wo 2017/160408 A1 [N I V00000 RO O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/160408 A1

21 September 2017 (21.09.2017) WIPO | PCT
(51) International Patent Classification: (74) Agents: MALLIE, Michael J. et al.; BLAKELY, SOKO-
GOIM 13/00 (2006.01) LOFF, TAYLOR & ZAFMAN LLP, 1279 Oakmead Park-
(21) International Application Number: way, Sunnyvale, California 94085 (US).
PCT/US2017/015128 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ. BA, BB, BG, BH, BN, BR, BW, BY,
26 January 2017 (26.01.2017) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(25) Filing Language: Enghsh DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(26) Publication Language: English KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(30) Priority Data: MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
15/075,086 18 March 2016 (18.03.2016) Us NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(71) Applicant: INTEL CORPORATION [US/US]; 2200 TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
Mission College Boulevard, Santa Clara, California 95054 ZA,ZM, ZW.
S). (84) Designated States (uniess otherwise indicated, for every
(72) Inventors: MAHAJAN, Ravindranath V., 333 West kind of regional protection available): ARIPO (BW, GH,
Malibu Drive, Chandler, Arizona 85248 (US). DIAS, Ra- GM, KFE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
jendra C.; 14230 South 14th Street, Phoenix, Arizona TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
85048 (US). MALATKAR, Pramod; 574 North Spanish TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Springs Drive, Chandler, Arizona 85226 (US). KLEIN, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Steven A.; 2136 West Portobello Avenue, Mesa, Arizona LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
85202 (US). SUBRAMANIAN, Vijay Krishnan; 5000 SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
West Chandler Boulevard, Chandler, Arizona 85224 (US). GW, KM, ML, MR, NE, SN, TD, TG).
ALEKSOV, Aleksandar; 4255 East Westchester Drive, Published:

Chandler, Arizona 85249 (US). SANKMAN, Robert L.;
13202 South 34th Way, Phoenix, Arizona 85044 (US).

with international search report (Art. 21(3))

(54) Title: MEMBRANE TEST FOR MECHANICAL TESTING OF STRETCHABLE ELECTRONICS

108

(57) Abstract: Embodiments are generally directed to membrane test for

MEMBRANE
16 106

ACTUATION
MECHANISM
104

PRESSURE
{— CRFORCE
102

FORCE MEDIUM
INLET
10

FIG. 1A

mechanical testing of wearable devices. A mechanical testing system in-
cludes an actuation mechanism including a clamp to hold a membrane in-
cluding stretchable electronics over an opening in the actuation mechanism,
wherein the actuation mechanism is to apply pressure to the membrane
through the opening; and a testing logic to control the application and re-
lease of pressure on the membrane by the actuation mechanism.
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MEMBRANE TEST FOR MECHANICAL TESTING OF
STRETCHABLE ELECTRONICS

TECHNICAL FIELD

Embodiments described herein generally relate to the field of electronic
devices and, more particularly, a membrane test for mechanical testing of stretchable

electronics.

BACKGROUND

Stretchable electronics, in which electronic circuits are deposited on
stretchable substrates or embedded in stretchable materials, have the potential to be utilized
in many new types of devices, including wearable devices and other implementations.

The stretching of stretchable electronics will inevitably stress the electronic
elements to some degree, and may be cause failure over time. As new uses for stretchable
electronics are being developed, it is becoming increasing important to provide repeatable
testing of the stretchable electronics under appropriate conditions in order to fully
understand the mechanical capability and reliability risks for stretchable electronic devices.

However, testing of stretchable electronics is generally not standardized,
and thus it is difficult to properly evaluate materials and devices that contain stretchable

electronics.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments described here are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings in which like reference
numerals refer to similar elements.

Figure 1A is an illustration of a membrane test for mechanical testing of
stretchable electronics;

Figure 1B is an illustration of a bilateral membrane test for mechanical
testing of stretchable electronics;

Figure 2 is an illustration of a stretchable electronics testing system
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providing membrane testing according to an embodiment;

Figure 3 is an illustration of electrical testing provided in conjunction with
mechanical testing of stretchable electronics according to an embodiment;

Figure 4 is an illustration of test settings for a mechanical test of
stretchable electronics according to an embodiment; and

Figure 5 is a flowchart to illustrate membrane based mechanical testing of

stretchable electronics according to an embodiment.

DETAILED DESCRIPTION

Embodiments described herein are generally directed a membrane test for
mechanical testing of stretchable electronics.

“Stretchable electronics” or “elastic electronics” means electronic circuits
that are deposited on stretchable substrates or embedded into stretchable materials, wherein
the stretchable materials. The electronic circuits may include stretchable electronic
devices. Stretchable electronics may include, but are not limited to, circuits embedded in
wearable devices.

“Wearable device”, “wearable electronic device”, or “wearable” refers in
general to clothing and accessories that incorporate electronic devices. A wearable device
may include stretchable electronics.

In some embodiments, an apparatus, system, or method provides for a
membrane test for mechanical testing of stretchable electronics. In some embodiments, a
testing process for stretchable electronics includes the application of pressure to a
membrane containing stretchable electronics.

In some embodiments, a stretchable electronics membrane is clamped or
attached to a plate or other surface with an opening through it. The opening is in an
instrument (referred to herein as an actuation mechanism) that can apply pressure to the
device through the opening. The actuation mechanism may include air pressure or other
fluid based, mechanical pressure (such as a curved pusher), or other pressure instrument. In
some embodiments, a deformation of the membrane sample is provided to better
approximate an actual use condition (such as being attached to body or clothing) in
comparison with a typical tensile test. An apparatus or system simulates the expansion of
the wearable devices in a similar way as would occur on the human body, thus providing a

more realistic estimate of the type of mechanical damage that may occur to the samples in
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use. In some embodiments, mechanical testing may include multiple application and
release of pressure cycles to provide repeated forces on the device under test.

In some embodiments, an apparatus or system includes a bilateral actuation
mechanism by which the pressure on the membrane may be reversed, thus allowing for a
testing in which the membrane is expanded in an opposite direction. In some
embodiments, the mechanical testing may include multiple cycles of: apply pressure —
release — apply opposite pressure — release.

In some embodiments, the testing further includes the addition of one or
more environment factors, such as temperature, humidity, and salinity (salt water testing to
simulate sweat), to simulate conditions for the device under test in use, including use when
in contact with or near to human skin. In some embodiments, the mechanical testing may
include testing within a chamber, where, for example, temperature and other conditions
may be adjusted to mimic use conditions and for accelerated temperature cycling testing.
In some embodiments, the conditions being mimicked may include conditions for a patch
that is on a human body, conditions for a bracelet or other wearable under daily
temperature changes, and other such conditions.

In some embodiments, an apparatus or system includes electrical
monitoring in-situ. In contrast to typical tensile testing of samples in lab scenarios, which
may determine where bulk fracture occurs, electrical monitoring allows for detection of,
for example, electrical opens in the traces of a device. In some embodiments, an apparatus
or system is further operable to provide cyclic testing, which can detect types of damage to
the device that are different than, for example, stretching a device sample to failure.

Figure 1A is an illustration of a membrane test for mechanical testing of
stretchable electronics. As illustrated in Figure 1A, a sample membrane 104 (also referred
to as a device under test, or DUT) is clamped utilizing one or more clamps 106 to a top
plate or portion of an actuation mechanism 104, wherein the membrane is coupled above
an opening in the top plate or portion of the actuation mechanism. In some embodiments,
the actuation mechanism is to provide fluid pressure, mechanical pressure, or other force
on the membrane through the opening to provide a force on the membrane 104.

In Figure 1A, “P” represents the air pressure or other force 102 that is
uniformly distributed on the underside of the membrane sample. In some embodiments,
the regions under the clamps 106 may be designed to simulate the product attach process
(such as an armband, wristband, clothing, or other items). In some embodiments, the air

pressure could be replaced with a different actuation mechanism to cause the sample to
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deform in a similar manner. Also illustrated is a force medium inlet, which in this
implementation may be an inlet for air under pressure.

Other possible actuation mechanisms are mechanical (using a curved
pusher), magnetic (using permanent magnets or electromagnets), bimetallic strip (could
deform with temperature if temperature cycling is also desired), or shape memory alloys
(could deform with temperature if temperature cycling is also desired). A schematic of a
setup with air pressure actuation method is Figure 2, other actuation methods would have

slightly different schematics based on controlling their specific actuators.

Figure 1B is an illustration of a bilateral membrane test for mechanical
testing of stretchable electronics. As illustrated in Figure 1B, a sample memory 158 is
clamped utilizing one or more clamps 156 across an opening in a mid- portion of a bilateral
actuation mechanism 154. In some embodiments, the bilateral actuation mechanism is to
provide fluid pressure, mechanical pressure, or other force on the membrane in alternating
directions through the opening to provide a bilateral force on the membrane 154.

In Figure 1B, “P” represents the air pressure or other force 153 on a first
side of the membrane, or the air pressure or other force 154 on a second side of the
membrane, which is uniformly distributed on either side of the membrane sample. In some
embodiments, the membrane may be attached by an elastomer material or stabilization for
the membrane 158. In some embodiments, the air pressure could be replaced with a
different actuation mechanism to cause the sample to deform in a similar manner. Also
illustrated are a first force medium inlet 160 and a second force medium inlet 161, which in
this implementation may be inlets for air under pressure.

Figure 2 is an illustration of a stretchable electronics testing system
providing membrane testing according to an embodiment. In the high level diagram
provided in Figure 2, a testing system 200 includes an actuation mechanism 204 to which
may be attached a stretchable electronics membrane as a device under test (DUT) 208 over
and opening, wherein the force generated by the actuation mechanism through the opening
deflects the sample membrane to apply mechanical force to the stretchable electronics of
the device under test 208. In some embodiments, the actuation mechanism may be a

bilateral actuation mechanism.
In some embodiments, the testing system may further include a pressure
gauge (such as a digital pressure gauge) 212 to measure the air pressure for the actuation

mechanism 204. In some embodiments, the system 200 an actuation support mechanism

216 for the particular force to be applied, such as a solenoid with back pressure release
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valve to allow pressure into the actuation mechanism 204 and hold the pressure, and to
allow release of pressure from the actuation mechanism 204, to thus apply and release
pressure. In other implementation, the solenoid may be replaced with a different valve unit
to enable the application and release of pressure for the actuation mechanism 204.

In some embodiments, the system 200 includes a reservoir 222 to hold air
under pressure for the actuation mechanism 204. In some embodiments, the system further
includes a pressure regulator, such as a digital pressure regulator 226, to regulate the level
of air pressure for the reservoir 222. In some embodiments, the pressure regulator 226 is
coupled with a line, such as house pressure line 232 to provide pressurized air for the
actuation mechanism 204, where the pressure line 232 may be coupled with a compressor,
which is not shown in Figure 2.

In some embodiments, the system 200 includes a control unit, such as
personal computer (PC) control 236, to control the testing process for the device under test
208, including the application and release of pressure cycles for the actuation mechanism
204 via control of the solenoid 216.

In some embodiments, the system 200 may further include a measurement
unit 240 to measure a displacement of the membrane 208 caused by the applied pressure.
The measurement unit may use one or more technologies to measure the displacement,
such as an automatic determination based on light reflection time utilizing one or more
displacement photodetectors; or digital image correlation wherein a camera and lens
system tracks the displacement or strain of the sample in a non-contact manner. The digital
image correlation may be utilized to provide real time measurement of mechanical force
applied to the device under test.

Figure 3 is an illustration of electrical testing provided in conjunction with
mechanical testing of stretchable electronics according to an embodiment. In some
embodiments, a test operation 300 for stretchable electronics 330, such as the membrane
device under test 104 illustrated in Figure 1A, the membrane device under test 158
illustrated in Figure 1B, or the device under test 208 illustrated in Figure 2, includes, but is
not limited to, testing of one or more electrical values for the stretchable electronics 330 as
the electronics are subjected to mechanical force, such as mechanical force induced on the
membrane in Figures 1A, 1B, and 2. The electrical testing is provided to determine onset
of failure of the stretchable electronics as a result of the mechanical force applied by the
testing. The electrical testing may include, but is not limited to, measurement of resistance

change. In some embodiments, the electrical testing may be combined with the mechanical
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testing illustrated in Figures 1A, 1B, and 2.

In a particular implementation, the mechanical testing of stretchable
electronics may affect a trace section 310 such that a least a portion of the trace section lifts
away 315. Because of this affect, the electrical resistance of the trace may change,
wherein the change may result in an infinite resistance at an extreme but also result in
simply a higher than normal resistance in other cases. Further, in additional to any
permanent change in resistance, a temporary or sporadic change may occur, such as only
while a force is applied to the stretchable electronics 330. In some embodiments, the
testing may include application of an ohmmeter to measure resistance, where such
measurement may be made constantly or at certain sample points to allow detection of
temporary or sporadic changes in resistance.

Figure 4 is an illustration of test settings for a mechanical test of
stretchable electronics according to an embodiment. In some embodiments, the testing
may include testing using the system illustrated in Figures 1A or 1B or as illustrated in
Figure 2. While particular examples of testing for three samples are illustrated in Figure 4,
embodiments are not limited to the illustrated inputs and outputs, or to particular settings
for each test.

In some embodiments, testing inputs for each of a plurality of samples may
include, but are not limited to, a humidity level (as a percentage); a temperature level (as
degrees Celsius); salinity (such as whether a certain amount of salt is or is not added);
strain in a first direction (such as in terms of a percentage of a length in a first direction,
Exx strain) and strain in a second direction (such as in terms of a percentage of a length in a
second direction, Eyy strain). Strain may also be measured directly using a strain gauge.

Other examples include ultraviolet testing to determine effect on cyclic
testing, or damage resulting as a result from extended time at a set strain value (with
humidity and temperature as variables as well).

In some embodiments, testing outputs for each of a plurality of samples
may include a number of cycles to failure (such as a certain number of application and
release of pressure cycles for a particular set of test input settings); a particular failure type
(such as, for example, delamination of the stretchable electronics occurring within a certain
number of cycles; bulk fracture of stretchable electronics occurring within a certain
number of cycles; or trace cracking within any number of cycles); and a failure value (such
as a certain electrical resistance value that is indicative of a trace cracking condition).

In some embodiments, the detection of a failure condition may include, but
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is not limited to, the following:

(1) Trace (metal) cracking: Trace cracking may be determined with an
electrical resistance test, as resistance is expected to change as traces are damaged. In
some embodiments, trace cracking may also include more complicated electrical testing,
such as parametric testing and functional testing of stretchable electronics.

(2) Delamination: In some embodiments, for optically transparent
materials testing for delamination may include can use optical imaging or photoelastic
testing processes. In some embodiments, for non-transparent materials, delamination may
detected using, for example, an acoustic sensor to identify areas of delamination

(3) Bulk fracture: In some embodiments, bulk fracture testing may utilize
electrical testing, such as described stated above.

Figure 5 is a flowchart to illustrate membrane based mechanical testing of
stretchable electronics according to an embodiment. In some embodiments, a process 500
for membrane based mechanical testing of stretchable electronics includes:

504: Attach stretchable electronics membrane to the actuation mechanism,

which may include a bilateral actuation mechanism.

508: Establish environmental conditions as required for the mechanical
testing, which includes, but is not limited to, establishing required conditions for
temperature, humidity, and salinity, such as illustrated in Figure 4.

512: Set test parameters, where such test parameters may include, but are
not limited to, number of application and release of pressure cycles for the membrane by
the actuation mechanism, and mechanical force level.

516: Enable failure monitoring as required for testing, including, but not
limited to, electrical testing providing monitoring of electrical conditions of the stretchable
electronics during testing (such as monitoring a resistance utilizing an ohmmeter or
measure any other electrical value of the stretchable electronics); strain gauge monitoring;
or digital image correlation.

520: Commence a first cycle by exerting a certain pressure on the
membrane under test.

524: Monitor values for the stretchable electronics as required, such as
illustrated in Figure 3.

528: Complete an pressure-release cycle by releasing the pressure on the
membrane after a certain time period;

532: Determine whether there are additional cycles to be performed in the

7
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particular test. If so, the process returns to applying pressure to the membrane to perform
another cycle.

536: If not, the testing cycles are complete, and the process may continue
with evaluating the stretchable electronics device under test to determine whether there is
any failure of the device, such as by delamination, trace crack, or bulk fracture of the
stretchable electronics.

In the description above, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the described
embodiments. It will be apparent, however, to one skilled in the art that embodiments may
be practiced without some of these specific details. In other instances, well-known
structures and devices are shown in block diagram form. There may be intermediate
structure between illustrated components. The components described or illustrated herein
may have additional inputs or outputs that are not illustrated or described.

Various embodiments may include various processes. These processes
may be performed by hardware components or may be embodied in computer program or
machine-executable instructions, which may be used to cause a general-purpose or special-
purpose processor or logic circuits programmed with the instructions to perform the
processes. Alternatively, the processes may be performed by a combination of hardware
and software.

Portions of various embodiments may be provided as a computer program
product, which may include a computer-readable medium having stored thereon computer
program instructions, which may be used to program a computer (or other electronic
devices) for execution by one or more processors to perform a process according to certain
embodiments. The computer-readable medium may include, but is not limited to, magnetic
disks, optical disks, compact disk read-only memory (CD- ROM), and magneto-optical
disks, read-only memory (ROM), random access memory (RAM), erasable programmable
read-only memory (EPROM)), electrically-erasable programmable read-only memory
(EEPROM), magnet or optical cards, flash memory, or other type of computer-readable
medium suitable for storing electronic instructions. Moreover, embodiments may also be
downloaded as a computer program product, wherein the program may be transferred from
a remote computer to a requesting computer.

Many of the methods are described in their most basic form, but processes
can be added to or deleted from any of the methods and information can be added or

subtracted from any of the described messages without departing from the basic scope of
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the present embodiments. It will be apparent to those skilled in the art that many further
modifications and adaptations can be made. The particular embodiments are not provided
to limit the concept but to illustrate it. The scope of the embodiments is not to be
determined by the specific examples provided above but only by the claims below.
If it is said that an element “A” is coupled to or with element

“B,” element A may be directly coupled to element B or be indirectly coupled
through, for example, element C. When the specification or claims state that a component,
feature, structure, process, or characteristic A “causes” a component, feature, structure,
process, or characteristic B, it means that “A” is at least a partial cause of “B” but that
there may also be at least one other component, feature, structure, process, or characteristic
that assists in causing “B.” If the specification indicates that a component, feature,
structure, process, or characteristic “may”, “might”, or “could” be included, that particular
component, feature, structure, process, or characteristic is not required to be included. If
the specification or claim refers to “a” or “an” element, this does not mean there is only

one of the described elements.

An embodiment is an implementation or example. Reference in the

bR INT3 bR INT3

specification to “an embodiment,” “one embodiment,” “some embodiments,” or “other
embodiments” means that a particular feature, structure, or characteristic described in
connection with the embodiments is included in at least some embodiments, but not
necessarily all embodiments. The various appearances of “an embodiment,” “one
embodiment,” or “some embodiments” are not necessarily all referring to the same
embodiments. It should be appreciated that in the foregoing description of exemplary
embodiments, various features are sometimes grouped together in a single embodiment,
figure, or description thereof for the purpose of streamlining the disclosure and aiding in
the understanding of one or more of the various novel aspects. This method of disclosure,
however, is not to be interpreted as reflecting an intention that the claimed embodiments
requires more features than are expressly recited in each claim. Rather, as the following
claims reflect, novel aspects lie in less than all features of a single foregoing disclosed
embodiment. Thus, the claims are hereby expressly incorporated into this description, with
each claim standing on its own as a separate embodiment.

In some embodiments, a mechanical testing system includes an actuation
mechanism including a clamp to hold a membrane including stretchable electronics over an

opening in the actuation mechanism, wherein the actuation mechanism is to apply pressure

to the membrane through the opening; and a testing logic to control the application and
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release of pressure on the membrane by the actuation mechanism.

In some embodiments, the actuation mechanism is a bilateral actuation
mechanism to apply pressure in a first direction and an opposite second direction on the
membrane.

In some embodiments, the pressure through the opening is a fluid pressure
on the membrane.

In some embodiments, the pressure through the opening is a mechanical
pressure on the membrane.

In some embodiments, the system further includes a monitoring unit to
monitor for a failure condition in the stretchable electronics device. In some embodiments,
the monitoring unit is to detect an electrical value of the stretchable electronics device. In
some embodiments, the electrical value is an electrical resistance value.

In some embodiments, the system further includes a measurement unit to
measure a displacement of the membrane.

In some embodiments, the control unit includes a computer with control
software.

In some embodiments, the system further includes a chamber to provide
control of environmental conditions for the stretchable electronics.

In some embodiments, a method includes receiving test parameters for mechanical
testing of a membrane including stretchable electronics, the membrane being coupled with
an actuation mechanism to apply pressure through an opening in the actuation mechanism,
the test parameters including a specified level of mechanical force to be applied to the
membrane; performing one or more application and release of pressure cycles by the
actuation mechanism based at least part on the test parameters; and monitoring for one or
more failure conditions for the stretchable electronics device.

In some embodiments, the pressure is an application of air pressure.

In some embodiments, the pressure is an application of mechanical

pressure.

In some embodiments, the mechanical forces include one or more of stress,
strain, or displacement.

In some embodiments, the test parameters further include a specified
number of application and release of pressure cycles for testing of the stretchable
electronics.

In some embodiments, monitoring for one or more failure conditions

10
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includes monitoring one or more electrical values of the stretchable electronics device.

In some embodiments, the one or more electrical values of the stretchable
electronics device include an electrical resistance of the stretchable electronics device.

In some embodiments, the method further includes applying one or more
environmental conditions for the mechanical testing of the stretchable electronics.

In some embodiments, the one or more environmental conditions include

one or more of temperature, humidity, and salinity.

In some embodiments, the one or more failure conditions include one or
more of: trace cracking of the stretchable electronics device; delamination of the
stretchable electronics device; or bulk fracture of the stretchable electronics device.

In some embodiments, a non-transitory computer-readable storage medium
having stored thereon data representing sequences of instructions that, when executed by a
processor, cause the processor to perform operations including receiving test parameters
for mechanical testing of a membrane including stretchable electronics, the membrane
being coupled with an actuation mechanism to apply pressure through an opening in the
actuation mechanism, the test parameters including a specified level of mechanical force to
be applied to the membrane; performing one or more application and release of pressure
cycles by the actuation mechanism based at least part on the test parameters; and
monitoring for one or more failure conditions for the stretchable electronics device.

In some embodiments, an apparatus includes means for receiving test
parameters for mechanical testing of a membrane including stretchable electronics, the
membrane being coupled with an actuation mechanism to apply pressure through an
opening in the actuation mechanism, the test parameters including a specified level of
mechanical force to be applied to the membrane; means for performing one or more
application and release of pressure cycles by the actuation mechanism based at least part on
the test parameters; and means for monitoring for one or more failure conditions for the

stretchable electronics device.

11
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CLAIMS

What is claimed is:

1. A mechanical testing system comprising:

an actuation mechanism including a clamp to hold a membrane including stretchable
electronics over an opening in the actuation mechanism, wherein the actuation mechanism is
to apply pressure to the membrane through the opening; and

a testing logic to control the application and release of pressure on the membrane by

the actuation mechanism.

2. The system of claim 1, wherein the actuation mechanism is a bilateral actuation
mechanism to apply pressure in a first direction and an opposite second direction on the

membrane.

3. The system of claim 1, wherein the pressure through the opening is a fluid

pressure on the membrane.

4. The system of claim 1, wherein the pressure through the opening is a mechanical

pressure on the membrane.

5. The system of claim 1, further comprising a monitoring unit to monitor for a

failure condition in the stretchable electronics device.

6. The system of claim 5, wherein the monitoring unit is to detect an electrical value

of the stretchable electronics device.

7. The system of claim 6, wherein the electrical value is an electrical resistance

value.

8. The system of claim 1, further comprising a measurement unit to measure a

displacement of the membrane.

9. The system of claim 1, wherein the control unit includes a computer with control

software.

-12-
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10. The system of claim 1, further comprising a chamber to provide control of

environmental conditions for the stretchable electronics.

11. A method comprising:

receiving test parameters for mechanical testing of a membrane including stretchable
electronics, the membrane being coupled with an actuation mechanism to apply pressure
through an opening in the actuation mechanism, the test parameters including a specified
level of mechanical force to be applied to the membrane;

performing one or more application and release of pressure cycles by the actuation
mechanism based at least part on the test parameters; and

monitoring for one or more failure conditions for the stretchable electronics device.
12. The method of claim 11, wherein the pressure is an application of air pressure.

13. The method of claim 11, wherein the pressure is an application of mechanical

pressurc.

14. The method of claim 11, wherein the mechanical forces include one or more of

stress, strain, or displacement.

15. The method of claim 11, wherein the test parameters further include a specified
number of application and release of pressure cycles for testing of the stretchable

electronics.

16. The method of claim 11, wherein monitoring for one or more failure conditions

includes monitoring one or more electrical values of the stretchable electronics device.

17. The method of claim 16, wherein the one or more electrical values of the
stretchable electronics device include an electrical resistance of the stretchable electronics

device.

18. The method of claim 11, further comprising applying one or more environmental

conditions for the mechanical testing of the stretchable electronics.

13-
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19. The method of claim 18, wherein the one or more environmental conditions

include one or more of temperature, humidity, and salinity.

20. The method of claim 11, wherein the one or more failure conditions include one
or more of:

trace cracking of the stretchable electronics device;

delamination of the stretchable electronics device; or

bulk fracture of the stretchable electronics device.

21. A non-transitory computer-readable storage medium having stored thereon data
representing sequences of instructions that, when executed by a processor, cause the
processor to perform operations comprising:

receiving test parameters for mechanical testing of a membrane including stretchable
electronics, the membrane being coupled with an actuation mechanism to apply pressure
through an opening in the actuation mechanism, the test parameters including a specified
level of mechanical force to be applied to the membrane;

performing one or more application and release of pressure cycles by the actuation
mechanism based at least part on the test parameters; and

monitoring for one or more failure conditions for the stretchable electronics device.

22. The medium of claim 21, wherein the test parameters further include a specified
number of application and release of pressure cycles for testing of the stretchable

electronics.

23. The medium of claim 21, wherein monitoring for one or more failure conditions

includes monitoring one or more electrical values of the stretchable electronics device.

24. The medium of claim 23, wherein the one or more electrical values of the
stretchable electronics device include an electrical resistance of the stretchable electronics

device.
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