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(57) Abstract: The invention concerns control circuitry (100) for driving a liquid lens (102) with a required drive voltage (Vourta,
Vouts), the liquid lens comprising first and second immiscible liquids, an interface between the first and second liquids being move-

& able by electrowetting by application of said drive voltage, the control circuitry comprising: signal generating means (148) arranged

o

to generate a pulsed signal comprising pulses, each pulse having a width modulated based on said required drive voltage; a filter
(110) arranged to filter said pulsed signal to generate an analogue control voltage (V.); and drive circuitry (104, 106, 108) arranged

to generate said required drive voltage based on said control voltage.
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DRIVER CONTROL CIRCUITRY FOR LIQUID LENS

FIEID OF THE INVENTION

The present invention relates to a circuit for driving
a ligquid 1lens, and 1in particular to a driving circuit for
driving a liquid lens having liquids moveable by electrowetting.
BACKGROUND OF THE INVENTION

A number of embodiments of variable focus liguid
lenses are described in European patent N°1166157 in the name of
the present applicant. Figure 1 of the present application
corresponds to Figure 12 of that patent. As shown in Figure 1,
an optical lens comprises two insulating transparent plates 1
and 2. Plate 2 comprises a conical or cylindrical recess, with a
side face 4 inclined with respect to the optical axis A of the
device, and which receives a drop of a first liquid 6 which is
an insulating liquid. The remainder of the chamber extending up
to transparent plate 1 is filled with a second liquid 8, which
is conductive. The liquids are immiscible, and have different
refraction indexes but roughly the same density. A transparent
electrode 10 is formed over the outer surface of transparent
plate 2. Another electrode 12 is provided in contact with liquid
8.

Due to the electrowetting effect, it is possible, by
applying a voltage between electrodes 10 and 12, to change the
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curvature of the interface between the first liquid 6 and the
second licquid 8, for example, from an initial concave shape as
shown by line A, to a convex shape as shown by line B. Thus rays
of light passing through the cell perpendicular to the plates 1
and 2 in the region of the drop 6 will be focused more or less
depending on the voltage applied.

A driver circuit is required to generate the voltages
for controlling liquid lenses such as the liquid lens of figure
1. However, when liquid lenses similar to that of Figure 1 are
used in compact devices such as mobile telephones, circuit area
is limited and thus a driver circuit is needed that uses minimal
area, and that meets the other constraints imposed by mobile
telephone applications.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
control circuitry for driving a liquid lens device which at
least partially addresses the above needs.

According to one aspect of the present invention there
is provided Control circuitry for driving a liquid lens with a
required drive voltage, the liquid lens comprising first and
second immiscible liquids, an interface between the first and
second liquids being moveable by electrowetting by application
of said drive voltage, the control circuitry comprising: signal
generating means arranged to generate a pulsed signal comprising
pulses, each pulse having a width modulated based on said
required drive voltage; a filter arranged to filter said pulsed
signal to generate an analogue control voltage; and drive
circuitry arranged to generate said required drive voltage based
on said control voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Figure 1 illustrates schematically an embodiment of a

known variable focus ligquid lens;
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Figure 2 i1illustrates schematically control circuitry
for driving a liguid lens according to one embodiment of the
present invention;

Figure 3 illustrates schematically the DC-DC generator
of Figure 2 according to one embodiment; and

Figure 4 illustrates the H-bridge of Figqure 2
according to one embodiment.

For clarity, throughout the figures, 1like reference
numbers have been used for corresponding features.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS

With reference to Figure 2, control circuitry 100 is
shown for driving a liquid lens 102. Liquid lens 102 comprises
first and second liquids, an interface between the liquids being
moveable by electrowetting by application of a voltage,
preferably an oscillating voltage. The voltage 1is applied
between two electrodes in the lens. The ligquid lens is for
example a liquid lens according to the embodiment of Figure 1
described above.

The control circuitry comprises an integrated circuit
(IC) 104, an inductor 106, a first capacitor 108 and an RC
(resistor capacitor) filter 110. The circuitry is powered by a
DC source V_. which 1is for example the battery of a mobile
phone. A processor block 112 is connected to IC 104 wvia the
filter 110, and 1is for example the baseband processor of a
mobile telephone, or an 1image sensing processor (ISP) provided
in a mobile telephone.

The IC 104 comprises an R-C (resistor capacitor)
oscillator 114 which generates an oscillating voltage on line
116 which is provided to a waveform and frequency generator
block 118. Waveform and frequency generator block 118 processes
the oscillating signal from the R-C oscillator 114 and generates
oscillating signals having a required freguency for output on
lines 120 to a DC-DC generator 122, and on line 124 to an H-
bridge 126.
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DC-DC generator 122 1is connected to the output of
filter 110 and to one node of capacitor 108, and receives a
control voltage V., from the output of filter 110 on line 128,
via input pin 130, and the voltage V_  across capacitor 108 on
line 132, wvia input pin 134. Based on these inputs, DC-DC
generator 122 generates a switch control voltage V., on line 136,
which is connected to the gate terminal of a MOSFET (metal oxide
semiconductor field effect transistor) 138. The first and second
main current terminals of MOSFET 138 are connected to ground and
to a first terminal of inductor 106 wvia input pin 140
respectively.

Input pin 140 is also connected to input pin 134 via a
diode 142. The second terminal of inductor 106 is connected to
the DC source V..

DC source V.. is also connected to a supply and
reference block 144 via input pin 146, this block distributing
power where required to the circuitry on IC 104.

In operation, MOSFET 138 is switched by DC-DC
generator 122 such that current is driven through inductor 106
to capacitor 108 via input pin 140 and diode 142. In particular,
when MOSFET 138 1is switched on, current is driven through
inductor 106 to ground. When MOSFET 138 is switched off, current
continues to flow through inductor 106, and is driven through
diode 142 to charge capacitor 108. Diode 142 prevents capacitor
108 from discharging back through MOSFET 138. In this way a DC
voltage V_ _ 1s generated across capacitor 108 at pin 134 which

can be much higher than V

Lapr LOr example as high as 60 V, and

variable between 0 V and 60 V. This generated voltage V_  1is
provided to H-bridge 126, where is it transformed, based on the
signal from waveform and frequency generator 118, into an
oscillating AC voltage across the electrodes of the liquid lens
102. In particular, two outputs V . and V_ . are provided to the

liguid 1lens, at output pins 147 and 149 respectively, each

alternately being driven by voltage V such that the

de’

oscillating voltage has a peak to peak amplitude of 2V_ .
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The amplitude of the oscillating voltage to the liquid
lens 102 needs to be finely controlled such that the focusing of
the lens can be controlled with sufficient precision. 1In
particular, it is preferable that the wvoltage can be controlled
in steps that are at least as small as 60 mv. To achieve this,
the control voltage V_, on line 128 to DC-DC generator 122 is
provided, and DC-DC generator 122 switches MOSFET 138 based on
this input, to adjust the generated voltage V_ . A feedback path
for vV, 1is provided to DC-DC generator 122 via line 132. The
control wvoltage V_ is for example in the range 0 to 2 V,
corresponding to a generated voltage range of 0 to 60 V. The
control voltage V_  is provided by processor block 112 and filter
110 as will now be described in more detail.

Algorithms are preferably used to determine the
required drive voltage to drive the liquid lens. Such algorithms
can be processed by the baseband processor or ISP of a mobile
phone or similar processing means, as indicated by processor
block 112. Processor block 112 further comprises pulse width
modulation (PWM) generation circuitry 148 that generates a
square wave with pulse widths that are modulated. In particular,
the pulse width of the square wave 1s modulated based on the
required voltage for driving the liquid lens 102, as determined
by the appropriate algorithm.

The PWM signal generated by the PWM generation block
148 is provided to RC filter 110, which comprises a resistor 150
connected between the PWM generation block and input pin 130 of
IC 104, and a capacitor 152 connected between input pin 130 and
ground. The capacitor 152 is for example roughly 100 nF and the
resistor 150 is for example approximately 10 k Ohms. The filter
converts the PWM signal into the DC control voltage V_, such
that based on the modulation of the signal, the DC voltage level
of V_ is precisely controlled.

In order to allow control of the drive voltage V_  with
sufficient precision, the PWM generation circuitry 148

preferably allows the pulse width of the PWM signal to be
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modulated based on at least 8, 10 or 12 bits of data. Assuming a
square wave from the PWM generation circuitry having an
amplitude of 2 V, and 10 bits being used to modulate this square
wave, this would allow the voltage at V_ to be controlled in the
range 0 to 2 V having a step size of approximately 2 mV.
Assuming Vdc can wvary between 0 and 60 V, vV, can thus be
controlled having a step size of approximately 58 mV.

An example of the DC-DC generator 122 of Figure 2 is
shown in more detail in Figure 3. As shown in Figure 3, it
comprises an operation amplifier (Op amp) 300 having two
differential inputs, a first receiving the control voltage V_ on
line 128 and the second connected to line 302, which is
connected to ground via a first resistor 306, and to V_ _ on line
132 via a second resistor 304. The first and second resistors
act as a potential divider dividing the voltage V__ to a suitable
value for comparison with V_, for example dividing V, by thirty
if 2 V of V_, corresponds to 60 V of V . Op amp 300 provides an
output on line 308 to a switch control block 310.

Switch control block 310 also receives the signal on
line 120 generated by the waveform and frequency generator 118,
and adjusts this signal based on the output of Op amp 300 to
provide the switch control signal V., on line 136 to MOSFET 138.

An example of the H-bridge 126 of Figure 2 is shown in
more detail in Figure 4. H-bridge 126 comprises four MOSFETs
400, 402, 404 and 406. First and second MOSFETS 400, 402 are
connected in series via their main current terminals between the
voltage V_ provided at input pin 134 of IC 104, and ground.
Third and fourth MOSFETS 404, 406 are also connected in series
via their main current terminals between the voltage V_  provided
at input pin 134 of IC 104, and ground. Liquid lens 102 is
connected between output pin 147 of IC 104 which is connected to
the node between the third and fourth MOSFETs 404, 406 and
output pin 149 of IC 104 which is connected to the node between
the first and second MOSFETs 400, 402.
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The gate terminals of the first and fourth MOSFETs
400, 406 are connected to line 124 and thus receive the signal
generated by waveform and frequency generator 118, which is
preferably a square wave, for example having a frequency of
approximately 100 Hz. The gate terminals of the second and third
MOSFETs 402, 404 are connected to line 124 wvia an invertor 414.
In this way the MOSFETs are alternatively controlled such that
the first and fourth MOSFETs 400, 406 are switched on whilst the
second and third MOSFETS 402, 404 are switched off, and then the
second and third MOSFETS 402, 404 are switched on whilst the
first and fourth MOSFETs 400, 406 are switched off.

It will be understood that in some embodiments the
output voltage at the output of PWM generation block 148 may
need to be adjusted to give a required voltage range at the
input pin 130 of the integrated circuit. For this, the filter
110 can comprise an additional resistor (not shown in the
figures) connected between the node connected to pin 130, and
ground, in parallel with capacitor 152. The voltage at the input
pin is then reduced, based on the ratio of the resistance of
resistor 150 and that of the additional resistor.

Whilst embodiments of the present invention have been
described above as being incorporated in a mobile telephone,
embodiments of the invention could be incorporated in different
applications, in particular applications in which area is
restricted. This includes mobile devices in general, for example
laptop computers, PDAs (personal digital assistants), web
cameras, barcode readers, endoscope, wireless local area network
devices, or other devices.

Having thus described at 1least one illustrative
embodiment of the invention, various alterations, modifications
and improvements will readily occur to those skilled in the art.
Such alterations, modifications and improvements are intended to
be within the scope of the invention.

For example, while a particular example of drive

circuitry has been described comprising an inductor 106, a diode
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142 and a capacitor 108, it will be apparent to those skilled in
the art that there are numerous alternative substantially
equivalent circuit arrangements that could be used to generate
the voltage Vdc. Such alternatives could include only components
on—chip (on IC 104) or off-chip, or a mixture of on-chip and
off-chip components, as provided in the example of Figure 2.

Similarly, alternative, substantially equivalent
circuits could be used for filter 110, DC-DC generator 122 and
H-bridge 126.

Accordingly, the foregoing description is by way of
example only and is not intended to be limiting. The invention
is limited only as defined in the following claims and the

equivalent thereto.
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CLAIMS

1. Control circuitry (100) for driving a liquid lens

(102) with a required drive voltage (V

e Vde)' the liquid lens

comprising first and second immiscible liquids, an interface
between the first and second liquids being moveable by
electrowetting by application of said drive voltage, the control
circuitry comprising:

signal generating means (148) arranged to generate a
pulsed signal comprising pulses, each pulse having a width
mocdulated based on said required drive wvoltage;

a filter (110) arranged to filter said pulsed signal
to generate an analogue control voltage (V));

and drive circuitry (104, 106, 108) arranged to
generate said required drive voltage based on said control
voltage.

2. The control circuitry of claim 1 further comprising
processing means arranged to determine the wvalue of said
required drive voltage.

3. The control circuitry of claim 1 wherein said
signal generating means (148) generates said pulsed signal based
on at least 8 bits of control data, said control data based on
said required drive voltage.

4, The control circuitry of claim 1 wherein said
required drive voltage is controlled having a step size of 60 mv
or less.

5. The control circuitry of claim 1 wherein said drive
circuitry comprises DC wvoltage generating means (106, 138, 142,
108) for generating a DC voltage (V) of a required level for
generating said required drive voltage.

6. The control circuitry of claim 5 wherein said
required drive voltage is an oscillating voltage and said drive
circuitry comprises an H-bridge arranged to receive said DC
voltage (V) and to generate said required drive voltage.

7. The control circuitry of claim 5 wherein said drive

circuitry comprises comparing means (300, 304, 306) arranged to
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compare said control voltage (V) with said DC voltage (V_ ) and
to control said DC voltage generating means (106, 138, 142, 108)
based on said comparison.

8. The control circuitry of claim 7 wherein said
comparing means (300, 304, 306) comprises a potential divider
(304, 306) for dividing said DC voltage (V) Dbefore it is
compared with said control voltage (V).

9. The control circuitry of claim 1 wherein said
filter is an RC filter (110) comprising at least one capacitor
(152) and at least one resistor (150).

10. A mobile device comprising the control circuitry
(100) of any preceding claim.

11. A camera module comprising:

a ligquid lens (102); and

the control circuitry of any of claims 1 to 9.

12. A device comprising the camera module of claim 11.

13. A method of controlling a liquid lens with a
determined drive voltage comprising:

generating a pulsed signal comprising pulses, each
pulse having a width modulated based on said determined drive
voltage;

filtering said pulsed signal to generate an analogue
control voltage (VJ;

and generating said determined drive voltage based on

said control voltage.



WO 2007/107517 PCT/EP2007/052517

1/3

Fig 1



PCT/EP2007/052517

WO 2007/107517

2/3

73819

911
9Tl VOIVIANED |, ~ 080 st f
f vel | ADNANOTAI | 0-Y )
w1 evl J anv L | | 8wl
9INO0A . WAOAIAYM o 06T | _ _ o
g0arig H \ﬂmo\,._ | | |NowvaaNas
9%1 L w . | Nad
_ |
_ | e 0Tl | AONEIEITT ANV Wu‘ 0s1
V10O ppT
A XIdd0S IVEp dOSSHOOUd
Lyl - =
. MOLVIANAD Zi1
% | oa - 0a
€1 wl
POl ™
el
J vl
op A
_ ]
o Ive,
001 1=




WO 2007/107517 PCT/EP2007/052517

3/3
122
136 i ¥
A Vo
Ve
f310 304 \
SWITCH ‘ 132
CONTROL - 308 7 306
- f) 302
300
Av
120 8.
Fig 3
V4 _ Ve / 126
404
<|l:,-\} 102 ]}T
147 400
\149
Vouta VOUTB
12&\ 402
oo e
o e

Fig 4



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2007/052517

A. CLASSIFICATION OF SUBJECT MATTER
INV. GO02B3/14

According 1o International Patent Glassification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G02B  GO6K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2004/227063 A1l (VIINIKANOJA JARKKO) 1-13
18 November 2004 (2004-11-18)
abstract; figure 9
paragraphs [0009] - [0026], [0074]
A WO 2005/114740 A (UNIVERSITY OF 1-13
CINCINNATI; STECKL, ANDREW, J; HEIKENFELD,
JASON, C) 1 December 2005 (2005-12-01)
page 8, line 24 — page 10, line 25;
figures 4,5
A EP 1 166 157 A (UNIVERSITE JOSEPH FOURIER) 1-13
2 January 2002 (2002-01-02)
cited in the application
the whole document
- / ——

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

document which may throw doubts on priority claim(s) or
which Is cited to establish the publication date of another
citation or other special reason (as specified)

document referring to an oral disclosure, use, exhibition or
other means

document published prior 1o the international filing date but
later than the priority date claimed

B

"ne

e}l

pr

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered 1o
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr]ns, such combination being obvious to a person skilled
in the art.

document member of the same patent family

Y

v

g

Date of the actual completion of the international search

16 April 2007

Date of mailing of the intemational search report

26/04/2007

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340~2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

Authorized officer

Michel, Alain

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2007/052517

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relavant to claim No.

A

WO 2005/073895 A (INTERMEC IP CORP;
MASSIEU, JEAN-LOUIS)

11 August 2005 (2005-08-11)

the whole document

1-13

Form PCT/ISA/210 (continuation of second sheet) (April 2008)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2007/052517
Patent dogument Publication Patent family Publication
cited in search report date member(s) date
US 2004227063 Al 18-11-2004  NONE
WO 2005114740 A 01-12-2005 CA 2567550 Al 01-12-2005
EP 1751802 Al 14-02-2007
EP 1166157 A 02-01-2002 AT 244898 T 15-07-2003
AU 3439200 A 16-10-2000
CA 2368553 Al 05-10-2000
DE 60003797 D1 14-08-2003
DE 60003797 T2 15-04-2004
ES 2202077 T3 01-04-2004
Wo 0058763 Al 05-10-2000
FR 2791439 Al 29-09-2000
JP 2002540464 T 26-11-2002
WO 2005073895 A 11-08-2005 EP 1714231 Al 25-10-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report

