(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 2015/047541 A1l

2 April 2015 (02.04.2015) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
HOIL 41/04 (2006.01) HOIL 41/193 (2006.01) kind of national protection available): AE, AG, AL, AM,
G02B 7/04 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
M I ional Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/US2014/049483 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
CT/US 9 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
1 August 2014 (01.08.2014) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
. ) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
(26) Publication Language: English ?’V’ TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: L
14/037,095 25 September 2013 (25.09.2013) ys (84) Designated States (unless otherwise indicated, for every
’ kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: APPLE INC. [US/US]; 1 Infinite Loop, Cu- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
pertino, California 95014 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventors: GLEASON, Jeffrey N.; 1 Infinite Loop, Mail TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
. . . EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Stop 35-2MP, Cupertino, California 95014 (US). TSAI,
Richard H.; 1 Infinite Loop, Mail Stop 35-2MP, Cuper- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
tino Califor;ﬁa 95014 (US) ’ ’ TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
’ ’ KM, ML, MR, NE, SN, TD, TG).
(74) Agents: SCHELLER, James C. et al.; Blakely Sokoloff Published:

Taylor Zafman LLP, 1279 Oakmead Parkway, Sunnyvale,
California 94085 (US).

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

2015/047541 A1) 000 0T OO0 R0 O 0

(54) Title: DRIVER CIRCUIT FOR ELECTRO-ACTIVE POLYMER DEVICES

V1 partia|<+> i Vzpart|a|

shared

<0

m
>
e
]

EAP 1

FIG. 3A

(57) Abstract: A driver circuit for electro-active polymer (EAP) device has a shared, voltage boost circuit that is coupled to drive a
common terminal of first and second EAP devices to a given voltage. A first voltage boost circuit is coupled to drive a respective ter -
minal of the first EAP device to an opposite polarity voltage, while a second voltage boost circuit is coupled to drive a respective ter-

o minal of the second EAP device to an opposite polarity voltage. Other embodiments are also described and claimed.
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DRIVER CIRCUIT FOR ELECTROG-ACTIVE POLYMER DEVICES

HEE Y An embodirment of the invention relates o electronic oircuits for
driving the electrodes of an electro-active polymer (EATF) device. Other

embodiments are also described.
BACKGROUND

{0003} EAF materials have been used to produce a force, as an electrically
controlied and powered actuator. An EAP device or actuator has a layer of EAF
material {such as a dielectric elastomer) that is sandwiched by a pair of compliant
electrodes. When a sufficient voltage is applied to the complant electrodes, the
input electrical energy is transformed into mechanical work, for example, as an
electromechanical thickness and/or planar strain, Some BEAP devices require
relatively high drive voltages to be applied to their electrodes, for example,
around 5080 volts, albeit at {abrly low currend levels {e.g., around 10 micro amperes
for example). In most applications, the driver circuit for an EAP device is a
voltage boost circuit that produces the high drive voltage from a relatively low
voltage de input source such as, for example, a lithiurn don cell battery., AnEAF

device works in accordance with the following approximate relationship

Sp = Epgy ;3,% {Equation 1)
00031 Whaere f is the thickness of the dielectric elastomer, Y represents the

modulus of elasticity of the elastomer material, &, denotes the permittivity of free

space and &_is the dielectric constant of the elastomer.

0004} Using further approximations, and assuming that a thickness
compression resulis in a corresponding blaxial or planar strain, the EAF device

can also elongate in the planar direction according to the following formua,

1 . . .
Spianar ¥ pms———] {(Equation 2}

\jl* Sré'g'y—t‘z‘
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{60051 In some instances, there may be mulliple EAT devices that need to
be controlled separately, as part of the same, for example, consumer electronics
device. & solution for the driver circuit in such a case is to provide a separate
high voltage driver circuit that is cormected to the electrode pairs of its respechive
EATP device, where each driver is separately controllable and can produce the
“full srale” voltage needed, e.g. upwards of 500 volts, to produce the desired

displacement.
SUMMARY

(0006} The corwventional solution described above for driving separate
EAP devices, namely using separately controllable high voliage driver aireuits
where each driver civcuit can produce the full scale voltage needed by its
associated EAF device, presents a problem in instances where physical space for
housing the driver circuits is Hmited. [t has been also discovered that the size of
such a driver civcudt scales non-linearly with the drive voltage, which may be due
to the nwed to electrically isolate the high voltage nodes of the driver cirouit. Asa
result, the size of, for example, a single 500 volt driver is much larger than two
250 volt drivers that are cormerted to each other in series. Furthermore, it has
also been recogrized that an EAP device works in a non-linear fashion, by in
essence actuating as the square of its drive voltage - see Bquations T and 2
introduced above. Accordingly, this may result in, for example, about seventy-
five percent {75%) of the strain produced by an EAP device oviginating from the
upper fifty percent {50%} of iis drive voltage. See the example displacement vs.
voltage curve for a single high voltage driver circult mentioned below. These
two non-linearities may be unevpectedly combined, within arnembodiment of the
invention, to allow for N EAF devices, where N is greater than or equal to tw, to
be driven by N+1 “lower voltage” drivers, e ones that cannot reach the full scale
voltages of the FAP devices. In one embodiment, a single voltage boost cireuit
{well below full scale drive capability) is shared by all of the N EAY devices. A
further voltage boust cirouit (also much less than full scale drive} is provided fo
drive a respective terminal of each EAF device, to an opposite polarity voltage,

This allows each EAP device to effertively recetve its full scale drive voltage, but
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using overall less physical space for the driver electronic circuitry as a whole, as
compared to the solution above that uses a separate full scale drive voliage

circuit for each EAP device.

(0007} An embodiment of the invention is a driver circuit for two or more
EAF devices. A shared voltage boost cireuit is coupled to drive a comumon
terminal of first and second EAF devices to a particular voltage. Thereisalsoa
first voltage boost circuit that is coupled to drive a respective terminal of the first
EATF device to an opposite polarity voltage. In addition, a second voltage boost
circudt is coupled to drive a respective tevminal of the second EAF device, to an
opposite polarity voltage. Each of the shared voltage boost circuit and the first
arid second voltage boost circuits can be limited to substantially tess than the full
scale drive voltage needed by any one of the BAP devices. The shared voltage
boost circuit can drive the commaon terminal to a fixed voltage while the first and
secord voltage boost circuits are each independently controliable to drive the
respective terminals of the first and second EAP devices to variable, opposite

polarity voltages.

{00081 The above summary does not include an exhaustive list of all
aspects of the present invention. It is contemplated that the invention includes all
systems and roethods that can be practiced from all suitable combinations of the
various aspects summarized above, as well as those disclosed in the Detailed
Drescription below and particudarly pointed out in the claims filed with the
appHeation. Such combinations have particular advantages not specifically

recited in the above summary.
BRIEF DESCRIPTION OF THE DRAWINGS

00608 The embodiments of the invention are illustrated by way of
example and not by way of limitation in the figores of the accompanying
drawings it which like references indicate shivilar elements. It should be noted
that references to "an” or “one” embaodiment of the invention in this disclosure

are not necessarily to the same embodiment, and they mean at {east one.

59
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06181 Fig. 1A depicts an BAP device in its drive voltage off state.

{0611} Fig. 1B depicts an HAF device in s drive voltage on state that

resulis in both thickness and planar stress being produced.

{onzd Fig. 24 is a circuit schematic of dual, full scale drivers for driving a

pair of EAP devices.

{0013] Fig. 28 is a plot of novmalized displacement vs. drive voltage fora

single EAP device.

00144 Fig. 34 is a cirouit schematic of a driver circuit for at least two EAP
devices in which a single boost circuit V. is shared by the two EAP devices and

is connected to a partial scale driver for each device.

{0015] Fig. 3B is a displacement vs. voltage curve for one of the EAP

devices of Fig. 34.

{0018} Fig. 4 is a combined cross-section view and circuit schematic of a

dual EAP actuator in a camera application.
DETAILED DESCRIFTION

{00171 Several embodiments of the invention with reference to the
appended drawings are now explained. Whenever the shapes, relative positions
and other aspects of the parts described in the embodiments are not clearly
defined, the scope of the invention is not limited only to the parts shown, which
are meant merely for the purpose of llustration.  Also, while numerous details
are set forth, it is understood that some embodiments of the invention may be
practiced without these details. In other instances, well-known cirouits,

structures, and techriques have not been shown in detail 50 as not to obsoure the

understanding of this description.

{00181 Fig. 1A depicts an BAP device in its drive voltage off state. The
AP device is generically Hlustrated as a plece of elastomer material, such as a

dielectric elastomer having a thickness t and being sandwiched by a pair of
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cornpliant electrodes on its opposite faces as shown. A drive voltage will be
applied to the comphant electrodes, as depicted in Fig. 1B. This causes an
electromechanical thickness strain 8 _to be preduced as per Equation (1) above, at
least 0 a first order, and also a bi-axial or planar strain 5, to be produced, at
least 1o a first order, in accordance with Equation (2) given above. The BAY
device “shrinks” back to its inactive state once the drive voltage has been turned
off, that is, reduced to a sufficiendly low voltage. Although not showr, the strain
generated by the EAP device may counter a bias or spring force that is either
built into the BAP device or into the actuator. The strain may need tobe
sufficiendly high so as to overcome such a blas or spring force, before the desired
displacement is produced, Fig, 28 {llustrates a displacement vs. voltage curve for
an example BEAF device. In some cases, the full scale drive voltage V,, that
achieves the maximurm useable displacement may be in the several hundred volt

range, and in particular around 300 volts in this example.

(0038 The graph in Fig. 28 plots a normalized displacement variable of an
FAP device vs, the voltage of a single driver that is directly driving the
complimentary electrodes of the BAT device, as depicted in the clecult schematic
of an actuator system in Fig, 24, The latter depicts an actuator system having a
pair of BAP devices, EAPL, EAP2, where each has its respective voltage driver
V1, V2 coupled to drive its respective electrodes, while a commen ground or
return node is shared by the other complimentiary electrodes of the two EAP
devices. The graph shows that as the voltage of driver V1 varies from zero to in
this case V,, ., = 500 voits, the EAP device produces a displacement that is
somewhat non-linear. In addition, a spring pre-tension or bias line is shown, as a
horizontal Hne that represents a pre-bias or pre-tension that may be added, such
that real displacement does net ocour until there is sufficlent voltage that the
displacement curve rises above the pre-tension horizontal Hne, Thus, in this
exampile, there is effectively tittle or no displacement until the drive veltage V1
has reached about 250 volts. Of course, the voltage values given here are just
examples; the concepts here apply as well to other pre-fension settingsand ¥V,

values. Alsg, in some embodimenis, there may be no spring pre-tension,
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although in many instances such a bias is desirable to ensure an automatic return
of the EAP device t a known resting position upon removal of all power from

the actuation system.

{oa20] Referring to Fig, 24, it can be seen that in this particular solution for
how to drive two EAP devices at the same time, a separate voltage boost or
veltage driver cireuit V1, V2 is coupled to the complimentary electrode paivs of
FAPL, EAPZ, respectively. Each of these voltage drivers needs to provide the full

scale drive voltage V of its associated EAP device. In situations where this

full srale
full scale voltage is fairly high, such as around 300 volts, a more physically
compact solution for the driver circuiiry can instead be had, in accordance with

the circuit schematic of Fig. 3A.

a1} In Fig. 34, a shared, voliage boost circuit Vehared is coupled to
drive a common ferminal of the first and second EAP devices BAPL EAPZ toa
given voltage, where the comanon terminal is directly conmected to the so-called
“lower” electrodes of EAPI, EAPZ. The shared voltage boost circuit has a lower
cutput node that is coupled to the conunon terminal of the first and second EAP
devices, and an upper cutput node that is coupled to the lower output nodes of
firat and second voltage boost ircuits VI and V2 . In this example, the
shared voltage is 2 negative voltage that is oblained by boosting from a much
smaller de input voltage source that is refererwed to ground, such as a portable
conswmer electronics device’s battery (not shown). As an example, the possible
range for Vshared is given in the graph of Fig. 38 as between -250 velts and O
volts. Of course, this is just an example as the actual value of V_ (thatis
applied to the common terminal of EAPL, EAPZ) may be different depending
uport the particular application and should be selected inview of V., and the
characteristic displacemnent ve. voltage curve of the particular HAT device, such

as the curve depicted in Fig. 2B,
{0g22] The driver circuit in Fig. 3A has a first voltage boost circut Vi

which is coupled o drive an “upper” terminad or electrode of EAPL, to an

opposite polarity voltage, that is opposite V,, and that provides only a part of

shared”

6
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{or a fraction of) the full scale voltage needed to actuate EAPT to i maximum
useable distance. In addition, a second voltage boost circuit V2 is coupled to
drive an upper terminal or electrode of EAPZ, also to an opposite polanity voltage
that provides only part of the full scale voltage needed to actuate BAFZ to its max
useable distance. In this example, the range of the opposite polarity voltage

V1 OF V2., (or both) is givenin Fig. 38 as between § volts and +250 volts,

“pactial

0031 The voltage limits in the example of Fig, 38 are selected to be about
one-half of the full scale voltage V
Yo = ¥ L

sortial ¥ shared fuil scale,

of a given BAY device, such that when

full scale

combined, V1 thereby allowing the EAP device to reach i

maximum useable displacement. More generally however, the Hmits or

allocations between V1 and V_ need not be at one-half of V1, .. For

parial

. , tvr i -1
instance, V1. while V,_ is limited 10— Vi, .

{scaied

may have a lmit of :;i Vi
such that their “sum” still vields V1, . Note that other suitable fractions of
"{v?

a different full scale voltage than EAPL, such that V2

fuliscale

can be selected for the partial and shared voltages. Also, EAP 2 may have

fullscale

may have a different

partial
limit than V1, yet still be able achieve the sum V2 Vi ™ Yo
{00241 To verify that the drowdt in Fig, 34 will work to achieve the

toaximurn useable displacerment that can be obtained using the single output full
scale driver of Fig. 24, consider the “delta voltage” across the cornplimentary
terminals of, for example, EAPL, in the embodiment of Fig. 34, which is depicted
in the graph of Fig. 3B (the displacement curves in Fig. 3B and Fig. 2B are
identical). It can be seen that to achieve the same displacement as in Fig. I8,

v

shared

~1 4y g . ; +1 o,
may be set 1o =V e while V1, can be varied between dand — V.

volts. This is because V1 and V_, are connected as shown, across the
complimentary terminals or electrodes of EAPL. A similar benefit is obtained
when driving EAT2 at the same time, by recognizing that V2 and ¥V are

directly connected acvoss EAPZ.

100251 In one embodiment, the shared voltage boost clrenit V drives the
common termninal of EAPL EAPZ (their lower electrodes) to a fixed voltage, e.g. -

= full seale’

(Y while the first and second positive voltage boost clroults VL V2

el
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are each independently controllable s0 as to drive the respective upper electrodes
of their FAT devices to variable and opposite polarity voltages, such that the
delta voltage across the electrodes of each EAF device can achieve the desired

‘{vi

full seate”

{62! This selution does not rely upon any single voltage boost circuit

that is 1o produce the entire ¥V In other words, none of the drivers or voltage

full scake”
boost circuits is 1o produce a full scale voltage that i3 needed to drive the
terminals of each of the EAFE, HATF? devices to obtain maximum useable
displacement of each EAP device. This aspect advantageously enables a smaller
cireuit footprint by avoiding high voltage circuitry, even though three voltage
boost circuils are needed (Fig. 34) as compared to Fig. 24, For instance, each of
the veltage boost circuits could be designed to produce no more than three
hundred (300) Volts, where this is insufficlent delta voltage to drive any of the
FAP devices to cause maxinmim useable displacement. To achieve max useable

displacement of EAPL the V_, and V1

shared

e ATIVET OF VOltage boost circuits are
directly connected together 5o that their voltages are combined to reach the full
scale voliage of EAPL, Simdlarly, the V,, and V2 voltage boost crcuits

combine to reach the full scale voltage of EAPL

{0027} Turning now to Fig. 4, this is a combined cross-section view and
circuit schematic of a multiple EAF device actuator for a camera function. The
camera functionality may be infegrated into a battery powered portable
consurner electronics device such as sartphone, a tablet computer, or a laptop
computer, in which physical space comes at a premdum. The figure depicts
camera optics including a lens barred 8 to which ap artificlal muscle stracture 7 18
attached, The artificial muscle 7 has a first BAP device made of an EAF1
electrode and a portion of a common electrode that sandwich a portion of a
dislectric elastomer fayer. In addition, the muscle stracture 7 has a second BEAF
device made of an FAPZ electrode and another portion of the common electrode
that sandwich a further dielectric elastomer layer. The common electrode is

directly driven by a shared voltage driver V_, while the complementary

shared,

electrodes of BAP1 and EAP2 are directly deiven by their respective partial

2]
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voltage drivers Vi and V2. Commections to the electrodes are through a
base frame 3 and a substrate 1 which has an image sensor (not shown) that s in
the optical path of the lens contained in the barrel 8. A spring 4 is provided to
pre-tension part of the actuator, such as the EAPT device, by using the frame 3 to
push against the lens barret 8. The BEAPT device may be coupled to control a first
aspect of the optics such as focusing imaging lens position (position of lens barrel
8 along the camera oplical axis), while the EAPZ device may be coupled to
controf another aspect such as aperture size that controls how much light from
the scene enters the imaging lens. Other carmera lens and oplics arrangements
and pre-fension schemes for use with such a mult-EAP device actuator are of

course possiblie.

{00281 As was described above in connection with for example the
embodiment of Fig. 34, the voltage driver circultry in Fig. 4 also has a shared,
voltage boost circuit that is coupled to apply the same voltage to the lower
slectrodes of the first and second EAP devices, a first voltage boost cirauit V1,
that is coupled to apply an opposite polarity voltage to a respechive upper
electrode of the first FAT device, and a second voltage boost clrenlt V2 that s
coupled o apply an opposite polarity voltage to a respective electrode of the
secondd EAP device. In one embodiment, the first and second voltage boost
circuits are each positive voltage boost clrcuits and are sach directly cormected to
a common ground or zero voltage node, and the shared voltage boost circuitis a
negative voltage boost clroudt (that s also divectly conmected to the comunon
ground or zero voltage node). All of the voltage boost circults may recetve a de
input voltage that has been derived from a rechargeable battery that powers the
portable device {not shownl.

3029} Ancther embodiment of the invention is an automatic process {or
controlling roultiple BEAF devices as follows, A shared voltage s applied toa
lower electrade of a first EAF device and to a lower electrode of a second EAY
device, such that the two electrodes are maintained at the shared voltage. While
deing so, an opposite polarity voltage is applied to an upper electrode of either

the first EAP device or the second EATP device, in order to oblain a desived

w2
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displacement from that EAF device, in accordance with a delta voltage that
combines an absolute value of the shared voltage with an absolute value of the
opposite polarity voltage. To obiain a desired displacement from the other EAP
device, while applying the shared voltage to the lower electrodes of the first and
second EAF devices, a further opposite polarity voltage is applied 1o the other
FAP device. The shared voltage can be a negative voltage, while the oppaosite
polarity voltages apphed to the upper electrodes are positive voltages. The
opposite polarity voltages (that ave applied to the upper electrodes) can be

varied, while maintaining the shared voltage on the lower electrodes fixed,

00301 In one embodiment, the shared voltage applied to the lower
electrodes and the opposite polarity voltages apphed to the upper electrodes are
at least two hundred (200) Volts each in absolute value, as related to ground, and
tagether drive the electrodes of each of the first and second EAP devices to a

delta voltage of more than four hundred fifty {450} Volts.

{00311 While certain embodiments have been described and shown in the
accomparnying drawings, itis to be understond that such embodiments are
merely Hlustrative of and not restrictive on the broad invention, and that the
invention is not limited to the specific constructions and arrangements shown
and described, since various other modifications may ocour to those of ordinary
skill in the art. For example, although the figures depict an actuator having two
EAF devices, the conwept of the shared voltage boost circult is generally
applcable to actuation systerns having N (being two or more} EAF devices using
N+1 voltage boost circuits one of which is a shared voltage boost circuit. The

description is thus to be regarded as illustrative instead of Hmiting.

i
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CLAIMS

What is claimed is:

1 A driver circuit for electro-active polymer (EAP) devices, comprising:

& shared, voltage boost cironit coupled to drive a common terninal of fivst
and second BAP devices to a voltage:

a first voltage boost circuit that is coupled to drive a respective terminal of
the first BAP device to an opposite polarity voltage: and

a second voltage bonst circnit that is coupled to drive a respective terminal

of the second EAP device to an opposite polarity voltage.

2. The driver circuit of claim 1 wherein none of the shared, first and second
voltage boost circuits is to produce a full scale voltage that is needed to drive the
termunals of each of the first and second FAT devices to oblain maxdmum useable

displacemnent of each EAP device.

3. The driver circuit of claim ? wherein each of the shared, first and second

voltage boost circuits is to produce no more than three hundred (300} Voits.

4, The driver circuit of claim 2 wherein the shared and first voltage boost
circuits together can drive the terminals of the first HAP device at the full scale
voltage of the first EAT device, and the shared and second voltage boost circuits
together can drive the terminals of the second EAP device at the full scale voltage

of the second EAP device.

-~

5. The driver cirouit of ¢laim 1 wherein the shared voltage boost circuitis to
drive the comumon terminal to a fixed voltage while the first and second voltage
boost cirouifs are each independently controllable to drive the respective terminals

of the first and second EAP devices to variable, opposite polasity voltages.

&, The driver circuit of claim 1 wherein the shared voltage boost circuit has a
tower subput node coupled to the common terminal of the first and second BAY
devices, and an upper output node that is coupled to lower output nodes of the

first and second voltage boost cirouits.

i
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o

7. The driver cirouit of claim 1 wherein the shared voltage boost circuitis to
drive the comunon terminal to a negative voltage, and the first and second

voltage boost cirouits are to drive the respective terminals to positive voltages.

8. A process for controlling electro-active polymer (EAP) devices, comprising:
applying the same voltage to a lower electrode of a first EAF device and to
a lower electrode of a second EAP device; and
while applying said voltage to the lower electrodes of the frst and second
EAP devicss, applying an opposite polarity voltage to one of a) an upper electrode

of the first EAP device and b) an upper electrode of the second BEAP device.

9. The process of claim 8 further comprising

while applying sald voliage to the lower electrodes of the first and second
EAP devices, applving an opposite polarity voltage o the other one of a) the
upper electrode of the first BAP device and b} the upper electrode of the second

FAY device.

10, The process of claim 9 further comprising varying the opposite polarity
voltages that are appled to the upper electrodes, while maintaining said voltage

or the lower electrodes fixed.

11, The process of claim 9 wherein the voltage applied to the lower electrodes
and the voltages applied to the upper electrodes are at least two hundred (200)
Yolts each in absolute value, as related to ground, and together drive the
clectrodes of sach of the first and second EAF devices to a delta voltage of more

than four hundred fifty (450} Volis.

12, The process of claim 8 wherein the voitage apphed to the lower electrodes
is a negative voltage, and the opposite polarity voltage applied to the upper

electrode is a positive voltage.

13.  The process of claim 9 wherein the voltage apphied to the lower electrodes
is a negative voltage, and the opposite polarity voltage applied to the upper

electrodes is a positive voltage.
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14.  Anelectronic device having a camera function, comprising:
a portable consumer electronics device having integrated therein camera

OphICs,

a first EAP device that is coupled to controf a first aspect of the
camera optics,

a second BAP device that is coupled 1o control a second aspect of
the camera optics,

a shared, voltage boost circuit coupled to apply the same voltage to
lower electrodes of the first and second BEAF devices,

a firat voltage boost cireuit that is coupled to apply an opposiie
polarity voltage o a respective upper electrode of the first EAF device, and

a second voltage boost circuit that is coupled to apply an opposite

polarity voltage to a respective electrode of the second BAP device.

15, The device of claim 14 wherein the first aspect of the camera optics is an

aperture, and the second aspect is focusing lens position.

16.  The device of claim 14 wherein the portable consumer electronics device is

one of a smartphone, a tablet computer, and a laptop computer.

17.  The device of claim 14 wherein the first and second voltage boost circuits
are each positive voltage boost circuits and ave each divectly connected to a
common ground or zero voltage node, and the shared voltage boost clrcuitis a
negative voltage boost circuit that is also directly connected to the common

ground or zeve voltage node.

18.  The device of claim 14 wherein none of the shared, first and second voltage
boost circuits by itself can produce sufficient voltage to drive the electvodes of each

of the first and second EAP devices to cause maximum useable displacement,

19, The device of claim 18 wherein the shared, Hrst and second voliage boost

civenits can each produce no more than three hundred 300 Y olts,

i3
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