of 4

Patent Application Publication

erpet

hpsorsrron,

gt o
- “ e %3 Ty
w = @M&%&\x\ ] B
4 @N\\\%%&\\M i L,
13 ...,. 7

gl S

e e cer e

N
)Y
\
H

ERES

X

pose

Mo

~

NN

N

N

TITE

s

ﬁ$§$§ﬁ

FER




Patent Application Publication  Dec. 13,2018 Sheet 4 of 4 US 2018/0358246 A1




US 2018/0358246 Al

TRANSFER PRINTING USING
ULTRASOUND

[0001] This application claims the benefit of U.S. provi-
sional Application No. 62/348,124, filed Jun. 9, 2016

FIELD

[0002] Embodiments of the invention relate to method of
transfer printing of small objects, for example, micro-scale
light emitting diodes (u-LEDs), from one substrate to
another.

BACKGROUND

[0003] This section describes background subject matter
related to the disclosed embodiments of the present inven-
tion. There is no intention, either express or implied, that the
background art discussed in this section legally constitutes
prior art.

[0004] There is a need for high throughput assembly of
small objects (semiconductor chips, LED chips, etc.) into a
large area device (display, heterogeneous optoelectronic
systems, biomedical devices, etc.). Incompatibility of sub-
strate materials (for example, plastics) to fabrication tech-
nology of devices (for example, LED chips) requires the
process of assembly some objects on a common device
substrate of different origin.

[0005] Bible [U.S. Pat. No. 8,333,860] suggested an array
of electrostatic MEMS heads for selective pick up and
transfer objects on a receiving substrate. This technology
required manufacturing transfer devices using MEMS tech-
nology. Transfer large amounts of microdevices (chips) onto
a single device (display) requires higher than 99.99% yield
of transfer, which is very problematic to achieve with a large
array of MEMS electrostatic actuators.

[0006] Nuzzo [US. Pat. No. 7,943,491] suggested a
method and system for such assembly based on elastomeric
transfer device, which uses kinetically control adhesion to
elastomeric surface to transfer objects from one substrate to
another. In this patent application high separation rates are
used to generate adhesion forces large enough to transfer
objects from a donor substrate to elastomeric transfer device,
and low separation rates have to be used in order to generate
adhesion forces low enough to facilitate transfer of objects
from transfer device to a receiver substrate. The difference
in those rates could be as high as 100 times (100 mny/s rates
for pickup objects from donor and 1 mm/s assembly rate to
receiver). This inevitably puts an inherent limit on through-
put of such system. Moreover, relying on just surface energy
for proper transfer of a very large quantities of materials is
problematic. Elastomeric material (for example, polydim-
ethylsiloxane) is quite porous and can accumulate moisture,
solvents and other vapors easily from the ambience or from
an object in contact, which could change surface energy
significantly. Also, exposure of elastomer (PDMS) to light
(especially UV component) could change surface energy
too. The content of PDMS is not usually uniform, having
different molecular weight components moving to and from
the surface over time and at different temperatures, which
could change surface energy in a very unpredictable way. All
above would inevitably impact the robustness of the process
of pick-up and separation of objects and elastomeric transfer
device. At the same time, the assembly process must deliv-
ery higher than 99% yield to be adopted in high volume low
cost manufacturing process.
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[0007] Here we suggest a new method for objects transfer
and assembly, which does not rely only on surface energy of
elastomeric material, but uses ultrasonic energy, and in some
embodiments UV light, to facilitate separation of objects
from elastomeric material and bonding them to a receiver
substrate.

SUMMARY

[0008] Embodiments of the invention pertain to methods
useful in transfer printing of small objects, like micro-LEDs
from one substrate to another using acoustic or ultrasonic
energy. The pickup of objects from a substrate is performed
by transfer head equipped with sticky polymer and an array
of ultrasonic transducers, and the high efficiency and selec-
tivity of pickup of selected objects is done using ultrasonic
energy directed towards the object. The disposing of objects
to another substrate from a transfer head is done by directing
an ultrasonic energy toward an object, which enable effec-
tive and selective detachment of an object from a sticky
polymer. Yet another embodiment also uses a UV light
source, which directs the light to the UV curable liquid
disposed around the object on receiving substrate, thus
curing this liquid would attach an object to receiving sub-
strate.

[0009] Another embodiment use ultrasonic energy also to
bond an object to the substrate during disposing by welding
it to the contact pads or wire bonds.

[0010] Yet another embodiment also uses a UV light
source, which directs the light to the UV curable liquid
disposed around the object on receiving substrate, thus
curing this liquid would attach an object to receiving sub-
strate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] So that the manner in which the exemplary embodi-
ments of the present invention are attained is clear and can
be understood in detail, with reference to the particular
description provided above, and with reference to the
detailed description of exemplary embodiments, applicants
have provided illustrating drawings. It is to be appreciated
that drawings are provided only when necessary to under-
stand exemplary embodiments of the invention and that
certain well known processes and apparatus are not illus-
trated herein in order not to obscure the inventive nature of
the subject matter of the disclosure.

[0012] FIG. 1A, FIG. 1B, and FIG. 1C: Views describing
the method of transferring an objects from a donor substrate
onto a transfer device

[0013] FIG. 2A, 2B, and 2C: Views describing another
embodiment for transferring an objects from a donor sub-
strate onto a transfer device, which uses a sacrificial layer

[0014] FIG. 3A, 3B, and 3C: Views describing the method
for transferring an objects from transfer device onto a
receiver substrate.

[0015] FIG. 4A and 4B: Views describing use of elasto-
meric layers for concentration of acoustic energy (acoustic
lens)

[0016] FIG. 5A and FIG. 5B: Views describing a method
of transferring a feature per current patent in roll-to-plate
configuration (continuous transfer printing), using cylindri-
cally-shaped transfer device
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[0017] FIG. 6A, 6B, and 6C: Views describing multiple
donor and receiver substrates configurations (multiple-donor
and/or multiple-receiver substrates with a single transfer
device)

[0018] FIG. 7A, FIG. 7B and FIG. 7C: Views describing
alignment and a system with ultrasonic-assisted welding or
wire bonding and UV-curable conductive adhesive.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0019] As a preface to the detailed description, it should be
noted that, as used in this specification and the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents, unless the context clearly dictates otherwise.
[0020] When the word “about” is used herein, this is
intended to mean that the nominal value presented is precise
within +10%.

[0021] Embodiments of the invention relate to methods
useful in transfer printing of small objects, like micro-LEDs
from one substrate to another using acoustic or ultrasonic
energy. Usually, this process is performed using so called,
transfer device, or transfer head. In prior art references
separation of objects from elastomeric transfer device has to
be slow, which slows down the entire assembly. Moreover,
relying on just surface energy would not provide robust
transfer process with a very high yield.

[0022] We suggest to employ ultrasonic energy to help
controlling separation of objects of transfer from elastomer
surface of transfer device, and also from adhesion layers of
donor substrate. Such separation would happen due one or
more of the following processes: vibration of the materials
and mismatch of impedances between elastomer (soft poly-
mer) and object (usually inorganic material), local heating of
elastomer and object (or interface between them) by ultra-
sonic pulse, where thermal mismatch would cause separa-
tion. Additional possibility is to help such separation by
bonding objects to receiver substrate after transfer using
ultrasonic welding, wire bonding or UV curing adhesives.
Transfer device could be a flat substrate (for batch, or
step-and-repeat transfer) or cylindrical substrate (for con-
tinuous transfer).

Embodiment 1

[0023] Transfer device is a flat substrate (1) with an array
of ultrasonic transducers (2) fabricated on its surface, and
connected to ultrasonic energy generator system (7), as
shown on FIG. 1A. The number and placement of such
transducers could be equal and similar to the placement of
objects (for example, LED chips) on the final receiver device
(for example, display). Alternatively, the number (and den-
sity) of objects could be much higher than on the final
device. Elastomeric film (3) is deposited on the surface over
ultrasonic transducers. It could be done in a few different
ways: for example, thin elastomeric film (PDMS) could be
attached to the glass substrate; alternatively, liquid PDMS
material (2-component mixed precursors) could be depos-
ited on substrate over transducers, and thermally cured. Such
transfer device then is placed in conformal contact with the
donor substrate (4), as shown on FIG. 1B. The donor
substrate (1) has an array of objects (5), which either just
sitting on the surface or attached to the surface with weak
adhesive or breakable bridge material. Alternatively (FIG.
2A), objects (5) are attached to the donor substrate (4)
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through a sacrificial layer (6), for example thin layer of wax.
This wax layer could be heated right before performing a
contact with transfer device to release objects from the
donor. In another option, wax could be heated just under the
objects to be selectively released using a pulse of ultrasonic
energy directed to the specific chip. The second part of the
process is transfer objects from transfer device onto a
receiver substrate. The transfer device (1) with objects (5)
disposed on the surface of elastomer (FIG. 3A) is brought to
conformal contact with a receiver substrate (9). as shown on
FIGS. 3A,3B and 3C. An ultrasonic energy from the gen-
erator (7) is directed to the interface between elastomer and
object, which would cause an object to be detached from
elastomer and left on the receiver substrate, as shown on
FIG. 3C, upon subsequent separation of transfer device and
a receiver substrate. The ultrasonic energy could be directed
selectively only to the objects to be transferred, as shown on
FIG. 3C, so only few objects (8) are being transferred to the
receiver substrate (9) by transfer device.

Embodiment 2

[0024] Elastomeric film (10) could be deposited over
ultrasonic transducer array with the certain level of confor-
mity to create curved surfaces over transducers (FIG. 4A);
proper deposition techniques known in the art could achieve
required curvature with a shape of lens to provide focusing
of ultrasonic energy to the right spot. This could signifi-
cantly enhance ultrasonic energy delivered to the right
component or interface, and also save overall required
power. In parallel, same technique of creating a stand-offs or
dimples also helps to avoid contact between elastomeric
material and areas of donor substrate free from transfer
objects. This would reduce forces of separation of transfer
device from donor substrate and reduce possible contami-
nation. Similar result could be achieved by depositing liquid
elastomer material on transfer device surface over trans-
ducer array and then casting it from a mold surface having
a lens curvature (11) (FIG. 4B). The pattern of lens array
should be aligned to ultrasonic transducers placement on
transfer device.

Embodiment 3

[0025] Transfer device is a cylindrical substrate (12) with
an array of ultrasonic transducers (2) fabricated on its
surface (FIG. 5A). Elastomeric film (3) is deposited on the
surface over ultrasonic transducers. It could be done in a few
different ways: for example, thin elastomeric film (PDMS)
could be attached to the glass substrate; alternatively, liquid
PDMS material (2-component mixed precursors) could be
deposited on substrate over transducers, and thermally
cured. And yet, another alternative method is to fabricate an
array of ultrasonic transducers on a thin sheet of flexible
polymer or glass and then laminate it to the cylinder’s
surface.

[0026] Such transfer device then is placed in conformal
contact with the donor substrate (4) having an array of
objects (5), which either just sitting on the surface or
attached to the surface with weak adhesive. The transfer
device then starts to turn while the donor substrate starts to
move laterally. This joint movement can be driven either by
transfer device or donor substrate, and the moment is
transferred through the contact between the two. Alterna-
tively, both parts could be driven independently with nec-
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essary synchronization between them. During such move-
ment, which is carried out with specific rate, objects are
transferred from a donor substrate onto elastomeric film due
to strong Wan-der-Vaals forces. Alternatively, ultrasonic
energy can be directed from an array of transducers (2) onto
the objects or interface between objects and donor substrate,
which would enable more reliable and fats detachment of
objects from the donor substrate. High speeds of transfer are
possible (up to 1 m/s).

[0027] Alternatively, as per Embodiment 1, objects could
be placed on donor substrate through some sacrificial layer
(example, wax) and that layer adhesion force could be
controlled (reduced) by temperature. For example, once wax
is melted an object won’t adhere to the donor substrate and
can be picked up by transfer device. Another option is to
melt sacrificial layer using ultrasonic pulse extended by
ultrasonic transducers. This way only objects affected and
released by sacrificial layer will be transferred.

[0028] Another option is to melt sacrificial layer using
ultrasonic pulse extended by ultrasonic transducers. This
way only objects affected and released by sacrificial layer
will be transferred.

[0029] Subsequently, the cylindrical transfer device with
objects disposed on the surface of elastomer is brought to
conformal contact with a receiver substrate (9) and starts to
turn, and receiving substrate starts to translate laterally, as
shown on FIG. 5B. An ultrasonic energy is directed to the
object, which would cause an object to be detached from
elastomer and left on the receiver substrate. The ultrasonic
energy could be directed selectively only to the objects to be
transferred, as shown on FIG. 5B, when only every other
device is being transferred.

[0030] The both processes above (transfer objects from
donor substrate to transfer device and transfer objects from
transfer device to receiver substrate) could be done on 2
separate tools or tracks, or on the same tool, where both,
donor and receiver substrates are located side by side in
sequence, and cylindrical transfer device makes one or more
turns over donor substrate to pick up objects, and then one
or more turns over receiver substrate to assemble them.

Embodiment 5

[0031] Transfer of objects from donor device onto transfer
device can be done from one donor substrate one time or
multiple times, or from multiple donors one or multiple
times. Transfer objects from the same donor substrate or
from multiple donor substrates onto different parts of trans-
fer device is possible in step-and-repeat mode, as shown on
FIG. 6A, where transfer 1 (13), transfer 2 (14) and transfer
3 (15) are performed sequentially, step by step.

[0032] Alternatively, transfer an objects from the one or
multiple donors to the same area of transfer device (with
some shift in placement) can be done to increase eflicient
density of objects on transfer device (and subsequently on
receiver substrate). And yet, another alternative is when
transfer of different objects (16, 17) onto transfer device can
be done from multiple donors (having different type of
objects, for example LED chips having red-R, green-G and
blue-B color emissions) in sequential mode with specific
alignment onto the same area of transfer device, as shown on
FIG. 6B, where 2 processes are performed sequentially on
the same or overlapping areas of transfer device. Transfer
similar or different objects from one or multiple donors onto
the same or different parts of transfer device is possible in a
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single turn or multiple turns, and multiple passes of cylin-
drical transfer device over the chuck holding one or multiple
donor substrates, as shown on FIG. 6C.

[0033] The same alternatives explained above exist in the
process of transfer objects from transfer device onto receiver
device. Objects could be transferred from a transfer device
one or multiple times to the same or different receiver
substrates depending on the goal and type of object devices.

Embodiment 6

[0034] Ifan object is an electrical device or electro-optical
device (for example, LED chip), and once it is transferred
onto receiver substrate it would be very useful to connect it
to the contact pads. Then the following embodiments pro-
vide the means for electrical connection of objects to the
contact pads (18) prefabricated on receiver substrate (9), as
shown on FIG. 7A. Once transfer device is aligned to contact
pads pattern on receiver substrate using image recognition
and alignment system (19) and brought in contact with the
receiver substrate an ultrasonic pulse is delivered to the
interface between object’s metalized surface and contact
pads to facilitate welding between them. The frequency and
power of such ultrasonic energy emitted by ultrasonic trans-
ducers can be equal or different from the frequency and
power of the pulse which facilitates separation of objects
from transfer device.

[0035] Another embodiment uses prefabricated wires
attached to objects, and during transfer device contact with
the receiver substrate a pulse of ultrasonic energy is directed
to the interface object’s wire and contact pad to facilitate
wire bond. The frequency and power of such ultrasonic
energy emitted by ultrasonic transducers can be equal or
different from the frequency and power of the pulse which
facilitates separation of objects from transfer device.

[0036] The bonding process of objects by welding or wire
bonding also helps to increase adhesion of an object to
receiver substrate and facilitate separation of an object from
transfer device in addition to (to increase separation speed
and reliability of the process).

Embodiment 7

[0037] Another embodiment suggests providing a UV-
curable conductive adhesive or ink (21) to be disposed onto
contact pads on receiver substrate (9), as shown on FIG. 7B.
Then transfer device is aligned to the contact pads on
receiver substrate using image recognition and alignment
system (19) and then UV light (20) is directed to the object
area including related contact pads on receiver substrate.
The UV light cures UV curable material (21) and fixes an
object in electrical contact with contact pads. The bonding
process of objects using UV curable conductive adhesive
also helps to increase adhesion of an object to receiver
substrate and facilitate separation of an object from transfer
device in addition to (to increase separation speed and
reliability of the process) or instead of using ultrasonic
energy. The described process could be implemented as well
in cylindrical transfer device configuration, as shown on
FIG. 7C, where UV light source (22) shines the UV light
(20) onto UV-curable conductive adhesive material (21)
pre-deposited on the receiver substrate (9), which bonds the
object (5) to the receiver substrate and provides electrical
connection to the bondpad.
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1. A method of transferring an object from a donor
substrate surface to a receiving substrate surface comprising:
providing a transfer device having a one or more ultra-
sonic transducers and an elastomeric material disposed
over said transducers;
providing a donor substrate having a donor surface, said
donor surface having at least one or more objects;

contacting at least a portion of said transfer device with at
least a portion of said donor substrate, said portion
having an object;

separating said transfer device from a donor surface at a

separation rate required for transfer of said object from
the donor substrate surface to the transfer device,
thereby forming said transfer surface having said object
deposited thereon;

contacting at least a portion of said object disposed on

said transfer surface with said receiving surface of said
receiving substrate,

directing a pulse of ultrasonic energy from one or more

ultrasonic transducers located in close vicinity of said
object, and separating said transfer surface from said
object, thereby transferring said object to said receiving
substrate.

2. The method of claim 1 wherein said objects have lateral
dimensions from 100 nm to 1000 microns and thickness
from 10 nm to 1000 microns.

3. The method of claim 1 wherein said ultrasonic trans-
ducers are made of piezoelectric material and 2 electrode
layers.

4. The method of claim 1 wherein said ultrasonic trans-
ducers are fabricated in the form of 2D-mesh of lines.

5. The method of claim 1 wherein said ultrasonic trans-
ducers are fabricated as an array of individual transducers
assembled on the transfer device.

6. The method of claim 1 wherein said ultrasonic trans-
ducers are individually controlled.

7. The method of claim 1 wherein said pulse of ultrasonic
energy is directed to all transducers to transfer all devices to
receiving surface.

8. The method of claim 1 wherein said pulse of ultrasonic
energy is directed to only selected transducers to transfer
only selected set of objects to receiving substrate.

9. The method of claim 1 wherein rate of separation of
transfer device from donor surface is in the range 1 mm/s to
1 m/s.

10. The method of claim 1 wherein said object is sup-
ported by adhesive or sacrificial layer.

11. The method of claim 10 wherein said adhesion or
sacrificial layer can change adhesion to said objects caused
by ultrasonic energy directed towards the object, interface or
layer itself.

12. The method of claim 11 wherein the sacrificial layer
is wax and it can melt upon absorption of ultrasonic energy.

13. The method of claim 1 wherein said object is con-
nected to said donor surface by one or more bridge elements,
which is fractured upon ultrasonic actuation.

14. The method of claim 1 wherein said elastomeric
material is deposited over said transducers so to create
lens-like shape over transducer objects for focusing acoustic
signal.

15. The method of claim 1 wherein said elastomeric
material is casted over said transducers using mold having a
concave lens structures for focusing acoustic energy.
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16. The method of claim 1 wherein said transfer device is
a flat mold, on which said transducers and elastomeric
material are fabricated, and wherein said flat mold is con-
tacting an object on donor or receiver substrate by moving
said substrate toward flat mold or moving flat mold towards
said substrate.

17. The method of claim 1 wherein said transfer device is
a cylindrical mold, on which said transducers and elasto-
meric material are fabricated.

18. The method of claim 17 wherein said cylindrical mold
is contacting an object on a donor or receiver substrate by
rolling on said object, and wherein said cylindrical mold is
separating from an object on a donor or receiver substrate by
rolling from said object.

19. The method of claim 1 wherein said transfer device
could contact more than one donor substrate to transfer
objects from donor substrate onto the transfer device surface
in step-and-repeat mode on different areas of transfer device.

20. The method of claim 1 wherein said transfer device
could contact the same donor multiple times and transfer
objects from donor substrate to the same area of transfer
device to increase density of objects on transfer device.

21. The method of claim 1 wherein said transfer device
could contact more than one receiver substrate to transfer
objects to multiple receiver substrates.

22. The method of claim 1 wherein said transfer device
could contact receiver substrate multiple times in order to
increase density of objects on the receiver substrate.

23. The method of claim 1 wherein said transducers are
aligned to objects on the donor substrate using optical image
recognition system and translation mechanism of the trans-
fer device or donor substrate.

24. The method of claim 1 wherein said objects have
metallized contact pads and receiver substrate has contact
pads fabricated on the surface for electrically connecting to
said objects, and after object is transferred to receiver
substrate ultrasonic energy is directed from said transducers
onto object and receiver contact pads being in contact to
perform ultrasonic welding.

25. The method of claim 1 wherein said object has
attached wires and receiver substrate has contact pads fab-
ricated on the surface for electrically connecting to said
objects, and after object is transferred to receiver substrate
ultrasonic energy is directed from said transducers onto the
interface between contact pads and object wires being in
contact to perform wire bonding.

26. A method of transferring an object from a transfer
device surface to a receiving substrate surface, comprising:

providing a transparent to UV light transfer device, an

elastomeric material disposed over said transfer device
and one or more objects attached to said transfer
device;
aligning said transfer device to a receiver substrate such
that said one or more objects are aligned to contact pads
fabricated on said receiver substrate and coated with
UV curable conductive adhesive;

contacting at least one of said one or more objects
disposed on said transfer device with a receiving sur-
face of said receiving substrate; and

directing a UV light through said transfer device to cure

said adhesive, and separating said transfer surface from
said object of said one or more objects, thereby trans-
ferring said object to said receiving substrate, and also
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electrically connecting said object of one or more
objects to said contact pad.
27. A method of transferring an object from a donor
substrate surface to a receiving substrate surface comprising:
providing a transparent to UV light transfer device having
a one or more ultrasonic transducers and an elastomeric
material disposed over said transducers;
providing a donor substrate having a donor surface, said
donor surface having one or more objects thereon;
contacting at least a portion of said transfer device with at
least a portion of said donor substrate, said portion
having an object of said one or more objects thereon;
separating said transfer device from said donor surface at
a separation rate required for transfer of said object of
said one or more objects from the donor substrate
surface to said transfer device, thereby forming a
transfer surface having said object of said one or more
objects thereon;
aligning said transfer device to said receiver substrate
such that said one or more objects are aligned to contact
pads fabricated on said receiver substrate and coated
with UV curable conductive adhesive;
contacting at least portion of said object of said one or
more objects disposed on said transfer surface with said
receiving surface of said receiving substrate,
directing a UV light through said transfer device to cure said
adhesive, and ultrasonic pulse energy from said transducers
to separate said transfer surface from said object, thereby
transferring said object of said one or more objects to said
receiving substrate, and also electrically connect said object
of said one or more objects to said contact pad.

® % % % %

Dec. 13, 2018



TRBR(F) £ R R ED

K (BE)S US20180358246A1 K (nE)R
RiES US15/616918 RiEHR
R E(FRR)A(E) RAEHBORIS

BRiE (TR A(F) B4k, BORIS

HAT R E (TR AGE)

INNOVASONIC INC.

patsnap

2018-12-13

2017-06-08

[#R1 &% BB A KOBRIN BORIS

KA KOBRIN, BORIS

IPCHEF HO01L21/67 HO1L33/00 HO1L21/68 HO1L33/62 HO1L23/00 HO1L21/683

CPCH¥EF HO1L21/67144 B06B1/0607 HO1L21/681 HO1L33/62 HO1L24/85 HO1L21/6835 H01L24/78 HO1L24/83
HO01L24/92 H01L2933/0066 H01L2224/85005 H01L.2224/85205 H01L2224/78347 H01L2221/68381
HO01L2221/68363 H01L2224/838 H01L2224/92247 H01L2224/83851 H01L2224/83874 H01L2224
/83005 HO1L2224/83205 HO1L33/0079 HO1L24/75 HO1L24/95 HO1L33/0093 HO01L2221/68322
H01L2221/68354 HO01L2221/68368 H01L2224/75315 H01L2224/75343 H01L2224/75651 HO1L2224
/7598 H01L2224/95115 H01L2224/95136 HO1L2224/97 HO1L2224/83 H01L2924/00014

H AN FF 32k US10249520

SNEBEEE Espacenet USPTO

HEGE)

NERBBHSSFERS & A TR F RSB F e B/ MR ( HIANEELED
M—PEREBRE —NER ) 5%, BEREAMERESWNES
MBERRRE T BB L RIMATNERB I |, H A REa &R EE
REERT MM AN RIS RRMEREYE, B FEFEESAY
EREBFUENERB LGRS —MER L, XESYEEEERE
FEFMEEMEEREN LB, XR—IREHEERUVER , 2R
SIS EREABRBER ENYEARNUVITE(LRE , BIELiZRE
SRR BRI EAR

¥
Y
¥
¥
¥
»
¥
¥
X,

AR A SRR A



https://share-analytics.zhihuiya.com/view/afa19b71-ef6b-4fed-a937-4e1e7a455ff9
https://worldwide.espacenet.com/patent/search/family/064563661/publication/US2018358246A1?q=US2018358246A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180358246%22.PGNR.&OS=DN/20180358246&RS=DN/20180358246

