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(57) ABSTRACT 

Electronic components are often assembled using robotic 
equipment, Such as pick-and-place machines, that is not opti 
mized for components such as ultra-thin semiconductor bare 
dice. Selective laser-assisted die transfer is described based 
on the unique blistering behavior of a multilayer dynamic 
release layer when irradiated by low energy focused laser 
pulse(s) in which the blister creates translation of the article 
being placed. Accurate placement results are provided with 
negligible lateral and angular displacement. 
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SELECTIVE LASER-ASSISTED TRANSFER 
OF DISCRETE COMPONENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a 35 U.S.C. S 111(a) continuation 
of PCT international application number PCT/US2012/ 
033147 filed on Apr. 11, 2012, incorporated herein by refer 
ence in its entirety, which is a nonprovisional of U.S. provi 
sional patent application Ser. No. 61/473,988 filed on Apr. 11, 
2011, incorporated herein by reference in its entirety. Priority 
is claimed to each of the foregoing applications. 
0002 The above-referenced PCT international applica 
tion was published as PCT International Publication No. WO 
2012/142177 on Oct. 18, 2012 and republished on Feb. 28, 
2013, which publications are incorporated herein by refer 
ence in their entireties. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0003. This invention was made with Government support 
under Defense Microelectronics Activity (DMEA), Depart 
ment of Defense Cooperative Agreements Nos. H94003-08 
2-0805, H94003-09-2-0905, and H94003-11-2-1 102. The 
Government has certain rights in this invention. 

INCORPORATION-BY-REFERENCE OF 
MATERIAL SUBMITTED ON A COMPACT DISC 

0004) Not Applicable 

NOTICE OF MATERIAL SUBJECT TO 
COPYRIGHT PROTECTION 

0005. A portion of the material in this patent document is 
Subject to copyright protection under the copyright laws of 
the United States and of other countries. The owner of the 
copyright rights has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the United States Patent and Trademark 
Office publicly available file or records, but otherwise 
reserves all copyright rights whatsoever. The copyright owner 
does not hereby waive any of its rights to have this patent 
document maintained in secrecy, including without limitation 
its rights pursuant to 37 C.F.R.S 1.14. 

BACKGROUND OF THE INVENTION 

0006 1. Field of the Invention 
0007. This invention pertains generally to electronic 
manufacturing, and more particularly to laser-induced for 
ward transfer contactless assembly of Small components. 
0008 2. Description of Related Art 
0009 Laser transfer technologies are receiving increasing 
attention in the industry. Existing technologies, however, Suf 
fer from significant drawbacks which limit their applicability. 
One of the approaches utilized for laser transferring articles 
involves: (1) attaching the transfer article to a transfer sub 
strate (carrier) by means of a dynamic release layer (DRL), 
and then (2) ablating a plume of material from the dynamic 
release layer (DRL) to forcibly eject the article toward a 
receiving Substrate. This method incorporates a dynamic 
release layer and an adhesive layer to attach the transfer 
article. The DRL is considered to release the transfer article 
by changing the physical state of the DRL, for example by 
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vaporization or melting, in response to exposure to the energy 
Source that causes a rapid and localized plume of material 
ejected from the carrier which projects the transfer article to 
a receiving Substrate. This ablative mechanism for laser-as 
sisted transfer has been described in a number of publications 
in the field. 
0010. However, projecting the transfer article with an 
ablated plume of material severely limits transfer article 
placement safety and accuracy. Specifically, in the ablative 
laser release, the combination of the stochastic nature of the 
release dynamics and flight instability thwart achieving any 
consistency in article placement. The lack of positioning pre 
cision is inherent for this process when a relatively low den 
sity gas is used to push a higher density object. 
0011 When higher precision transfer is desired, practical 
applications utilize a contact transfer as preferred over the 
less accurate transfer of articles over a gap (contactless trans 
fer). Some proposed laser transfer mechanisms discuss trans 
fers over a gap up to 300 um, while only illustrating results 
provided for contact transfers. 
0012. One very important category of articles to be trans 
ferred are integrated circuit “die”, or plural "dice'. A bare die 
is a Small piece cut (e.g., typically rectangular) from a semi 
conductor wafer that contains a microelectronic semiconduc 
tor device, that is an integrated circuit, also referred to an 
“IC, or “chip'. Alternatively, these die may comprise micro 
electro-mechanical systems (MEMS) and other devices, or 
device components, separated from a semiconductor wafer. 
0013. In one of the contact mechanisms for transferring 
bare dice the 'etched wafer' is sandwiched between the trans 
fer plate and the receiving Substrate. In another contact trans 
fer mechanism the transferred die is beneath and in contact 
with the polyimide ribbon to which it is transferred. Contact 
transfer Suffers from shortcomings, including: (1) the possi 
bility to mechanically damage the transfer article when bring 
ing it in contact with the receiving Substrate; (2) the inability 
to perform a transfer when other components have already 
been placed on the substrate; (3) the inability to perform 
transfers on other than a planar Surface; (4) the inability to 
transfer articles at a high rate because it requires (a) position 
ing the substrate with the transfer article in the desired loca 
tion, (b) bringing down the substrate with the article, (c) 
transferring the article, (d) lifting the substrate. It will be 
appreciated that steps (b) and (d) are omitted in the contact 
less transfer. 
0014. As seen above, although contactless transfers con 
ceptually have benefits over contact transfers, these have not 
been realized in practice. 
0015. Accordingly, a need exists for a laser transfer 
method of contactless transfer which overcomes the position 
ing inaccuracy inherent in present practices. 

BRIEF SUMMARY OF THE INVENTION 

0016. A method of assembling ultra-thin (e.g., less than 
about 50 um thick) articles, such as electronic components, in 
a laser contactless assembly utilizing an improved laser-in 
duced forward transfer technique. The method is well suited 
to the assembly of ultra-thin articles, such as semiconductor 
dice. Although particularly well-suited for use with electronic 
components, the method can be utilized for assembling other 
devices, such as components of micro electro-mechanical 
systems (MEMS) and any other small discrete components. 
The method is herein referred to as Thermo-Mechanical 
Selective Laser Assisted Die Transfer (tmSLADT) method. 
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0017. It should be appreciated that the size of the transfer 
article can be defined by its: (a) thickness, and (b) the area 
defined by the length times width, or in the case of square 
shapes, by the length of the side of the square. 
0018 Research and experience have shown that brittle 
materials, such as silicon, can start becoming flexible when 
material thickness is reduced to less than 100 um, and are 
becoming more truly flexible when the thickness is reduced to 
less than about 50 lum. Articles thicker than 100 um are not 
flexible in the sense described herein (e.g., for use on a flex 
circuit or similar), and can be easily packaged by conven 
tional methods. A strength of the present invention allows for 
packaging of ultra-thin dice, and other ultra-thin components 
or articles with thicknesses of less than 50 um and, even more 
particularly less than 30 um, where other methods have not 
been demonstrated for packaging such ultra-thin dice. 
0019. The present invention can be utilized for handling 

articles, such as dice, in a wide area range. It will be noted that 
complications can arise with handling dice on either end of 
the size spectrum. Small size dice, Such as several hundredths 
of a square mm area, may have insufficient mass for separa 
tion from the carrier and transfer over the gap in response to 
momentum and gravitational forces of the process. When 
ultra-thin dice are large, such as several square mm or more in 
area, they can be difficult to handle because of issues with 
bending and warpage. Examples are provided herein for per 
forming the present inventive transfer for articles having 
thicknesses of 65um, 50 um, and 25um. The present inven 
tion provides a gentle transfer mechanism suitable for these 
ultra-thin articles, with the examples illustrating that the 
method and apparatus can be practiced across a range of die 
thicknesses below 100 um without limitation. 
0020. In contrast to many laser-induced forward transfer 
mechanisms, the methods of the present invention do not rely 
on the use of a plume of vaporized material from the dynamic 
release layer (DRL) to transfer the article(s). Instead, the laser 
beam (e.g., pulse or pulses) creates ablister in the DRL that is 
thicker than its laser absorption depth, thus confining the 
vaporized material within the blister. It is the blister that 
provides a gentle push of the transfer article (die) off of the 
dynamic release layer, thus separating the article towards the 
receiving substrate. The DRL, and more particularly the blis 
tering layer thereof, are Subject to only a limited non-pen 
etrating ablation, which creates vapors to form a blister, with 
out rupturing the blister. The laser power and thickness of the 
blistering layer are selected to prevent ablation vapors from 
bursting the blister and directly contacting the article of trans 
fer. In prior transfer techniques, high laser power values of 
between 1 and 50 m.J/pulse DRL evaporation were utilized in 
performing ablative laser transfer. The present invention uses 
laser power (energy) of much less than 1 m.J to assure that the 
blisters do not burst during the process. In particular, embodi 
ments of the present invention have utilized less than 20 
LJ/pulse in achieving Successful transfers. It can be appreci 
ated from this energy value, that the present process is agentle 
one in comparison to ablative release processes, whose 
energy levels can easily shatter ultra-thin semiconductor dice. 
0021. The basic concept of this method includes using a 
dynamic release layer (DRL). Such as a dual polymeric 
release layer, to attach the articles to be transferred to a 
laser-transparent carrier. The DRL in one embodiment of the 
invention comprises both a blistering layer and an adhesive 
layer. The blistering layer preferably comprises a polymer, 
polyimide, or inorganic material configured for controlled 
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ablation (i.e., not explosively) when irradiated with a laser 
beam having specific characteristics (e.g., wavelength and 
pulse energy) and which exhibits appropriate elastic behavior 
and mechanical strength so that ablister can be formed with 
out rupturing. During the process of laser transfer, the DRL is 
irradiated by a laser beam, Such as preferably a laser pulse or 
pulses through the laser-transparent carrier. It should be 
appreciated that the transparent carrier comprises a signifi 
cantly less flexible material than the DRL layer to assure that 
the energy of the blister is directed in the desired direction 
toward the adhesive layer and retained transfer articles, and 
preventing blister extension in the opposite direction. The 
laser energy absorbed at the carrier to DRL interface evapo 
rates a small amount of material of the blistering layer, gen 
erating gases that create ablister in the DRL without disrupt 
ing it. The blister then gently pushes the transfer article off the 
DRL towards the receiving substrate placed in close proxim 
ity. 
0022. In order to allow for transfer process optimization, a 
dual DRL is preferably utilized. The blister response is pro 
vided by a blistering layer adjacent to the transparent carrier 
layer. The blister size and integrity are controlled by the laser 
beam parameters and the thickness and material properties of 
the blistering layer. In order to avoid blisterrupture during the 
laser transfer, the blistering layer is thicker than its laser 
absorption depth. A second layer, an adhesive layer, is depos 
ited on the blistering layer which serves to temporarily bond 
the article until transfer. The adhesive properties and thick 
ness of this adhesive layer are preferably tightly controlled to 
regulate the successful non-violent transfer of the article 
attached to it without damaging it. 
0023. It should be appreciated that the DRL may comprise 
a single layer or multiple layers if they have the appropriate 
laserabsorption, blistering, and adhesion properties. It should 
be noted that these layers, in particular the absorption layer, 
may comprise inorganic materials. 
0024. The present invention provides a beneficial and 
novel technique for high-throughput handling and placement 
of ultra-thin articles, such as bare semiconductor dice. These 
ultra-thin articles are less than 100 um and more preferably 
less than about 50 um, with the invention being demonstrated 
to handle articles of significantly less thickness. Although 
capabilities exist both for placement of ultra-thin dice as well 
as placement of regular size dice at high rates, there is an 
unfilled gap when both capabilities are required simulta 
neously. The laser-assisted transfer method described herein 
offers numerous benefits when placing ultra-thin discrete 
components that may not be compatible with traditional pick 
and-place equipment. The present invention appears unique 
in its ability to support high-volume assembly of ultra-thin 
semiconductor bare dice, beneficial in manufacturing the next 
generation of mass produced high-density miniature elec 
tronic devices. It will be recognized that these Small compo 
nents can be easily damaged during standard “pick-and 
place' operations in which release is commonly performed 
with a metal needle. By contrast to this, the laser release 
operation of the invention provides a contactless process, 
which if properly controlled provides safe component assem 
bly on significantly smaller scale parts than pick-and-place 
capabilities. In view of the foregoing, the timSLADT process 
described herein represents an enabling technology as it 
offers capabilities not otherwise available. It should also be 
recognized that the timSLADT process described herein is 
capable of significantly higher placement speeds, such as 
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placing 100 components per second as compared to placing 2 
components per second for conventional pick-and-place 
machines. The speed increase is thus over an order of mag 
nitude, and nearly two orders of magnitude. 
0025. It should be recognized, that the present invention is 
amenable to performing placement of other devices, compo 
nents, and structures, including any MEMS elements, or other 
Small size discrete components, that can be attached to the 
DRL. 

0026. In one aspect of the invention, a method of transfer 
ring Small discrete components uses focused, low-energy 
laser pulses to create a blister in the DRL at the interface 
between the DRL and the laser-transparent carrier in response 
to localized heating. In response to the expansion of the 
blister the article located on the underside of the DRL is 
mechanically translated for accurate placement and transfer 
through an air gap on a receiving Substrate. The blistergently 
pushes the article with a force sufficient to overcome the 
adhesive force. The force exerted by the blister, in addition to 
the gravitational force of the transfer article, changes the 
momentum of the transfer article and initiates the transfer 
over the gap, 
0027. Further aspects of the invention will be brought out 
in the following portions of the specification, wherein the 
detailed description is for the purpose of fully disclosing 
preferred embodiments of the invention without placing limi 
tations thereon. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

0028. The invention will be more fully understood by ref 
erence to the following drawings which are for illustrative 
purposes only: 
0029 FIG. 1A through FIG. 1B is a schematic of selected 
laser-assisted transfer according to an embodiment of the 
present invention, showing laser energy being absorbed by a 
DRL (FIG. 1A) forming a blister (FIG. 1B) to transfer an 
article. 

0030 FIG. 2 is an image of a thermo-mechanical (blister) 
response of DRL according to an embodiment of the present 
invention when irradiated with a scanning laser beam in a 
spiral pattern. 
0031 FIG.3 is a chemical structure diagram for a polymer 
adhesive material utilized according to an embodiment of the 
present invention upon which to attach the transfer article to 
the blistering layer on the laser-transparent carrier. 
0032 FIG. 4 is a block-diagram of an experimental setup 
utilized according to an embodiment of the present invention 
for performing laser-assisted transfer of Solid articles. 
0033 FIG. 5 is an image of two 65 um thick silicon dice 
placed according to an embodiment of the present invention. 
0034 FIG. 6A through FIG. 6B are XY scatter plots of 
transferred 25um thick Sidice according to an embodiment 
of the present invention, showing lateral displacements in 
micrometers for laser-singulated and RIE-singulated dice 
from their release positions. 
0035 FIG. 7 are images of a functional single-chip device 
(an RFID tag) as a semiconductor bare die placed according 
to an embodiment of the present invention, showing the die in 
a circuit and a close-up inset image. 
0036 FIG. 8 is an image rendition of a fully functional 
flexible electronic device (an RFID tag) fabricated according 
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to an embodiment of the present invention, showing its size 
and flexibility in being readily manipulated in the hand of a 
USC. 

0037 FIG. 9 is a flow diagram of the selective laser-as 
sisted transfer of ultra-thin articles according to an embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0038. Selective laser-assisted transfer of discrete compo 
nents is well-suited for transferring a variety of solid devices, 
components or elements. The invention is particularly well 
suited in the assembling of very thin and/or otherwise fran 
gible (fragile) microelectronics, such as assembly onto flex 
ible substrates by way of example and not limitation. 
0039 Microelectronic devices assembled on flexible sub 
strates, which are based on the placement of ultra-thin com 
ponents (including semiconductor dice), find new and excit 
ing applications in wearable and low-cost disposable 
electronics, health care, space applications, MEMS, Solar 
cells, document security, biomedical, and other applications 
which benefit from flexibility, form fitment, and/or manipu 
lation robust construction. 
0040 Flexible electronics are still an evolving and highly 
dynamic technology area in comparison to traditional elec 
tronics packaging technology where discrete electronic com 
ponents are attached to rigid, laminate-based printed circuit 
boards using Surface-mount and/or through-hole methods. 
Fabricating a flexible electronic device is more complex than 
merely replacing the rigid board with a flexible substrate. 
Bulky, heavy, rigid components, such as the majority of inte 
grated circuit (IC) packages, are not designed for being Sup 
ported by a thin, flexible substrate. Attaching these to a flex 
ible circuit would compromise the quintessential property of 
a flexible electronic device its flexibility. Flexible sub 
strates require not only a small chip, but a flexible chip as 
well. This can be achieved only if the thickness of the silicon 
is reduced to less than 100 um, and more preferably 50 um or 
less. 
0041 Cost is often of paramount importance when manu 
facturing disposable electronics, with the cost of the silicon 
often being the largest contributor to the total cost of a dis 
posable electronic device, such as an RFID tag. It is well 
known in the trade that the cost of the semiconductor die 
scales with area raised to the 1.5 to 2 power. Therefore, 
reducing the die size by half would reduce the cost of silicon 
by a factor of 8 to 16. Cost depends also on the die thickness. 
Thinner wafers allow the manufacturer to obtain a higher 
quantity of slices from an ingot, whereby wafer cost is 
reduced. 
0042. At present, no suitable techniques are available for 
handling ultra-thin (less than 50 um thick) bare dice. These 
dice are very fragile and tend to be easily damaged by "pick 
and-place equipment which is conventionally utilized for 
direct chip attach. Picking the ultra-thin die from the carrier 
tape by the “pick-and-place' machine is a challenging task 
and can easily destroy the ultra-thin die. If the die is not 
Somehow fixed to the carrier tape, Stiction may become a 
problem, especially for components with a characteristic 
length of less than 300 um for which the gravitational force 
may become comparable to the Surface forces of attraction. 
The stiction problem can be alleviated if the dice are fixed to 
the carrier tape with adhesive. Then the question is how to lift 
the die from the adhesive film without damaging it. Various 
approaches explained in the literature use penetrating and 
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non-penetrating needle ejectors as well as thermal release 
tapes with variable success. The problems do not end with 
picking the die from the tape. Placement down-force is used 
to establish contact between the die bumps and the pads on the 
substrate. The ultra-thin dice are so delicate that the down 
force of the placement nozzle often cracks or otherwise 
mechanically damages the die when it is placed on the Sub 
Strate. 

0043 Flexible electronic products containing ultra-thin 
dice are used in mass-produced devices where roll-to-roll 
(R2R) manufacturing is the industry standard for cost-effec 
tive production. Each step in the manufacturing process, from 
the wafer to the final packaging, must be scalable to high 
Volume, low cost manufacturing. The die bonders can process 
thick dice at a rate of 3000 components per hour. This rate is 
much lower for precision assembly of ultra-thin dice because 
placement accuracy and rate are inversely correlated. 
Although a single-nozzle placement machine may have the 
precision to place Small-size electronic components, this 
equipment cannot handle ultra-thin dice and similar compo 
nents at a rate Sufficient for high throughput assembly. There 
fore, die placement is increasingly becoming the limiting 
factor on the widespread adoption of cost effective ultra-thin 
semiconductor dice. 

0044. The use of a laser for the transfer and contactless 
placement of discrete components has been applied to the 
transfer of semiconductor bare dice (e.g., Sitiles 150 umthick 
and 200x200 um) by ablative means and by gradual thermal 
heating to weaken areas of adhesive. In ablative techniques, a 
high-fluence single laser pulse creates a high-velocity jet of 
evaporated release material that ejects the die at high speed. 
The less violent thermal process decomposes the release 
material, in response to gradual heating of the area of the tape 
that holds the die, until the die literally drops onto the receiv 
ing Substrate undergravitational force. 
0045 One of the major problems with existing laser-as 
sisted transfer techniques is placement precision and accu 
racy. The ablative releasing method has been found to provide 
highly unpredictable component transfers and results in a 
local system which behaves closely to a “confined ablation' 
configuration. A sacrificial layer is vaporized as it is heated by 
a laser. The vaporized materials are not confined between the 
carrier Substrate and the bonded component on its surface. 
The rapidly expanding localized plume of vaporized material 
projects the transfer component to the adjacent receiving 
Substrate. By the nature of gas dynamics, the use of a rela 
tively low density gas to push a higher density component, 
Such as a semiconductor die, results in a process which is 
highly sensitive to initial conditions. Small variations in the 
heat absorption mechanism, irregularities in the sacrificial 
layer thickness and homogeneity, presence of contamination 
as well as time based variations in the profile of the laser beam 
used for ablating the sacrificial layer all contribute to the 
ablative release process being highly unstable and the results 
highly unpredictable. Additionally, ballistic component 
transfer Velocities using this approach raise issues regarding 
the ability of components to land safely on a receiving Sub 
strate without Sustaining damage. 
0046. The gradual thermal release technique is intended to 
address the transfer volatility and unpredictability observed 
in the ablative transfer process. Under a gradual thermal 
releasing configuration, the component to be transferred is 
prepared in the same way as the ablative releasing sample: 
however, the sacrificial layer behaves in a different manner. In 
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this case, the sacrificial layer is heated relatively slowly with 
laser fluences significantly lower than those used in an abla 
tive release. Like the ablative approach, in most cases, the 
thermal release still relies upon the laser energy being 
absorbed by the semiconductor component to be transferred. 
The resulting process includes a gradual heating of the sac 
rificial layer and provides for a less volatile and more predict 
able transfer process. The problem with the thermal releasing 
mechanism is the need to precisely control the process and the 
release material properties in order to achieve the desired 
effect. The separation of the die from the softened release 
layer relies on the gravitational force that has to overcome the 
forces of attraction acting on the interface between the die and 
release layer. This transfer can be problematic, or impossible, 
for dice with a small mass or lower aspect ratio (thickness 
to-projected area). 
0047. The results of the laser-assisted transfer techniques 
depend to a great extent on the composition and properties of 
the layer which bonds the transfer article to the releasing 
Substrate, known as the dynamic releasing layer (DRL). In 
using ablative techniques, the absorbed laser energy causes a 
total or partial evaporation of the DRL, with the kinetic 
energy of the evaporated material utilized to drive component 
transfer at high speed and Subject to damage and imprecision. 
0048. The present invention overcomes the problems with 
both thermal and ablative laser transfer techniques. The DRL 
compositions of the invention are selected so that the rapid 
localized heating adjacent the article to be transferred creates 
ablister of gas in the DRL which mechanically translates the 
article towards the receiving substrate to effect the transfer. 
0049 FIG. 1A through FIG. 1B illustrate an example 
embodiment 10 of a Thermo-Mechanical Selective Laser 
Assisted Die Transfer (tmSLADT) process. This timSLADT 
process is particularly well-suited as an electronic packaging 
technology for high-throughput, low-cost contactless assem 
bly of ultra-thin bare dice and other small components onto 
rigid and flexible substrates while overcoming the shortcom 
ings of previous die transfer processes. 
0050. A solidarticle for transfer 12 (e.g., die), is adhered to 
an adhesive layer 20 of a carrier 14. The opposing side of the 
Source material has a laser-wavelength transparent Substrate 
16. A blistering layer 18 is situated between the transparent 
substrate 16 and adhesive layer 20. The combination of blis 
tering layer 18 and adhesive layer 20 comprises a dynamic 
release layer (DRL) 22. 
0051 Laser energy 24, Such as laser pulse energy, is 
applied through the laser wavelength transparent Substrate 16 
which ablates only the thin absorption region of the blistering 
layer 18 leaving the rest of the layer intact, as well as the 
adjacent layers. The confined gas ofblistering layer 18 exerts 
a contained expansion force on the Surrounding structure 
(non-vaporized portion of the film). When the pressure inside 
the layer generates stress in the Surrounding layer that 
exceeds its yield strength, it starts to deform plastically and a 
blister 26 forms which separates article 12, as seen in FIG.1B, 
from the adhesive layer 20 and directs its motion for transfer 
to another substrate. 
0052. It will be noted that since the pressure of the heated 
expanding gas drops as the Volume of the blister increases 
until a steady state equilibrium is reached. A delicate balance 
exists in terms of absorbed laser energy, absorbing layer 
thickness and material properties, which controls whether or 
notablister forms, the size of the blister, and finally, whether 
or not the blister ruptures. It is important that the present 
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invention prevents blister rupture, as upon blisterrupture a jet 
of vaporized material transfers significant and highly variable 
momentum to the article being transferred, thus resulting in 
imprecise positional transfer. Since the blister-inducing layer 
is fully enclosed and contained, the force applied for the 
transfer is more easily controlled and accurate. In addition, 
the nonlinear absorption exhibited in semiconductors mate 
rials is now removed from the process, which provides a more 
repeatable and easy to control transfer process. 
0053. The single-layer DRL configuration, such as having 
a 1-10 um blistering layer (e.g., of polyimide) which has a 
relatively shallow ultraviolet (UV) absorption depth (e.g., 
0.2-0.5um), has been found to be very sensitive to the prop 
erties of the blister and release layer. It should be noted that 
the absorption depth should be less than the layer thickness, 
otherwise ablative transfer will arise. Three types of material 
properties should be precisely controlled to optimize opera 
tion of a single-layer DRL: (1) laser absorption, (2) mechani 
cal properties at elevated temperatures, and (3) adhesive 
properties. Consequently, a two-part DRL embodiment (e.g., 
as seen in FIG. 1A through FIG. 1B) was developed and 
implemented in which the first layer 18, adjacent to the laser 
transparent carrier 16, provides the blister mechanism and the 
second layer 20 (adhesive) is utilized to temporarily bond the 
transfer component. The dual-layer DRL configuration 
allows for uniquely formulating bonding layer adhesive 
strength while causing a minimal, or no, change to the dynam 
ics of blisterformation in the underlying absorbing/actuating 
layer. 
0054. It should be appreciated that other blistering mate 

rials with appropriate absorbing and elastic characteristics, 
Such as polymeric materials, may be substituted for polyim 
ide. It should also be appreciated that the DRL configuration 
may comprise additional layers as desired. For example, a 
layer of highly absorptive material can be placed between the 
laser-transparent carrier and the blistering layer to generate 
the blisterforming gas. The purpose of this absorption layer is 
to decouple the laser absorption properties of the DRL from 
the mechanical elastic properties required to create ablister 
with the optimal configuration (height, shape, and width). 
0055. In describing the laser-transparent carrier, the 
present invention requires only that the laser-transparent 
material of the carrier is not opaque, whereby it allows suffi 
cient laser energy to be transmitted to allow formation of the 
appropriate size blister. Any desired wavelength of laser 
wavelength transparency can be selected, insofar as proper 
ties of the carrier are configured for that wavelength. For 
example, the wavelength of transparency of the laser-trans 
parent layer of the carrier, and the laser wavelength absorbed 
by the blistering layer must be compatible with the selected 
laser wavelength. In other words, the laser frequency and 
elements of the carrier are selected so that most of the laser 
pulse energy (e.g., more than 50%, and preferably more than 
75%) is transmitted through to the blistering layer and 
absorbed, (e.g., within a depth of 0.2 to 0.5um of the DRL). 
Typical transmission losses are on the order of 4% reflectance 
at each surface and bulk absorbance of less than 1% for a 
transmittance of 91% (0.96x0.99x0.96). The laser pulse 
energy can be increased or decreased depending on the trans 
mittance of the laser transparent Substrate to have the appro 
priate pulse energy reach the absorbing layer of the DRL. 
Because of the large mass of the laser transparent Substrate 

Aug. 28, 2014 

relative to the mass of the absorbing DRL layer, heating of the 
substrate should not be an issue for attenuations up to 25% in 
the substrate. 

0056. In one example embodiment, the laser transparent 
carrier comprises a 3"x /16" fused silica disk (Chemglass Life 
Sciences, part number CGQ-0600-10). The DRL consists of 
a first blistering layer of spin-on polyimide (PI-2525, HD 
Microsystems), followed by an adhesive layeroflow molecu 
lar weight polyester, formulated in house and designated as 
PET. 

0057 FIG. 2 is a thermo-mechanical (blister) response of 
DRL when irradiated with a scanning laser beam in a spiral 
pattern. A magnification of 1000x is shown on the image 
having a viewing area of about 100 Lum. 
0058 FIG.3 depicts the structure of this PE7 low molecu 
lar weight polyester adhesive layer which is based on fatty 
dimer diacid and biodiesel. In this demonstration, PE7 was 
diluted in tetrahydrofuran (THF) to a concentration of 5% by 
weight. PE7 can be synthesized by charging dimer fatty acid 
(from Croda Polymer & Coatings) (0.01 mol, 5.70 g), soy 
biodiesel (From Cargill Inc.) (0.02 mol, 5.54 g), dibutyltin 
dilaurate (from Sigma-Aldrich) (0.05 g), and xylene (20 ml) 
into a three-necked, round-bottomed flask equipped with a 
magnetic stirrer, a Dean-Stark trap with a condenser, and gas 
inlet and outlet. The mixture was heated to 160° C. for 3 hours 
under nitrogen atmosphere. Xylene and water were removed 
from the system by distillation. Then the mixture was heated 
to 230° C. for 5 hours to obtain the yellow, viscous liquid of 
PE7, with the above process providing a yield of about 97%. 
0059. The following description is provided by way of 
example and not limitation on a demonstration of the current 
invention. One of ordinary skill in the art will appreciate that 
fabrication steps are not limited to those described below or 
elsewhere in the text. 

0060. The DRL materials are spin coated on a SUSS RC-8 
spin coater. The fused silica disks are first cleaned and dried 
on the SUSS RC-8 using Tetrahydrofuran (THF). Spin coat 
ing of the PI-2525 polyimide layer is carried out as follows: 
dispense the polyimide on a static Substrate and let the poly 
imide relax, then spin at 500 rpm for 10 seconds (acceleration 
of 500 rpm/min) followed by 5000 rpm for 40 seconds (accel 
eration 1000 rpm/min). Curing is achieved in an oven under 
nitrogen atmosphere as follows: ramp to 120° C. and hold for 
30 minutes, then ramp to 350° C. and hold for 30 minutes, 
cool downgradually to 50° C. or less before exposing to room 
temperature. The thickness of the polyimide film obtained 
with these spin-coating and curing parameters was 4 um 
which agrees with the spin curves provided by the polyimide 
manufacturer. The PE7 is also dispensed on a static substrate, 
but unlike the polyimide, the whole fused-silica disc is coated 
with the solution prior to spinning. Parameters used for spin 
coating were 5 seconds spin at 500 rpm (acceleration 500 
rpm/min) followed by a 4500 rpm spin for 40 seconds (accel 
eration 1000 rpm/min). 
0061 Commercially mechanically ground to 50 um thick 
ness (100) p-type Si wafers were utilized in this technology 
demonstration. The wafer preparation started with sputtering 
a 2-um thick Culayer on top of the wafer, preceded by a 300 
A thick layer of Ti for improved adhesion of the Cu. The 
discrete components utilized in this demonstration were 
blank silicon tiles. One would not expect the transfer dynam 
ics of a functional silicon-based IC to differ significantly from 
a silicon tile with the same or nearly the same dimensions. 
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0062. The Cu film is patterned using standard lithographic 
technique into squares with 350, 670, and 1000 um sides to 
produce dice with the corresponding dimensions. The Cuand 
Ti layers in the streets (the space between the dice) is then 
etched away to expose the wafer. 
0063) Next, the wafers are rinsed and dried and placed 
Cu-side down in a Trion Phantom II RIE Plasma Etcher for 
backside thinning down to 25 Lum. The parameters for both 
wafer thinning and opening the Streets in the next step is 
shown in Table 1. 

0064. The measured etch rate resulting from these param 
eters was 0.25 um/min. The wafer thickness was measured 
using a contact profilometer (KLA Tencor P-11) on a separate 
control section of the same wafer placed in the etcher adjacent 
to the processed wafer. 
0065. After the wafer was thinned to 25 um, it was 
attached to the DRL on a fused silica carrier serving as a 
laser-transparent carrier. The stack was run through an Optec 
DPL-24 Laminator to ensure reproducible and evenly distrib 
uted bonding pressure between the DRL and the wafer. The 
laminator parameters were as follows: dwell in vacuum for 7 
minutes, then pressurize the chamber and dwell for additional 
3 minutes. The pressure of the laminator used was set and 
non-adjustable. 
0066. After the wafer was bonded to the DRL, the wafer is 
singulated into dice. This was performed utilizing two meth 
ods, reactive ion etching (RIE) and laserablation, thus allow 
ing their respective results according to the present invention 
could be compared. 
0067. The RIE process involved opening the exposed 
streets using the RIE parameters in Table 1. Half of the sample 
is protected by a glass slide in order to leave a wafer area for 
laser singulation and comparison experiments between the 
RIE etched and laser singulated dice. 
0068 A Spectra Physics HIPPO Nd:YVO laser operating 
at 355 nm is used for singulating the other half of the wafer 
along the wafer streets. The laser was set to a 50 kHz repeti 
tion rate, and used at an average power of 3 W. with a pulse 
energy of approximately 60 L.J. Utilizing a scan speed of 
about 400 mm/s, 20 scans were required to singulate a die of 
approximately 25um thick. 
0069. After laser singulation was completed, the sample 
was inspected utilizing a backlit optical microscope to ensure 
complete dicing was achieved. In some cases, nearly com 
plete dicing occurred while small tabs of Si remained intact 
across the diced streets, which inhibited the transfer process. 
The desire for full separation must be balanced with the 
harmful effects of over-scanning during dicing, as laser scan 
ning much beyond that necessary to singulate the wafer 
affects the properties of the DRL and must be monitored. 
0070 A system or apparatus for performing transfer of 

ultra-thin articles according to at least one embodiment of the 
invention comprises a carrier configured for retaining an 
ultra-thin article in preparation for transfer to a Substrate (e.g., 
any desired material) in combination with a laser scanning 
device. The system can be generally described as: (a) a carrier 
having a laser-transparent layer, blistering layer, and an adhe 
sive layer to which an ultra-thin article is attached in prepa 
ration for a transfer operation; (b) means for outputting a laser 
beam; (c) means for shaping the laser beam into a pattern; (d) 
means for directing the laser beam through the laser-trans 
parent layer of the carrier to the blistering layer, proximal the 
adhesive layer, to form a blister in the blistering layer which 
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deforms the adhesive layer inducing separation of the article 
(e.g., electronic component dice) from the carrier to any 
desired receiving Substrate. 
0071. The means for outputting a laser beam comprises at 
least one laser device configured for outputting a laser beam, 
and preferably control electronics for selectively activating 
the generation of the beam from the laser device. The means 
for shaping the laser beam into a pattern, comprises one or 
more optical elements configured for beam shaping, Such as 
selected from the group of optical elements consisting of 
half-waveplates, polarizers, beam expanders, beam shapers, 
lenses, and so forth which are known in the laser optical arts. 
The means for directing the laser beam through the laser 
transparent layer of the carrier to the blistering layer com 
prises beam directing and/or carrier motion control devices, 
configured to direct the beam to positions on the carrier. 
0072 The following describes, by way of example and not 
limitation, a particular implementation of the system and 
apparatus. 
0073 FIG. 4 illustrates a demonstration setup 30 showing 
the primary components of the timSLADT. A laser 32 (e.g., 
Spectra Physics HIPPO Nd:YVO) is exemplified having a 
third harmonic at 355 nm. The laser beam passes through an 
attenuator comprising a half waveplate mounted in a rotation 
stage 34 and a dichroic polarizer 36. The halfwaveplate in the 
rotation stage 34 and the laser beam polarization direction, 
perpendicular to the direction of propagation, rotate as the 
rotation stage is rotated, with the polarization rotating 
through twice the angle that the waveplate is rotated. When 
the beam polarization is parallel to the transmission axis of 
the polarizer, all the light is transmitted. When the beam 
polarization is perpendicular to the transmission axis, no light 
is transmitted. For angles in between, the power can be pre 
cisely attenuated. The rotational stage is electronically con 
trolled by a means for controlling the rotational stage angular 
position, such as a LabView(R) interface (not shown), utilized 
by way of example and not limitation. 
0074 The dichroic polarizer is fixed and has a fixed polar 
ization transmission axis, whereby light transmission varies 
as the cosine squared of the angle between the polarization 
direction of light in the laser beam and the polarizer transmis 
sion axis. 
0075. A power meter 38 is shown for indicating the power 
which is not transmitted through dichroic polarizer 36. 
0076. The beam is expanded through a beam expander 40 
and then passes through a refractive beam shaper 42 to attain 
a top hat profile. A pair of relay lenses 44, 46, enhance the 
uniformity of the top hat beam profile prior to the beam 
entering the laser scanhead 48 (SCANLAB HurrySCANR) 
II). 
0077. The scanhead 48 is positioned on a gantry mount 
and the scanned beam is directed down towards a target 50 
(e.g., carrier associated with the invention containing articles 
for transfer) on an XYZ motion control stage 52. It should be 
appreciated that the laser can be directed to a position on the 
carrier by utilizing means for redirecting the laser beam, Such 
as types of scan heads, and/or means for moving the position 
of the carrier. Such as a translation stage, or more preferably 
a combination thereofas shown in FIG. 4. 
0078 Embodiments of the motion control stage provide 
for moving the carrier in relation to a receiving Substrate, 
while retaining an operable gap over which the articles are 
transferred between the carrier and receiving substrate. In a 
preferred motion control stage the carrier and receiving Sub 
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strate are controlled independently so that an article located in 
any particular position on the carrier Substrate can be trans 
ferred to any desirable location on the receiving substrate. 
Manufacturing control systems are well known for handling 
one and two dimensional arrays of articles and performing 
other forms of transfer of these articles from a source to a 
destination. Typically, these control systems comprise a pro 
cessor, memory and programming executable on the proces 
sor for carrying out the step-and-repeat process by energizing 
electromechanical actuators in response to positioning sensed 
by electronic and electromechanical sensors in which timing 
and control activities are regulated by the programming of the 
manufacturing control system. It will be appreciated that 
retention of a gap and performing step and repeat processes, 
Such as under the control of a control system are well known 
in the art and need not be discussed at length. 
0079 Prior to each use, a second power meter can be 
placed after the scanhead to calibrate the beam power versus 
waveplate position on the sample. By placing the second 
power meter at the sample position, the power (pulse energy) 
on the sample can be calibrated to the angle of rotation of the 
half wave plate and/or to the power reflected onto the first 
power meter. 
0080. The specific devices shown in FIG. 4 provide each 
of the means elements described in a prior section. Specifi 
cally, means for outputting a laser beam may comprise laser 
32. Means for shaping the laser beam in to a pattern, may 
comprise the combination of optical elements 34, 36, 40, 42, 
44 and 46. It will be appreciated by one of ordinary skill in the 
art that different optical elements and different arrangements 
can be alternatively utilized for shaping the laser beam pat 
tern, such as to any of the patterns described herein. Means for 
directing the laser beam may comprise the use of either scan 
head 48, or motion control stage 52, but is more preferably 
and conventionally implemented as a combination of scan 
head 48 and motion control stage 52 to provide a very flexible 
and accurate mechanism for positioning the laser beam pat 
tern on the carrier. The carrier as described previously, is 
configured for blistering at desired positions, in response to 
receiving the energy of the laser beam, whereby transfer of 
articles attached to the adhesive of the carrier proximal that 
position are transferred. 
0081. The carrier substrate and receiving substrate are 
mounted proximal one another with a desired gap between 
the two, for facilitating the release of the article from the 
carrier Substrate to the receiving Substrate. In a very simple 
embodiment, the die to be transferred can be selected by 
positioning the carrier Substrate under a stationary laser beam 
and then firing the laser, thus eliminating the need for a laser 
scan head. 

0082 In a manufacturing embodiment, the mounting of 
the carrier substrate and receiving substrate are preferably 
configured for relative motion with one another, Such as pro 
viding a step-and-repeat process, whereby the articles con 
tained on a carrier at a first spacing (e.g., first pitch and 
positioning) are separated from the carrier and transferred to 
a receiving Substrate having a second spacing (e.g., second 
pitch and positioning) at which the articles are to be trans 
ferred. For example, motion control of the carrier and receiv 
ing substrates is preferably fully independent, and controlled 
by a system which controls the combination of the laser, 
optical elements and movements of the stages to perform 
transfer operations according to the invention. 
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0083. In one embodiment of the invention, dice attached to 
a carrier are transferred onto a flexible substrate in a roll-to 
roll system. The flexible receiving substrate is advanced in the 
roll-to-roll operation and the correct dice to transfer selected 
using the laser Scanner. The carrier can be configured for 
either linear positioning along the role, or for full independent 
position control. 
I0084. In one embodiment for demonstrating operation of 
the system, a wafer is mounted in a fixture used for laser 
transfer. The wafer in this test embodiment is attached to a 
carrier, and then singulated (separated into single die) in 
preparation for transfer to a receiving Substrate of any desired 
material, such as flexible circuit boards, or other circuit 
boards and/or substrates. Shims of 260 um thickness were 
used for the sake of this demonstration to space the receiving 
and releasing Substrates from each other (use of shims or any 
other physical contact between the two substrates is not 
required but simplified the setup). 
I0085. The releasing substrate is placed on top of the 
receiving substrate with the DRL and singulated wafer facing 
down. Prior to mounting, the receiving Substrate is spincoated 
with a pressure sensitive adhesive (PSA) and cured in order to 
provide a means for catching the transferred tiles. Since the 
average thickness of the wafer used in these samples is 25um 
thick, the transfer gap is about 235um. 
I0086 A receiving substrate with spincoated PSA was used 
in these demonstrations to determine the capabilities of the 
laser-transfer process. In a typical electronics packaging 
application, the receiving substrates would include rigid or 
flexible printed circuit boards, or other substrates, that pro 
vide a means for interconnecting the transferred dice to the 
other portions of the circuitry. 
I0087. In yet another embodiment, the transfer articles 
comprise components of a micro-electro mechanical system 
(MEMS), such as used for wafer-scale microassembly of 
MEMS built from parts fabricated on different substrates. In 
the case of transferring MEMS's components, the receiving 
substrate provides a location upon which the different com 
ponents of the MEMS are assembled using the inventive 
transfer method. For example, the discrete MEMS compo 
nents can be attached to the carrier substrate individually or 
they can be fabricated directly from the wafer attached to the 
carrier substrate by the same methods which are utilized for 
die singulation. 
I0088. Once the substrates are mounted, the fixture is posi 
tioned under the scanhead for transfer. The laser parameters 
used for activating the DRL are critical to optimize the trans 
ferrate, and minimize the lateral or rotational displacement of 
the die during transfer. Operating with pulse energies just 
below the rupture threshold of the configured transfer setup 
ensures maximumblister height while still containing the hot 
gas generated by the vaporized blistering layer material (e.g., 
polyimide). 
I0089. In one embodiment, a circular laser scanning pattern 
is utilized with a high repetition rate, multiple-pulse laser at a 
scan speed appropriate to create a continuous blister. It will be 
noted that a continuous blister is a series of overlapping and 
uninterrupted blisters each formed by a single pulse of the 
laser. Multiple concentric blisters may be added depending on 
the size of the article to be transferred. The beam spot size 
used in this embodiment is less than 20 Lim in diameter and the 
energy perpulse is selected to avoid bursting the blister mate 
rial, typically less than 20 J/pulse. The diameter of the ring 
blister may be up to the size of the article to be transferred. 
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The third harmonic of a Nd:YVO or Nd:YAG laser at 355 nm. 
is used in this embodiment which is absorbed within a 0.2 to 
0.5um depth of the polyimide blister material. 
0090. In another example embodiment, an individual blis 

ter with a size smaller than the size of the transfer article and 
a shape corresponding to the shape of the transfer article is 
generated by a single-pulse laser. 
0091. In another example embodiment, blisters are gener 
ated in shapes that contribute to precision placement tailored 
on the characteristics of the transfer article and the adhesive 
material used. Examples are spiral blisters, straight line blis 
ters, curved blisters, closed curve blisters, circular blisters, 
triangular blisters, rectangular blisters, and other geometric 
shapes and combinations thereof. The above blisters formed 
in response to one or more associated Scanning patterns 
selected from the group of scanning patterns consisting of 
straight lines, curved lines, closed curves, circles, triangles, 
rectangles, and other geometric shapes. It should also be 
appreciated that at least one embodiment of the present inven 
tion incorporates a control circuit for regulating the timing of 
the blister actuation toward optimizing release dynamics. 
0092. In another example embodiment, lasers operating at 
other wavelengths, such as other harmonics of the Nd:YAG 
laser or fiber lasers and transparent to the carrier may be 
substituted for the ultraviolet (UV) laser. It will be appreci 
ated that lasers are available having outputs in the ultraviolet, 
visible, or infrared portions of the wavelength spectrum. A 
laser can be utilized in the present invention insofar as the 
wavelength and energy of a pulse from the laser provides 
absorption of laser energy sufficient to ablate a part of the 
material of the blistering layer in order to release vapor for the 
blister initiation and growth. 
0093. In another example embodiment, a diffractive beam 
splitter is incorporated for generating a pattern of individual 
blisters using a single pulse laser. A diffractive optical ele 
ment can be customized to split a single beam into multiple 
beams to create a two dimensional array of blister to optimize 
the laser transfer. 

0094. In another example embodiment, annular ring blis 
ters are generated using a single pulse laser with an annular 
ring beam profile using two positive axicons. 
0095 Limitations on the demonstration setup utilized did 
not allow for a single pulse transfer mode or the majority of 
the other methods described above, whereby three continuous 
concentric circles were scanned on the back side of the die 
selected for demonstration of the transfer. The circle sizes 
depend on the size of the die being transferred. For the 680x 
680 um die, the circle sizes were 200, 400, and 600 um in 
diameter. The scan pattern started with the smallest circle first 
and drew each larger circle with a line connecting circles of 
different diameters. The scan speed was set to 300 mm/s 
which allowed for subsequent laser pulses to hit the DRL with 
nearly overlapping edges. This provided a continuous blister 
along the pattern of the laser Scan. The laser repetition rate 
was set to 15 kHz and the power varied from 150 to 250 mW 
depending on the characteristics of the DRL. These param 
eters resulted in pulse energies ranging from 10LJ to 17 L.J. 
0096 FIG.5 illustrates a typical result from the laser trans 
fer process of the invention, showing two dice which have 
been transferred in proper alignment onto a receiving Sub 
strate. This image was taken through the transparent receiving 
substrate. The releasing substrate from which the dice were 
transferred is in the background 
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(0097 FIG. 6A through FIG. 6B depict evaluations of the 
tmSLADT process showing displacement distances in both X 
and Y directions for dice subject to laser singulation (FIG. 
6A) and RIE singulation (FIG. 6B) of silicon dice that are 670 
um on a side and 25um thick. In these evaluations, transfer 
precision, accuracy, and rate were studied using samples pre 
pared as previously described. Pictures were captured of the 
transferred dice with an optical microscope to evaluate place 
ment accuracy and precision. The results clearly demon 
strated the remarkable transfer precision and accuracy of the 
tmSLADT process. The mean radial displacement for the 
laser-singulated dice was 39.2 um with a standard deviation 
of O-14.5 um. The angular displacements (rotations) of the 
transferred dice with respect to their original positions were 
negligible. For the RIE-singulated dice and omitting one out 
lier, these numbers were 52.7 um and 13.6 um, respectively. 
These results are a significant improvement over those 
obtained by ablative laser-assisted transfer and are compa 
rable to the thermal laser-assisted transfer process results. 
The transfer rates in these demonstrations were 85.7% and 
93.5% for the laser-singulated and reactive ion etching (RIE)- 
singulated dice, respectively. It is expected that a well-honed 
manufacturing process could provide higher transfer yields 
close to 100%. 

0098 FIG. 7 are views of a functional laser-transferred 
and interconnected RFID die as a further demonstration of the 
invention. The RFID die is shown attached in a circuit, while 
an inset image shows a close-up of die positioning. By way of 
example and not limitation, the device is a prototype passive 
RFID tag (also shown in FIG. 8) with an embedded ultra-thin 
RFID chip assembled using the present invention. This 
appears to be the first technology demonstration reported in 
the literature of a functional electronic device packaged using 
a contactless laser-induced forward transfer method. 
0099. The substrate features, including the pocket recep 
tor for the die and the antenna interconnects, were laser 
machined in this example using a 248 nm Optec excimer laser 
system. After micromachining and cleaning the Substrate, an 
adhesive was dispensed at the bottom of the die receptor 
pocket, for example a small bead of Loctite R 3627TM die 
attach epoxy about 100 um in diameter. An RFID die (e.g., 
Alien Technology HIGGS-3 R RFID die) was then laser 
transferred into the die receptor pocket by means of the 
tmSLADT method of the present invention. 
0100. The die attach epoxy was then cured (e.g., at 125°C. 
for 6 minutes) to fix the die in place. Next, an adhesive tape 
(e.g., polyimide tape) was used to secure the die in its pocket. 
Polyimide tape was used for convenience but may be substi 
tuted with a different type of material or omitted. In the next 
step, the laser machined trenches for the copper-etched 
antenna interconnects were filled with in-house prepared Ag 
ink using a process called Polymer Thick Film Inlaid (PTF 
I) and cured (e.g., at 150° C. for 4 hours). 
0101 FIG. 8 illustrates an example embodiment of an 
RFID tag, of which five of these RFID tags were prepared 
following the methods and using the materials described in 
this application, with and all of them being fully functional 
and able to communicate with the RFID reader. 

0102 FIG. 9 is a flowchart of the article transfer process 
according to the invention. The flow diagram shows step 70 of 
adhering a component or die as an article to an adhesive layer 
of a carrier in preparation for inducing separation and per 
forming the transfer process. Separation from the carrier is 
induced in article 72 in response to focusing a low-energy 
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laser pulse, or pulses, on ablistering layer within the carrier, 
which is proximal the adhesive layer, to form a blister which 
deforms the adhesive layer. The blistering layer and adhesive 
layer comprise a dynamic release layer (DRL). Transfer of 
article 74 from the carrier to a receiving substrate takes place 
as the article separates from the adhesive layer in response to 
blister expansion. 
0103. It will be appreciated that ultra-thin components can 
be easily damaged during standard pick-and-place releasing 
using a metal needle, while the laser release of the invention 
is a contactless process that if properly controlled can safely 
assemble components of a significantly smaller scale. The 
results demonstrate the unique capabilities of the timSLADT 
method and apparatus for assembling ultra-thin articles, 
including ultra-thin semiconductor dice. 
0104 From the discussion above it will be appreciated that 
the invention can be embodied in various ways, including the 
following: 
0105 1. A method of transferring articles, comprising: 
adhering an article to an adhesive layer of a laser-transparent 
carrier, focusing a low-energy laser beam through the laser 
transparent carrier on a blistering layer in said carrier, which 
is proximal said adhesive layer, to form a blister in the blis 
tering layer which deforms said adhesive layer, and transfer 
ring said article from said laser-transparent carrier to a receiv 
ing Substrate placed in close proximity in response to 
separation of said article as the blister expands. 
0106 2. The method of embodiment 1, wherein said blis 

ter expands to a Substantially fixed distance in response to 
receiving said low-energy laser beam. 
0107 3. The method of embodiment 1, wherein said blis 
tering layer comprises a polymer, polyimide, or inorganic 
material selected for ablation in a controlled, and non-explo 
sive, manner in response to irradiation with a laser beam of a 
given wavelength and pulse energy and which exhibits suffi 
cient elastic behavior that a blister can be formed without 
rupturing. 
0108 4. The method of embodiment 1, wherein said blis 
tering layer is subject to ablation that is limited to a non 
penetrating ablation creating vapors to form said blister with 
out rupturing said blister. 
0109) 5. The method of embodiment 1, wherein said blis 

ter is formed in response to said low-energy laser beam 
evaporating a small amount of material from said blistering 
layer which generates gases that create ablister in said carrier 
which deforms said adhesive layer of said laser-transparent 
carrier. 

0110. 6. The method of embodiment 1, wherein said low 
energy laser beam comprises a laser beam output having an 
ultraviolet wavelength. 
0111 7. The method of embodiment 1, wherein said low 
energy laser beam comprises a single pulse or series of pulses 
from a laser. 

0112 8. The method of embodiment 1, wherein said low 
energy laser beam has a scanning pattern with a high repeti 
tion rate and scanning speed selected to create a continuous 
blister. 

0113 9. The method of embodiment 8, wherein said scan 
ning pattern is selected from a group of scanning patterns 
consisting of Straight lines, curved lines, closed curves, 
circles, triangles, rectangles, and other geometric shapes. 
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0114 10. The method of embodiment 1, wherein said 
low-energy laser beam comprises less than 1 m.J of energy to 
assure that said blisters do not burst during transfer of said 
article. 
0115 11. The method of embodiment 10, wherein said 
low-energy laser has on the order of 20LJ of energy perpulse. 
011 6 12. The method of embodiment 1, wherein material 
vaporized by said low-energy laser beam are confined to an 
interior of said blister within said blistering layer. 
0117 13. The method of embodiment 12, wherein said 
ultra-thin article has a thickness of less than 100 Lum. 
0118 14. The method of embodiment 12, wherein said 
ultra-thin article has a thickness of less than 50 lum. 
0119) 15. An apparatus for transferring ultra-thin articles 
from a carrier to a receiving Substrate, comprising: a carrier 
having a laser-transparent layer, blistering layer, and an adhe 
sive layer to which an ultra-thin article is attached in prepa 
ration for a transfer operation; means for outputting a laser 
beam; means for shaping said laser beam into a pattern; and 
means for directing said laser beam through said laser-trans 
parent layer of said carrier to said blistering layer, proximal 
said adhesive layer, to form a blister in the blistering layer 
which deforms said adhesive layer inducing separation of 
said ultra-thin article from said carrier for receipt by a receiv 
ing Substrate; wherein blistering layer thickness exceeds the 
depth of laser beam absorption to prevent rupturing of the 
blistering layer. 
I0120 16. The apparatus of embodiment 15, wherein said 
ultra-thin article has a thickness of less than 100 um. 
I0121 17. The apparatus of embodiment 15, wherein said 
laser beam is output in an ultraviolet wavelength. 
0.122 18. The apparatus of embodiment 15, wherein said 
laser beam comprises a single pulse or series of pulses from a 
laser. 
I0123. 19. The apparatus of embodiment 15, wherein said 
means for outputting a laser beam comprises at least one laser 
outputting a laser beam. 
0.124 20. The apparatus of embodiment 15, wherein said 
means for shaping said laser beam into a pattern comprises 
optical components selected from a group of optical compo 
nents consisting of half-waveplates, polarizers, beam expand 
ers, beam shapers, and lenses. 
0.125 21. The apparatus of embodiment 15, wherein 
means for directing said laser beam comprises a scanhead 
and/or a translation stage for directing said laser beam at 
specific positions on said carrier from which said ultra-thin 
article is to be transferred. 
0.126 22. The apparatus of embodiment 15, wherein 
means for directing said laser beam through said laser-trans 
parent layer of said carrier is configured for directing said 
laser beam to said blistering layer proximal a specific ultra 
thin article on said carrier. 
I0127. 23. The apparatus of embodiment 15, wherein said 
blistering layer is subject to ablation that is limited to a non 
penetrating ablation creating vapors to form said blister with 
out rupturing said blister. 
I0128 24. An apparatus for transferring ultra-thin articles 
from a carrier to a receiving Substrate, comprising: a carrier 
having a laser-transparent layer, blistering layer, and an adhe 
sive layer to which an ultra-thin article is attached in prepa 
ration for a transfer operation; a laser and optical elements for 
shaping an output of said laser into a desired pattern; and at 
least one positioning device for directing said laser beam 
through said laser-transparent layer of said carrier to said 
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blistering layer, proximal said adhesive layer, to formablister 
in said blistering layer which deforms said adhesive layer 
inducing separation of said ultra-thin article from said carrier 
for receipt by a receiving Substrate; wherein said blistering 
layer is subject to ablation that is limited to a non-penetrating 
ablation creating vapors to form said blister without rupturing 
said blister. 

0129. 25. The apparatus of embodiment 24, wherein said 
ultra-thin article has a thickness of less than 100 Lum. 
0130 26. The apparatus of embodiment 24, wherein said 
laser beam is output in an ultraviolet wavelength. 
0131 27. The apparatus of embodiment 24, wherein said 
laser beam comprises a single pulse or series of pulses from a 
laser. 

0132) 28. The apparatus of embodiment 24, wherein said 
optical elements for shaping said laser beam into a pattern 
comprises optical components selected from the group of 
optical components consisting of half-waveplates, polarizers, 
beam expanders, beam shapers, and lenses. 
0.133 29. The apparatus of embodiment 24, wherein 
means for directing said laser beam comprises a scanhead 
and/or a translation stage for directing said laser beam at 
specific positions on said carrier from which said ultra-thin 
article is to be a transferred. 

0134 30. The apparatus of embodiment 24, wherein said 
laser beam has a scanning pattern with a high repetition rate 
and scanning speed selected to create said blister as a con 
tinuous blister. 

0135 Although the description above contains many 
details, these should not be construed as limiting the scope of 
the invention but as merely providing illustrations of some of 
the presently preferred embodiments of this invention. There 
fore, it will be appreciated that the scope of the present inven 
tion fully encompasses other embodiments which may 
become obvious to those skilled in the art, and that the scope 
of the present invention is accordingly to be limited by noth 
ing other than the appended claims, in which reference to an 
element in the singular is not intended to mean “one and only 
one' unless explicitly so stated, but rather “one or more.” All 
structural, chemical, and functional equivalents to the ele 
ments of the above-described preferred embodiment that are 
known to those of ordinary skill in the art are expressly 
incorporated herein by reference and are intended to be 
encompassed by the present claims. Moreover, it is not nec 
essary for a device or method to address each and every 
problem sought to be solved by the present invention, for it to 
be encompassed by the present claims. Furthermore, no ele 
ment, component, or method step in the present disclosure is 
intended to be dedicated to the public regardless of whether 
the element, component, or method step is explicitly recited 
in the claims. No claim element herein is to be construed 
under the provisions of 35 U.S.C. 112, sixth paragraph, unless 
the element is expressly recited using the phrase “means for.” 

TABLE 1. 

Dry Etch (RIE) Parameters for Si 

Pressure (mTorr) 100 
Power (Watts) 100 
Base Pressure 100 
(mTorr) 
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TABLE 1-continued 

Dry Etch (RIE) Parameters for Si 

O2 (Scom) 9 
SF6 (Scom) 26 
CH (sccm) 11 

What is claimed is: 
1. A method of transferring articles, comprising: 
adhering an article to an adhesive layer of a laser-transpar 

ent carrier, 
focusing a low-energy laser beam through the laser-trans 

parent carrier on ablistering layer in said carrier, which 
is proximal said adhesive layer, to form a blister in the 
blistering layer which deforms said adhesive layer; and 

transferring said article from said laser-transparent carrier 
to a receiving Substrate placed in close proximity in 
response to separation of said article as the blister 
expands. 

2. The method recited in claim 1, wherein said blister 
expands to a substantially fixed distance in response to receiv 
ing said low-energy laser beam. 

3. The method recited in claim 1, wherein said blistering 
layer comprises a polymer, polyimide, or inorganic material 
selected for ablation in a controlled, and non-explosive, man 
ner in response to irradiation with a laser beam of a given 
wavelength and pulse energy and which exhibits sufficient 
elastic behavior that a blister can be formed without ruptur 
ing. 

4. The method recited in claim 1, wherein said blistering 
layer is subject to ablation that is limited to a non-penetrating 
ablation creating vapors to form said blister without rupturing 
said blister. 

5. The method recited in claim 1, wherein said blister is 
formed in response to said low-energy laser beam evaporating 
a small amount of material from said blistering layer which 
generates gases that create a blister in said carrier which 
deforms said adhesive layer of said laser-transparent carrier. 

6. The method recited in claim 1, wherein said low-energy 
laser beam comprises a laser beam output having an ultravio 
let wavelength. 

7. The method recited in claim 1, wherein said low-energy 
laser beam comprises a single pulse or series of pulses from a 
laser. 

8. The method recited in claim 1, wherein said low-energy 
laser beam has a scanning pattern with a high repetition rate 
and scanning speed selected to create a continuous blister. 

9. The method recited in claim 8, wherein said scanning 
pattern is selected from a group of scanning patterns consist 
ing of straight lines, curved lines, closed curves, circles, tri 
angles, rectangles, and other geometric shapes. 

10. The method recited in claim 1, wherein said low-energy 
laser beam comprises less than 1 m.J of energy to assure that 
said blisters do not burst during transfer of said article. 

11. The method recited in claim 10, wherein said low 
energy laser has on the order of 20LJ of energy per pulse. 

12. The method recited in claim 1, wherein material vapor 
ized by said low-energy laser beam are confined to an interior 
of said blister within said blistering layer. 

13. The method recited in claim 12, wherein said ultra-thin 
article has a thickness of less than 100 um. 

14. The method recited in claim 12, wherein said ultra-thin 
article has a thickness of less than 50 um. 
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15. An apparatus for transferring ultra-thin articles from a 
carrier to a receiving Substrate, comprising: 

a carrier having a laser-transparent layer, blistering layer, 
and an adhesive layer to which an ultra-thin article is 
attached in preparation for a transfer operation; 

means for outputting a laser beam; 
means for shaping said laser beam into a pattern; and 
means for directing said laser beam through said laser 

transparent layer of said carrier to said blistering layer, 
proximal said adhesive layer, to form a blister in the 
blistering layer which deforms said adhesive layer 
inducing separation of said ultra-thin article from said 
carrier for receipt by a receiving Substrate; 

wherein blistering layer thickness exceeds the depth of 
laser beam absorption to prevent rupturing of the blis 
tering layer. 

16. The apparatus recited in claim 15, wherein said ultra 
thin article has a thickness of less than 100 Lum. 

17. The apparatus recited in claim 15, wherein said laser 
beam is output in an ultraviolet wavelength. 

18. The apparatus recited in claim 15, wherein said laser 
beam comprises a single pulse or series of pulses from a laser. 

19. The apparatus recited in claim 15, wherein said means 
for outputting a laser beam comprises at least one laser out 
putting a laser beam. 

20. The apparatus recited in claim 15, wherein said means 
for shaping said laser beam into a pattern comprises optical 
components selected from a group of optical components 
consisting of half-waveplates, polarizers, beam expanders, 
beam shapers, and lenses. 

21. The apparatus recited in claim 15, wherein means for 
directing said laser beam comprises a scanhead and/or a 
translation stage for directing said laser beam at specific 
positions on said carrier from which said ultra-thin article is to 
be transferred. 

22. The apparatus recited in claim 15, wherein means for 
directing said laser beam through said laser-transparent layer 
of said carrier is configured for directing said laser beam to 
said blistering layer proximal a specific ultra-thin article on 
said carrier. 
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23. The apparatus recited in claim 15, wherein said blister 
ing layer is subject to ablation that is limited to a non-pen 
etrating ablation creating vapors to form said blister without 
rupturing said blister. 

24. An apparatus for transferring ultra-thin articles from a 
carrier to a receiving Substrate, comprising: 

a carrier having a laser-transparent layer, blistering layer, 
and an adhesive layer to which an ultra-thin article is 
attached in preparation for a transfer operation; 

a laser and optical elements for shaping an output of said 
laser into a desired pattern; and 

at least one positioning device for directing said laser beam 
through said laser-transparent layer of said carrier to said 
blistering layer, proximal said adhesive layer, to form a 
blister in said blistering layer which deforms said adhe 
sive layer inducing separation of said ultra-thin article 
from said carrier for receipt by a receiving Substrate; 

wherein said blistering layer is subject to ablation that is 
limited to a non-penetrating ablation creating vapors to 
form said blister without rupturing said blister. 

25. The apparatus recited in claim 24, wherein said ultra 
thin article has a thickness of less than 100 um. 

26. The apparatus recited in claim 24, wherein said laser 
beam is output in an ultraviolet wavelength. 

27. The apparatus recited in claim 24, wherein said laser 
beam comprises a single pulse or series of pulses from a laser. 

28. The apparatus recited in claim 24, wherein said optical 
elements for shaping said laser beam into a pattern comprises 
optical components selected from the group of optical com 
ponents consisting of half-waveplates, polarizers, beam 
expanders, beam shapers, and lenses. 

29. The apparatus recited in claim 24, wherein means for 
directing said laser beam comprises a scanhead and/or a 
translation stage for directing said laser beam at specific 
positions on said carrier from which said ultra-thin article is to 
be a transferred. 

30. The apparatus recited in claim 24, wherein said laser 
beam has a scanning pattern with a high repetition rate and 
scanning speed selected to create said blister as a continuous 
blister. 


