WD 2011/ 065921PCT/ SG2009/ 000458 1 A POROUS FI LM SENSOR Fi el d of the

I nvention This invention relates to a filmmde of a polyner and

nanonat erwal2e11/d6b2¢ 5 particularly, this invention rel ate3/SGaomleosdssr mat i on
of pores in the film Still nore partitcularly, this invention relates to a
pressure transducer nade of the filmthat has a greater sensitivity because
of pores in the film Description of prior art io There are many types of
filmsensors. These f|In1sensors are comonly used in devices that neasure
accel eration, -force, or 'prAPOROUSHIMSENSORoNly available film -
sensors typically have inherent problens such as thermal budget
restrictions of the underlying substrates, nechanical integrity of the
sensors on a flexible substrate, surface roughness of film substrates,
signal routing, adhesion of 158K 8Fthd hvedtignn de substrates, cross-talk
bet ween sensors, power supply requirenents,. high cost and unacceptabl e
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consuner ries cur tly available fil msensors are not
desirabl e for use in these industries. 25 A particular problemwth the
prior art filmsensors is that the filnms are rigid or sem- rigid. The
rigidity of the films is oftepeddfiption bfpfiechrtt hat these fil m sensors are
rrade of mul tiple | ayers. For exarer commonl y avail able force sensors are
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of the g\}alllglble f|Yr%r¥ensogh eﬁggﬁy %atvgemherent problems such as thermal budget
restrictions of the underlying substrates, mechanical integrity of the sensors on a
flexible substrate, surface roughness of film substrates, signal routing, adhesion of |
15 metals to polyimide substrates, cross-talk between sensors, power supply

requirements, high cost and unacceptable manufacturing requirements.

Moreover, current flexible sensors often dd not provide real-time feedback that can
be used to adjust a stimulus, such as touch, force, acceleration and flow, or the

20 operational characteristics of a device to compensate for the stimulus. Even if
possible, the range of measurements that current sensors are able to measure lack
the required sensitivity for certain applications, like health-care, automotive or-
consumer industries. Thus, currently available film sensors are not desirable for use
in these industries. ‘

25 |
A paﬁicular problem with the prior art film sensors is that the films are rigid or semi-
rigid. The rigidity of the films is often due to the fact that these film sensors are
made of multiple layers. For example, commonly available force sensors are made
using two layers of either polyester or polyimide. On each layer, a conductive

30 material is applied, followed by a layer of pressure-sensitive ink. When the force
sensor is unloaded, the resistance of the film is very high because the ink is

separated by a gap between the layers. When a force is applied to the sensor, the



separated by a gap between the layers. When a force is applied to the
sensor, the WD 2011/065921PCT/ SG2009/ 000458 2 resi stance decreases as the
di st ance woetwgeaws2he | nks on the | ayers decreases. As tReTSEnRaO00MISt be
able revert to the original state after the application of a force, the
choice of materials used to formthe layers is restricted. This restriction
in the type of material used for layers in turn limts the sensitivity of
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nanomat pores; d a nmethod 1 n accordance with this film A first
advant age of a f|Im|n accordance with this invention is that the film 15

cont ai ores, t hat nake t re I t ond
vant Beaepaingly; fitre R Shectl nihecrirns fFF DR skl el Syeila 166
conductiaydrt Str@dtutd i bide tb SproVidEC eixibfe, ! durisitived ventingesive, eedlitinme,ilow
accordance With this invention is that the use of the film @rg%r Ovﬁe@evm
th

det ect iopst,oreaniiy aveiaatfeadback daicefpavgasre: any@ssoss AGCE

enbodi s invention, a nethod of formng a film having a pol yner
and na:%}%(?reﬁreﬁ%% s perforrred in the foll ow ng manner. A pol yner and
ungpdered nanomaterials are mxed to forma mxture. The mxture is then
dried in a process that will formpores within the film In sone

embodi ments of this inventiongymiifarPeeMdtition i s carbon nanotubes. In
sone of these enbodi nents, the carbon 25 nanotubes are nmulti-walled carbon
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film is improved. A third advantage of a film in accordance with this invention is that

the use of the film improves detection or measurement at a lower pressure range.

20 In accordance with embodiments of this inve,ntior'l,.a method of forming a film having
a polymer and nanomaterials is performed in the following manner. A polymer and
unordered nanomaterials are mixed to form a mixture. The mixture is then dried in a
process that will form pores within the film. In some embodiments of this invention, .
the nanomaterial is carbon nanotubes. In some of these embodiments, the carbon

25  nanotubes are multi-walled carbon nanotubes. In others of these embodiments, the
carbon nanotubes are single-walled carbon nanotubes. Other examples of
nanomaterials that may be used include, but are not limited to, nanowires. In yet
other embodiments of this invention, the polymer is electrically insulating and the
nanomaterial is electrically conducting. ‘

30
In accordance with one of the embodiments of this invention, the mixture of polymer
and nanomaterials further includes isopropyl alcohol. The isopropyl alcohol in the

film is evaporated to form pores. - These pores separate the carbon nanotubes in the
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I nvention, the drying process is aided by heating the filmfor a

pr edet er mvoediizeemt time at a predeterm ned tenperat ur @CTISG26001080458
particul ar enbodi nents, the filmnmay Be heated for between about 20 m nutes
to about 600 m nutes and/ or at a tenperature range of about 25 degrees
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uni f or @Lgfstéiﬂfény?of d"éd]Fbé§ GAIgias. 17%8l etdrnembdiméatsirt sicedrdbhee pathethis n t he
filmis between to /5 percent by volune. 20 In sonme enbodi nents of this
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I nvgnt i@opfaEnds SEbsmtailpn1tdie. f ol | owi ng Detailed Description and are shown

in the followng drawings: Figure 1 illustrating cross sectional side view

of an enbodinent of a filmin accordance with this invention without a
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the range of 100 nanometers to 1000 micrometers. In some other embodiments of

this invention, the film is 0.5 mm thick.

15
In some embodiments of this invention, the pores are each substantially 100
nanor;1eters to 500 micrometers in size. The pores may be uniform or non-uniform in
sizes. Typically, the density of the pores in the film is between 5 to 75 percent by
volume.

20 '

In some embodiments of this invention, characteristics of the film changes

significantly in a pressure range of substantially 0.5 kPa to 100 kPa.

Description of drawings

25 The above and other features and advantages of a film in accordance with this
invention are described in the following Detailed Description and are shown in the

following drawings:
Figure 1 illustrating cross sectional side view of an embodiment of a film in

accordance with this invention without a force applied;

30 . Figure 2 illustrating a magnified cross section side view of the embodiment

shown in Figure 1;
Figure 3 illustrating a cross sectional side view of the embodiment shown in

figure 1 being deformed due to a force applied to the film;



Figure 3 illustrating a cross sectional side view of the enbodi nent shown
in figure 1 being defornmed due to a force applied to the film WO

2011/ 06592 0RCTI/6&2009/ 000458 4 Figure 4 il ustrat iPog/S&20m@ni4ss ed
cross section side view of the enbodi #'ent shown in Figure 3; Figure 5
illustrating flowhart of an enbodi nent of a process for fabricating a film
I n accordance with this invention; and 5Figure 6 illustrating experinental
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this inventio corrpar or art sensor. Detalled Description Thi s
i nvent i shiiowreinaftigarg 8; a film made of a polymer and nanomaterials. Mre
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Componct ok Sneered B8t ot (38 FilRoRTRRP IR to aitioreeasty. 7 12

nuneral in the different figures. Figure 1 shows pressure sensor 100
including film120 that is an exenplary enbodi ment of this invention. No

force is applied to pressure sppggf dlﬂPscF }ighl120 20 is nmade of an
electrically insulating poI ymer w teh ect I cally conducting carbon

nanot u 122. O her X2 t h [ e,
bat _ar of st MERIYbAPESeE BBl M) Bt 5 b8 ey Bho THcRTaeRaR, | WoHS
| nsyy at pagcwaty, s llmd@mbhdrdm@bwbSthédbﬂﬂattélPla“f/E‘pjoreHomﬂherf;lmonStltl kinbteed i n
the art will recognjze that any other nanomaterials %H Wg% gl 3#‘
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this i i t B ShelAtieus
t ubul aré{sg%dtgps?r{&“}n&on an %&ﬁaveqﬁlbgﬁ@f el-; Grlfe:%mSgﬂ\?geiW nangmatelrs I;;md
| engt hsembodiiment ofw priebbineetraestiucer in accordance with this invention, and Figure 6
illustrates the results in terms of sensitivity of such an embodiment. For clarity, a
15 component shown in more than one figure has been given the same reference

numeral in the different figures.

Figure 1 shows pressure sensor 100 including film 120 that is an exemplary
embodiment of this invention. No force is applied to pressure sensor 100. Film 120
20 is made of an electrically insulating polymer With electrically conducting carbon
nanotubes 122. Other examples of nanomaterials that may be used include, but are
not limited to, nanowires. One example of an electrically insulating polymer is
polydimethylsiloxane (PDMS). However, one skilled in the art will recognize that any
other nanomaterials and any other electrically insulating polymer can also be used

25  without departing from this invention.

In the described embodiment, carbon nanotubes 122 are tubular forms of carbon
and can have diameters from a few nanometers and lengths up to a few millimetres.
The length-to-diameter ratios of carbon nanotubes 122 can be as large as
30  28,000,000:1 and are a hundred times stronger than steel at one-sixth of its weight.
Carbon nanotubes 122 may be any one of many different forms, including, but not

limited to, single-wall carbon nanotubes and multi-wall carbon nanotubes.



The I ength-to-dianeter ratios of carbon nanotubes 122 can be as | arge as 30
28, 000,000:1 and are a hundred tinmes stronger than steel at one-sixth of
its wei ghWO 20/ nanot ubes 122 may be any one of many PETSGEPERAP04SHr s,
including, but not limted to, singledwall carbon nanotubes and nulti-wal
car bon nanotubes. WD 2011/ 065921PCT/ SG2009/ 000458 5 An inset view 130 of
the film 120 shows carbon nanotubes 122 di spersed throughout the filmin a
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specification.

Contacts 105 and 110 are in contact with film 120. These contacts can be made of
25 metal, although any material that conducts electricity can be used. Sputtering is
often used to lay these contacts on a film or surface. Other deposition techniques
can also be used to lay metals or other electrically conducting materials on the film.

These can be combined with masking of the film to achieve ideal shapes on the film.

30 Ammeter 140 is representative of circuitry in pressure sensor 100 that measures the
amount of current fiowing through pressure sensor 100. The exact configuration of
the circuitry is not fmportant in accordance with this invention and is omitted for
brevity. Since no force is being applied to pressure sensor 100, ammeter 140

records a low current due to film 120 having a high resistance.



type of force including a force resulting from pressure, physical inpact,

or any other action. As force 350 is applied, film 120 deforns. Inside film
120, por esolBW/@mse15 conpacted by the force. The conpac®PCosGaboporsss 121
allows film120 to be nore flexible afd deformnore, relative to a film

W t hout pores. Furthernore, as pores 121 are conpacted, spacing between
carbon nanot ubes 122 decreases and, in turn, increases the conductivity of
carbon nanotubes 122 and decreases the resistivity of film120. 10 Figure 4
shows an inset view of 230 which highlights the deformati-on of the pores
121. SeFiyuae cshidvemfilnar 20 wEseforde 35a 1% aphlirth ta filne d20adtorae 390gnal bs: ARy .
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of film2120 into flexible mats to sense pressure distributjon across the
feet of ingrersesohereandyslivithebegréps nanetuhsse 1241569 draieases "\erﬁef%“’ﬁrwtfm S0
be usedfi 19gNnsors to transduce pressure to electrical signals to control

systens. e skilled in the art will recognize that the uses of film 120 25
desgg i bed herein are neant to be illustrative purposes and film 120 may be
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I nventi on. ocess begins in step y mxing in carbon nanotubes 122
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The film in accordance with this invention can be used as a pressure sensing
devices. The film can also be used in a number of applications where there is a
need to detect pressure or forces. Such applications may be applied in products,
20  including, but not limited to, biomedical products and automation systems. One such
application is the incorporation of film 120 into flexible mats to sense pressure
distribution across the feet of a person for gait analysis. In some embodiments, film
120 may also be used as sensors to transduce pressure to electrical signals to
control systems. One skilled in the art will recognize that the uses of film 120
25 described herein are meant to be iIIu.strative purposes and film 120 may be used in a

variety of applications that require a pressure sensor without departing from this

invention.

Figure 5 shows an exemplary process 500 for fabricating film 120 in accordance wifch
30 ohe embodiment of this invention. Process begins in step 502 by mixing in carbon
nanotubes 122 into the polymer to form a mixture. The mixing can be done via
manual stirring, magnetic stirring as well as ultrasonic agitation. The carbon
nanotubes are commercially available carbon nanotubes. Film 120 is formed by a

variety of coating processes such as spin coating, dip coating and screen printing in



WO 2011/ 0659217PCT/ SG2009/ 000458 step 503. Typically, film120 is of a

uni form thickness in the range of 100 nanoneters to 1000 m croneters. For
exanpl e, wWolmi@s2is proximately 0.5mm in one preferredpPemscdiomene4ss S After
step 503, film 120 undergoes drying, which can be aided by an oven in step
504. In one enbodinment, film 120 is heated by an oven for between about 20
m nutes to about 600 m nutes at a tenperature range of approximately 25
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i s nanovilliresogyseiatrparas d 24ceey dieh gnime O&INPRIUNTRIEY 1) ﬂZ%Sa?adB Py HECLi s
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of pores 121 in film 120 is between preferably, approximately 5 to approximately 75
percent by volume. The characteristics of film 120 changes significantly in pressure

20 range of substantially 0.5 kPa to 100 kPa.

The contacts are then added to form the pressure transducer in accordance to

normal processes for adding such contacts in step 505.

25 The above is a description of one embodiment of a transducer in accordance with
this invention. It is envisioned that thosé skilled in the art can and will design
alternative embodiment of this invention that infringe on this invention as set forth in

the followings claims.



I nsul ating. 15 4. The nethod according to claim1, wherein said nanomateri al
I s carbonyoaoptosees. 5. The nethod accordi ng to cl ai m $crwigge®ionosssi d
carbon nanotubes are electrically congucting. 20 6. The method according
to claimb5, wherein. said carbon nanotubes are nmulti-walled carbon

nanot ubes. 7. The nethod according to claim5, wherein said carbon

nanot ubes are single- 25 walled carbon nanotubes. 8The nethod according to
cl ai m 5 Whilds &1aiM&4ii% car bon nanot ubes contain a mixture of si ngl e-wal | ed
and nmulti-walled carbon nanotubes. 30 9The nethod of claimb5 wherein said
pores separate said nanotubes in said film WO

2011/ 069921 PATMeGRADGH f000IMgS Bim, comprisinghe net hod according to clai m 10,

wherein said step_of .form ng, said res_c | Ses. eV i |
i sopropyl al cohol TS "P'%Wr?t'f}cﬁ‘gﬂﬂ ?aﬁg&k‘(??e%?d E %ﬂﬂ%g& %gﬁ ?rgﬁ%
accogding to cl ai myh@mandigdiei n said filmhas a uniformthickness

forming a film using said mixture;
drying said film; and
forming a plurality of pores within said film.

10 2. The method according to claim 1, wherein said nanomaterial is nanowires.

3. The method according to claim 1, wherein said polymer is electrically
insulating.

15 4. The method according to claim 1, wherein said nanomaterial is carbon
nanotubes.
5. The method according to claim 4, wherein said carbon nanotubes are

electrically conducting.

20
6. The method according to claim 5, wherein.said carbon nanotubes are multi-

walled carbon nanotubes.

7. The method according to claim 5, wherein said carbon nanotubes are single-

25 walled carbon nanotubes.

8 The method according to claim 5, wherein said carbon nanotubes contain a

mixture of single-walled and multi-walled carbon nanotubes.

3 9 The method of claim 5 wherein said pores separate said nanotubes in said

film.

10. The method according to claim 5, wherein said mixture includes isopropyl

alcohol.



in the range of 100 nanoneters to 1000 m croneters. 13. The net hod
according to claim 12, wherein said filmis 0.5 mmthick. 14. The

met hod acwordimgs®2e claim 12, wherein said step of dryi RgTS&2e)9f000458
conprises: heating said filmfor a predeterm ned anount tine at a
predeterm ned tenperature. 15 15. The nethod according to claim 14, wherein
said step of heating conprises: heating said filmfor between about 20 to
about 600 m nut es. 16. The method according to claim 14, wherein said
step of heating conprises: 20heating said filmfor 120 mnutes. 17. The
met hod 4aiccorThen gndthod laeicondly tovoien M0 swhdrein spichstepeat forgirgisaid ppras
conpri ses: heating said filmat a tenperature between the range
of aboOMBiISES$: about 90 25 degrees Cel sius. 18. The method- according to
claim 14, wh orfedlid perexai d filmat a
tenperature %g’gsﬂﬁgf}%%?ﬁdﬁﬁ}'%géﬂhﬁgg?‘ggg%%emogﬁ?sr 30%%“9 ?he met hod accordi ng
to &l aim 14, V\/nerei n said step of heatl ng conprises: heating said film

noat | nlZar ote (iRt aoa e, LRl 10 SMERRDHT T Jst B foickness o

subst an itpd 'ré(ng"e &t 100 nanometers to 1000 micrometers.

13.  The method according to claim 12, wherein said film is 0.5 mm thick.
10
14. The method according to claim 12, wherein said step of drying said film
comprises:
heating said film for a predetermined amount time at a predetermined

temperature.
15
15.  The method according to claim 14, wherein said step of heating comprises:
heating said film for between about 20 to about 600 minutes.
16.  The method according to claim 14, wherein said step of heating comprises:
20 " heating said film for 120 minutes. |

17. The method according to claim 14, wherein said step of heating said film
comprises:
heating said film at a temperature between the range of about 25 to about 90

25 degrees Celsius.

18.  The method according to claim 14, wherein said step of heating comprises:

heating said film at a temperature of substantially 60 degrees Celsius.

30 19. The method according to claim 14, wherein said step of heating comprises:

" heating said film under a specified pressure.

20. The method according to claim 14, wherein said step of heating comprises:



21. The nmethod according to claim14, wherein said pores have sizes which 5
range from substantially 100 nanoneters to 500 m croneters 22. The

met hod acwordimmgs€2o0 cl ai m 21, wherein said pores have uRCTSGIV®IAEGSS

23. The nmethod according to claim21,10wherein said pores have a range of
sizes. 10 24. The nethod according to claim?21, wherein a density of said
pores in said filmis between 5 to 75 percent by vol une. 25. The

met hod accorlg%}g.lgag?@l f}f.rr]\mlﬁﬂjer \@g)?e?él%rg hﬁréa%ﬁé% %F&rﬁs?%st%@'géﬁ f blotm1fe

changes si gni pressur e range of su antia Pa to 100

kPa. substéntigymeathed of manufacturing a transducer conprising: formng a
filmconprising: formng a mxture of a polynmer with
unordered carbon 20nanomaterial; formng a filmusing said m xture; drying

said fism af flﬂﬁfﬂoﬁga%ﬁrﬁﬁ’@"‘d Ridims 349 wiHerdih 3&id 2gorbBenans ipsbsaaadtdi ng
to claim26, further conprising sputtering contacts onto said film 28.The
et od rangerfoim gubstackiallyrl @7 panbrmetsra to BO0dvIGraBeersir e nade of netal . 30
29. A fil mtransducer conprising: a filmof a polyner with a plurality of
unordered nanomaterial; pores within said filmfornmed between said

pluralisy of TR@hRAodaBesdRRFto clai 29 14hORR? 84iBEUIESRA0O LOFOHR Bizes.

23. The method according to claim 21, wherein said pores have a range of sizes.

10
24. The method according to claim 21, wherein a density of said pores in said film

is between 5 to 75 percent by volume.

25. The method according to claim 21, wherein characteristics of said film

15 changes significantly in pressure range of substantially 0.5 kPa to 100 kPa.

26. A method of manufacturing a transducer comprising:
forming a film comprising:
| forming a mixture of a polymer with unordered carbon
20 nanomaterial;
forming a film using said mixture;
drying said film; and
forming pores within said film.

25 27. The method according to claim 26, further comprising sputtering contacts onto

said film.
28. The method according to claim 27, wherein the contacts are made of metal.

30 29. A film transducer comprising:
| a film of a polymer with a plurality of unordered nanomaterial;
pores within said film formed between said plurality of carbon

nanotubes.



11 30. The filmaccording to claim?29, wherein said nanomaterial is

nanowi res. 31. The filmaccording to claim?29, wherein said polyner is

el ectri cavbyoimmssd2ati ng. 5 32. The fil maccordi ng to cl aPeTR82008060488 n sai d
nanomaterial is carbon nanotubes. 33.The filmaccording to claim 32,

wherein said carbon nanotubes are electrically conducting. 10 34. The film
according to claim 32, wherein said carbon nanotubes are multi-walled

car bon g@not #Re%iim accordi®y tol@8int 2b ”\)vﬁéFéPrﬁ dhiihdrdnsatdHat idhandlviresi n said
carbon nanot ubes are single-15 walled carbon nanotubes. 36The film

according to claim 32, wherein said carbon nanotubes contain a m xture of

single-yalle aﬁ_gmjlti-.wa | ed. cgrbon nanotubes. 20. 37- Th j | claim
32" wheraim 0@ e ebidiible. faint 2b RBeRiE RatRlimBLls Mol Pltngg. e
filmaccording to claim?29, wherein said filmhas a uniformthickness in
t he range of__approxi mately 100 nanoneters to_approxi matel éé_loo,o
ni crionedér s. The. filtheaggardingc dor elpiy 28, wherginsgsaighepRematatial s 1Garban
substanﬁéﬁdtkgeg. 5 mmthick. 40. The filmaccording to claim?29, wherein
sai d pores have sizes which range from approxi mately 100 nanoneters to
approximately 500 mcroneters 41. The filmaccording to claim40, wherein
id i f ' :
sal po&gs vg fitmlacggrrgiﬁd izoeglaim 32, wherein said carbon nanotubes are electrically
conducting.
10

34. The film according to claim 32, wherein said carbon nanotubes are multi-

walled carbon nanotubes.

35. The film according to claim 32, wherein said carbon nanotubes are single-

15  walled carbon nanotubes.

36 The film according to claim 32, wherein said carbon nanotubes contain a

mixture of single-walled and multi-walled carbon nanotubes.

20 37  The film of claim 32 wherein said pores separate said carbon nanotubes in

said film.

38. The film according to claim 29, wherein said film has a uniform thickness in

the range of approximately 100 nanometers to approximately 1000 micrometers.

25
39. The film according to claim 38, wherein said film is substantially 0.5 mm thick.
40. The film according to claim 29, wherein said pores have sizes which range
from approximately 100 nanometers to approximately 500 micrometers

30

41. | The film accbrding to claim 40, wherein said pores have uniform sizes.

42.  The film according to claim 40, wherein said pores have a range of sizes.



WO 2011/ 065921PCT/ SG2009/ 000458 12 43. The filmaccording to clai m 40,
wherein a density of said pores in said filmis between approxinmately 5 to
appr oxi mewel2911fissper cent by vol une. 44. The fil m ac®or&$iGag9too04ss ai m 40,
wherein characteristics of said fil mi@hanges 5 significantly in pressure
range of substantially 0.5 kPa to 100 kPa. 45. A filmtransducer of claim
29 conprising: a first contact attached to said film and a second contact
at t achag, t oThaifimfadcdvding to £RimA0, Wheteimastinsity offsaid pores2a s fibnis sai d
pores space said pJuraIit%bof car bon nanotube? aea t to give said filma
first bebvean appipxinrrialysuissarproximatelynio peiceat by QI;B‘HFQ'ed to said film 15
47A filmtransducer of claim46 wherein said pores deformin response to a
force being applied to change said spaci ng of said carbon nanotubes. 48.
The film t r Thediloeacadrdinigaioneiaitny Afheviesrairs eharactemisties fiseid Gim $ARAIES | m

t ransducer_ changes in response t ef.0 td f L. filmtransducer. 20
49.5 Thﬁ‘gﬂifqu‘\nﬂyghEEﬁ?éHFe ‘Eﬁ"gﬁogiSHBﬁggnt'ﬂh\énBé 'ﬁgigq 366?(?% transducer is used
in a novabl e vehicle. 50.The filmtransducer of claim?29, wherein said

pores cause a spacing between 25 portions of said unordered nanomaterials.
45. A film transducer of claim 29 comprising:

a first contact attached to said film; and
a second contact attached to said film.
10 _
46. A film transducer of claim 29 wherein said pores space said plurality of carbon
nanotubes apart to give said film a first resistivity when substantially no force is

applied to said film.

15 47 A film transducer of claim 46 wherein said pores deform in response to a force

being applied to change said spacing of said carbon nanotubes.

48. The film transducer of claim 29, wherein said conductivity of said film
transducer changes in response to deformation of said film transducer.

20
49. The film transducer of claim 29, wherein said film transducer is used in a

movable vehicle.

50. The film transducer of claim 29, wherein said pores cause a spacing between

25 portions of said unordered nanomaterials.



