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According to one aspect of the invention there is provided a device for producing a spray or
stream of electrically charged particles comprising means defining a location from which said
spray or stream is generated and a voitage generator for producing high voltage between said
location and the surroundings, the generator comprising a iarge array of discrete voitage

20 producing elements interconnected to produce a high voltage.
Preferably the generator is a solid state device comprising hundreds or even thousands of
individual voltage producing elements which may be serially connected so that coilectively they
~ produce a high voltage output. 3
One form of the invention comprises an electrostatic spraying device comprising an outlet
25 from which material to be efectrostatically sprayed can be discharged, the outlet being associated
with said location and the array of elements being intercbnnected to produce a high voltage
sufficient to effect electrostatic spraying of material from the device.

Typically the current output of the generator will be such that the power rating of the
generator is 100 mW or less, more usually 50 mW or less. For example, for a paint spraying

30 device, the voltage may be in excess of 25 kV and the current of the order of 1 microamp (power
rating of 30 mW) whilst for a room fragrance sprayer the voitage may be of the order of 0.5 to
2.0 mW, typically 1.2 mW (eg 100 nA current and 12 kV voltage).

The high voltage generator conveniently comprises an array of photosensitive elements so
arranged as to produce a voltage output of at least 1 kV when irradiated.

35 B Preferabiy the array of photosensitive elements is so arranged as to produce a voltage
output of at least 4 kV, typically at least 5 kV and more preferably upwards of 8 kV.

The generator is conveniently in the form of an electronic solid state device comprising a
large array of photosensitive elements. For instance, the solid state device may comprise a
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conpri si ng ray of photosensitive elenents. For instance, the
solid sttt e dedicelkoinbptoveitain material, such as silicon doped with boron to produce a-pure lattice of
é T/ GB95/ L W&ﬁp% produce a relatively iow voitage output (typically of the order of 0.45 V) when-
ﬁummated depending on the light intensity. and load, but independently of the. surface area.
Current output on the other hand is related to both light intensity and the surface area of the cell. ‘

For the kind of electrostatic spraying applications with which the present invention is primarily

15 concemed, current demand is very low (microamps and even nanoamps) and consequently, by
serially connecting a sufficiently large array of low voitage output photovoitaic elements cohsistent
with the high voltage to be secured (eg several kV and greater), it is feasible to obtain sufficiently
high voltages for electrostatic spraying applications without requiring the large surface areas
usually associated with solar panels. -

20 Typically the spraying device comprises a housing mcludmg a companmem in which the
material to be sprayed can be stored or for reception of a container containing the material, the
material having properties, eg resistivity, suitable for electrostatic spraying.

The spraying device may be suitable for hand heid use or portable, ie suitably sized for
carrying as a self-contained unit using one hand. - :

25 The generator of the present invention may be.embodied in any one of the various forms of
spraying devices disclosed and/or claimed in any one of EP-A-120633, 441501, 468735, 468736,
482814, 486198, 501725, 503766 and 607182, PCT-A-WQ94/13063 and International Patent
Application No. PCT/GB94/01829, the entire disclosures of which are incorporated herein by this
reference. The g’enérator may also be embodied in a particulate material spraying device as

30 disclosed in our copending UK patent application 9419988.2, the entire contents of which are
incorporated herein. — :

The generator of such devices as disciosed in the above-mentloned patent specuﬂcatlons
will be replaced by a generator of the present invention and such spraying d_evlces may be
designed for use in a wide variety of spraying applications such as spraying of paints and related

35 fommlations; spraying of cosmetics, perfumes, deodorants and other personal care and hygiene
formulations, spraying of insecticides and pesticides, and dispensing of medical and

" pseudo-medical formulations such as ocular, oral and nasal formulations and skin treatment
.agents.
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ths When the array is arranged on a section of the device so as to be exposed in use, the array

may be protected from damage by a superimposed layer or cover of material which is at least

25 partially transmissive to the radiation/light.

in another embodiment, the voltage producing elements are constituted by radiation

sensitive elements connected in an array arranged to be irradiated by a radiation source forming
part of the generator and/or the spraying device (as the case may be). The radiation source may
constitute the sole or primary source of radiation for the array or it may serve to supplement

30 ambienf radiation/light. For instance, the radiation source may be a radiation emitting element_
such as a light emitting solid state element (eg é'light emitting diode), a filament (eg light buib)
which emits light when current is passed through the filament or a fluorescent iamp. Switching on
and off of the generator in this instance may be controlled by switching the radiation emitting
element on and off, in which case the swnching device need only be a low voitage switch

35 controlling a high voltage output. Aiternatively switching on and off of the generator may be
effected by means operable to expose and shield the array selectively to/from the radiation
emitting element and such means may be movable by the user between exposure and shielding

positions relative to the array.
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controiled by means of a user controllable actuator. In the case of a spraying device, the actuator
may serve to control the supply of material to the outlet of the devrce and may aiso be coupled
wrth a movaole maskmg element so that, in response to delivery of the material to the spraying
outlet, the array is exposed to produce hlgh voltage for appllcatlon to the material and thereby
deliver a spray of electncally charged material. In a typlcal embodrment the spraying device
compnses a user operable tngger for applymg pressure to electrostatlcally sprayable material
contained in a reservo:r or container (for example in the form of a plston and cylinder type device
or in the form of a compresslble container) to effect deluvery of the matenal to the spraying outlet,
and the tngger is coupled toa maslung element which is moved relatlve to the array
(translatronally or rotatronally) to expose or increase exposure of the array to ambient radiation or
to radiation from an assoclated radiation source. Altematively, the masking element may be
omitted and the radlatlon source may be energised in response to actuation of the trigger whereby
the array is irradiated in the course of operatmg the trigger to dellver the material to the spraymg
outlet. '

If employed, the radiation source may serve a dual purpose, ie the production of light for
irradiation of the photosensmve amray, and for producmg light for illumination of the object/target
to be sprayed In addition, the radiation source may also provnde an mdlcatlon as to whether the
device is operational or not. :

As disclosed in EP-A-468735 and 468736 and PCT-A-W094I1 3083, it is desirable in some
applicatlons to provude a blpolar high voltage output, for example for the purposes of shock
suppressnon andlor to allow the spraying of electrically msulatung materiais such as plastics,
human hair etc, wmch are otherwnse dlfficult to spray The generator of devices in accordance with
the present mvenuon may, for such applrcatlons be arranged to provide a bipoiar outptit, eg with
an output frequency as drsclosed in EP-A-468735 and 468738. For example, the high voitage
output of the generator may be electronically swntched at a desired frequency (which may be
user-controlled) by means of electncal clrcuntry associated with the generator to produce blpolar
output, eg usrng high voltage swntchlng an'angements as disclosed in PCT-A-WQ94/13063.
Alternatively a generator in accordance wrth the invention may compnse two arrays of
photosensitive elemems the arrays berng conﬂgured to produce respectlve posltlve and negatlve
high voitage outputs and control means being provided to irradiate the arrays alternately (either by

ener at OI’ or

a
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emtting may be connected to two terminals and arranged to produce streams of oppositely charged ions or
. there may be two arrays connected to respective terminals and arranged so that one terminal
25 produces postively charged ions while the other produces negatively charged ions.
The invention will now be described by way of example with reference to the accompanying
drawings, in which:
Figure 1 is a schematic view of an electrostatic air freshener or purifiying device,;
Figure 2' is a schematic view of a self-contained hand-heid spraying device for use in, for
30 example, spraying personal care and hygiene products such as perfumes, deodorants etc;
Figure 3 is a schematic view showing a voltage generator comprising an array of voltage
producing devices connected in series; _
Figure 4 is a similar view to that of Figure 3 but showing a different switching arrangement;
Figure 5 is a diagrammatic view of part of an array of voltage producing elements illustrating one
35 method of fabrication; |
Figure 6 is a view similar to that of Figure 5 showing one configuration of the array in which the
voitage output of the array is maximised;
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sprayi nf% dgea\:/nleﬁ %y remova?&tcu\%r% so that a cartridge 16 containing the liquid to be sprayed can be
inserted into the compartment. The liquid is one suitable for electrostatic spraying and is selecizd
to have the characteristics appropriate for the intended use of the device, ie. in this case, the |
' liquid will have aromatic and/or air purifying properties. The cartridge 16 is received within a ‘
companment defined by side v}'all's 17 and bottom wall 19. A cgpillary structure 22 which may be
15 in the form of a tube (but may altematively bea wicking material such as a foam material as
disclosed in interational Patent Application No. WO83/06937 or a fibrous or plastics material as
dnsciosed in EP-A-120633) is mounted within the cartridge so as to be generally vertical (le.
generally perpenducular to the horizontal bottom wall 18 of the carmdge) and its lower end is
located close to the bottom wall 18 to allow liquid supply to the tube 22 to be maintained as the
20 liquid level approaches the bottom wall 18. The upper end of the capillary tube 22 projects through
acap24 of the canndge and through an aperture 25 in the cover 15.
The cartndge 16is adapted to provide for the connection of the liquid therein to the high
voltage output of a high voltage generator 28. The connection may be achieved in various ways
| as d|s¢ﬁssed in EP-A-486198; 'in the illustrated embodiment, the cartridge is formed from an
25 electrically msuiatmg matenal such as nylon and is provided with an electrical contact 30. The
contact 30 is located so that, when the cartndge is correctly inserted into the compartment
bounded by walls 17, the contact 30 regtsters with a terminal 32 connected to the high voitage
output of the generator 28. g
The voltage generator 28 is a solid state device comprising a large array of discrete voitage
30 producmg elements, eg photovoltauc elements, which are serially connected to produce a high
voltage output in response to irradiation by light or other eiectromagnetlc radiation such as
infra-red. In'adlatlon is provuded by a radiation producing device such as a light emitting diode
(LED) 40 forming part of a low voltage circuit mcludmg user operable switch 44 and low voitage
source 41, eg one or more low voltage batteries (which may be rechargeable). The low voitage
35 cnrcult and the generator 28 have connections to earth through the bottom wall 12 of the housing.
| Closing and opening of the switch 44 is effective to energise and de-energise the LED 40 thereby
controlling irradiation of the photovoitaic elements of the generator.28. Thus, closure of the switch
serves to irradiate thé generator and produce a fow current, high voitage output, typically of the
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for example by passive feed where the nozzle is in the form of wicking material as disciosed for

25 instance in EP-A-120633 or EP-A-807182 from a supply of liquid accommodated within the main
unit. The unit 70 is provided with a removable cap 73. High voltage, eg 8 kV or more is applied to
the liquid in operation in response to depression of a pushbutton 74 thereby causing the liquid to
be delivered as a spray in the manner disclosed in EP-A-120833 or EP-A-807182. The high
voltage is generated by a soiid state high voltage generator comprising an array 78 of discrete

30 voltage producing elements, such as photovoltaic elements, the array being mounted on a surface
of the unit 70 which is shielded from ambient light until the cap 73 is removed. Removal of the
cap 73 serves to expose the array 78 to ambient light thereby generating, without the need for a
power supply, high voitage for application to the liquid as it emerges at or prior to emerging at the
tip of the nozzle. The spraying operation may be initiated by depression of the pushbutton which

35 serves to complete a circuit allowing application of the high voitage to the liquid. Altematively, it is
conceivable that the pushbutton switch could be eliminated altogether, in which event spraying
may be initiated directly as'a resuit of removing the cap to expose the array 78. Spraying can then
be terminated by replacing the cap 73 to conceal the array 78 from ambient light.
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t he case of I on.stream cl ng VI ce
collectively, they produce a high voltage output across termmals 102 104. In this embodiment, a -

switching element 106 controls the high voltage output The switching element may for example
comprise a high voltage light sensitive diode as described in Intemational Patent Application No. ‘
WO 94/13063. In this event, the switching element 106 may be controlied by

15 energtsatronlde-energrsatron of a radiation soiirce such as a light emitting diode 108 encapsulated
with the high voitage diode 108 in the manner disclosed in Intémational Patent Application No.
WO 94/13063. The radiation source forms part of a low voltage circuit including battery 110 and
user-actuable swrtch 112, :

Thus, for example where the voltage producrng elements 100 comprise photovoltaic cells

20 arranged to be exposed to ambient light, if necessary the switching diode 106 may. be screened
from ambient light (or other source of light used to irradiate the array) so that the diode 108 is only
affected by radiation emitte__d by the source 108. The array may be continuously exposed to
ambient light or a cover or other shielding arrangement may be provided so that the array is only
exposed on removal or dtsplacement of the cover or shield. in erther event, the high voltage is

25 only applied to the terrmnal when switching elément 106 is rendered conducting by operation of
the user-operable switch 112 In a modification, the high voltage switching element 108 may be
constituted by another form of electronic switching device such as a field effect transistor.
Although the swrtchrng element 106 is shown connected between the array and the high voltage
output terminat 102, it may mstead be oonnected between the array and the low voitage terminal

30 104. Also whilst one swrtchrng element is shown, there may be more than one arranged in series
and arranged to be rendered conductlve substantially srmultaneously, eg. by radiation from a
common light source.

Figure 4 illustrates a modification in which the array is drvrded into sub-sets 118 of the

voltage producmg elements 100 with each sub-set having an associated switching element 120 all

35 of which are arranged to be rendered conductlve substantlally srmultaneously Each sub-set 118 is

| ‘series connected to the next through the switching elements 120. Thus in effect each switching
element 120 serves to switch in or switch out & fractlon of the total voitage. For instance, each
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the array is nmax
5 15 sothatall or only certain combinations of sub-sets are brought into operation according to the

nature of the spraying operation to be carried out. The selection can be under the control of the
user (e.g. by means of a suitably positioned controller on the device) where for instance the user
may need to have control over the distance between the device and a target before spraying can
commence. Altemnatively the selection may be preset so that a common design of voltage

20 generator can be used in devices intended for different applications requiring different output |
voitages. For instance, as illustrated in Figure 4 other switching elements 120 may be connected
between the array and output terminals such as 102A ... etc. In this way, if for example the
element 120 associated with the terminal 102 is not irradiated or otherwise switched into its
conductive state, a lower voitage may be tapped from the array via terminal 102A etc.

25 As indicated above, different applications will tend to require voltage generators having
different output voltages. For ease and economy of manufacture, the array of voitage producing
elements or cells may be initially fabricated according to a common design and then customised
according to the output voitage and current characteristics required. Thus for example, as shown
in Figure 5, the array is initially fabricated on a substrate with m rows and n columns of voitage

30 producing elements 100 with conductive tracks 150R and 150C linking each element with its
immediate row-wise and column-wise neighbours. In Figure 5, the elements at the right and left
hand sides form the end columns of the array. Before the array of Figure 5 can be used, it then
has to be suitably configured by eliminating certain of the conductive tracks 150R and/or 150C.
Removal can be effected by any suitable technigue such as etching and may be effected in one

35 step by use of a mask protecting those conductive tracks which are to be left intact. The array will
aiso be provided with output terminals such as terminals 102, 104 shown in Figure 3 either during
initial fabrication or subsequently. -
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contribute to th output vo age obtamed from the array. Also mstead of intially fabricating the
array with all of the elements 100 electrically connected with their neighbours as shown in Figure
5, in an altemative fabrication method, the array may be initially produced with ali of the elements
20 100 isolated from each other and the désired configuration of series or series/parallel connections
may be applied subsequently by deposition or oiherwise applying conductive links to the substrate
at locations between those elements 100 which are to be connected in series and/or parallel.
In the embodiments described above, the voitage generator produces a unipolar output. As
discussed earlier, it may.be desirabie in some circumstances to provide a bipolar output - e.g. for
25 reasons of shock suppression and/or for sprayiog targets of an insulating nature as disclos_ed in
EP-A-468735 and 468736.
Figure 8 illustrates one form of bipolar high voltage generator in accordance with the
invention. The generator comprises iwo arvays 300A and 300B of voltage producing elements,
such as photovoltaic cells, so aranged that array 3008 produces a positive high voitage on line
30 302 while array 300B produces a negative high voltage on line 304. These voltages are coupled to
an output terminal 306 of the generator by respective high voltage switches.308A, 308B. These
switches ma'y' be of any suitable form, such as those previously described, but for the sake of
ilustration they are shown as being radiation res_'ponsive with each switch having an associated
radiation source 310A and 310B such as a light emitting diode. Each source 310A, B is controlled
35 Dby controller 312 so that they operate to open and close the switches 308A, B in alternating
fashion thereby alternately coupling the positive and negative high voitage outputs of the arrays
300A, B to the output terminal 306.The frequency_of the altemmating voltage produced at terminal
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generator 28 have connections to earth through the bottomwall 12 of the
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where the zl'e'1s of wcking material as disclosed for 2
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9. A device or generator as claimed in Claim 8 including means for selectively exposing and
shielding the array to/from ambient radiation.
10. Adeviceor generatdr as claimed in Claim 9 in which said means is in the form of a
25 radiation shielding device rhovable between positions in which it conceals or exposes the array to

the surroundings.

11. A device or generator as claimed in Claim 10 in which the shielding device comprises a
removabie cover which, when mounted on or attached to the device or generator, prevents
iradiation of the array, and allows irradiation when removed, the switching action thereby being

30 effected by removal and replacement of the cover.
12. Adeviceor generatbr as claimed in Claim 10 or 11 in which the shield/cover is adjustable
to vary the extent of exposure' of the array to ambient radiation.
13. A device or generator as claimed in Claim 6 or 7 in which the array is arranged to be
irradiated by a radiation source forming part of the device or generator.

35 14. A device or generator as claimed in any one Claims 8 to 13 in which exposure of the array

is controiled by means of a user controllable actuator.
15. A device or generator as claimed in Claim 14 in which the actuator is operable to control

the supply of material to the outlet of the device.
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PCT/ GB95/ 0221619- A device or generatprps.claimer inClaim 18 ip whichthe switching plegients arggadiation

renoval of foherespopsividaridimeans &hravided fbrarraiatiag thé Switdhesto render thefh dpesabledo

rot at ably noun 70 and may be provided with an opening or

w ndow lt't(“?'r%f“?on 'ggf)‘#’ggﬁ?ﬁ ate rotation of the cap, is brought into

regi stry wth 20he Aumethpd predusing g\high voltage generator comprising fabricating a solid state array of

voltage producing elements in a matrix comprising m rows and n columns with conducting paths.
electrically linking each element in each row to its row-wise and column-wise neighbours and

15 thereafter removing selected conducting paths.
21. A method of producing a high voltage generator comprising fabricating a sofid state array of
voltage producing elements and electricaily linking them together in a configuration such that, in
use, the array provides a voltage output of at feast 1 kV.
22. A method as claimed in Claim 21 in which said configuration is obtained by introducing

20 electrical links and/or eliminating pre-existing electrical links between said voitage producing
elements subsequent to initial fabrication of the array.
23. A solid state voltage generator comprising a first large array of voitage producing elements
interconnected to produce a positive high voltage, a second large array of voltage producing
elements interconnected to produce a negative high voltage and means for combining the

25 voltages from the first and second arrays to produce a bipolar high voitage output,
24. A generator as claimed in Claim 23 in which said first and second arrays are sub-sets of a
single larger array of voitage producing elements supported on a substrate.
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exposing the array to light. In such a nodification, the switch 74 (if
needed) may be provided at a 5 different location so as to be accessible.
Ref erri ng t Qu 3, one formof voltage generator suitable j

t he enbodi ne t? gﬁ;nsz .Figures 1 and 2 conprises a |arge arrg&%"fﬂg/@#(lgge
produci ng el enents 100, eg photovoltaic el enments, on a substrate (not
illustrated). The elenents 100 can be produced as an integrated very

| arge scal e array by conventional techniqques used in the production of

el ectronic microchips. 10 They are distrifuted in colums and rows and are
connected in series as shown so that, col l ectively, they produce a
hi gh vol tage out put across termnals 102, 104. In this enbodi nent, a
switching el enment 106 controls the high voltage output. The sw tching

el ement may for exanple conprise a high voltage light sensitive di ode
‘as described in International Ratent Appljcation No. 4 WO 94/13063. In
this event, the switching el enent 106 nay~be controll ed 5? 15
energlsatlon/de ener gi sati on of a radlat|-n source such alight emtting

di ode 108 encapsul at ed s "- o &Q nner

di sclosed in Intemational P [ WO 94/ 13063. Th

radi ati on source forng, part hit including battery} 110
and user - act uabl mnt' 2. Thug, for exanple where |he

_vol tage producing ele ‘ onprijse-pt@ ovol tfic cells 20 arrangedfto
 be exposed to anbients ght\ neceqsary the sw fching di ode 106 nmay
'screened froma nt \1§ht (or other source]of light used to
irradiate the array) so that\{ he olode 108 is only af fected by
radi ation emtted by the sour P posed
to anbient light or a cover or ot her shleldlng arrangenment nay be
provided so that the array is only exposed on renoval or displacenent
of the cover or shield. In either event, the high voltage is 25 only
applied to the term nal when switching element 106 is rendered conducting

i by operation of the user-operable switch 112. In a nodification, the
“high voltage switching el enent 106 may be constituted by another form
~of electronic switching device such as a field effect transistor.

“Al t hough the switching el enent 106 is shown connected between the array and

t he hi gh vol tage out put rpal 102, it may instead be connected
between the array and the ol ne
switching elenment is sho ther¢ may be nore than one arranged i n[Mferies
and arranged to be r d condfictive substantially sinultaneouslh eg. by
radi ation froma co n Iight source. o~ N
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Fivgure 4 illustrates a nodification in which the array is divided into
sub-sets 118 of the vol tage produci ng el enents 100 wth each sub-set

havi ng an asy@@saidd sw tching el ement 120 all 35 of which ar e@EERdRsh6t O

- be rendered conductive substantially sinultaneously. Each sub-set 118 Is
i series connected to the next through the switching el enments 120. Thus in

ef fect each sw tching el ement 120 serves to switch in or switch out a
fraction of the total voltage. For instaRege, each WO 96/ 11062
PCT/ GB95/ 02216 sub-set 118 nmay c rise sufficient voltage
produci ng el enents 100 to contribute for exarrpl e 100 V to the overall
~vol tage out put. The swi tchﬁ nts 120 may be forned on the
same substrate as the voltage Q ?gl enents 100 and nay be

radi ation responsivel08g. in the for m of photovol tai'c switches10® rendered
conductive by r f es_gective;]' ﬂt @?ﬁﬁ (eq Lﬁi or aacorrrmn
| i ght sour Ced ' on the s ul . sqéba shi el di ng

means may be ne from 0@

light to which t p dUC|ng el BrefMMt's ar € exposed when for
exanpl e the | at tfe}falel Foh L (i-ae by--ph {cH4¢] | s to anbi ent
| i ght. Al tefnall vely_ the switchin elenent 5120 miy0t ake S™NIB2 f or s
such as field ef{fje 2 s—(-eg-tS&EEﬂE@'DHE gate vbttages of
-which may.be controlled opto-electronically and/or derived by t appi ng
. vol tages of suitable magnitude fromthe array, In Figure 4, the

'switching el ements 120 when conductive serve to connect all of the

100 | 120

----- - o0——
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- - 102A
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sub-sets in series to produce a high voltage output at term nal 102.
However, the possibility also exi sts of having nore than one out put

tarmnal an j vel y operating the switching elements 15 or
(i ngﬁ&i pérT
or

only certain conbinations of sub-sets are brought into operation acc I ng
to the nature of the spraying operation to be carried out. The
sel ection can be under the control of the user (e.g. by neans of a

suitably positioned controller on the deviaﬁ? where for instance the user
may need to have control over the distance Detween the device and a target
bef ore spraying can commence. Alternatively the selection may be
preset so that a conmmon desi gn of voltaqfﬁgg génerator can be used in
~devices intended for different applicati reqairing different out put

vol tages. For instance, as illustrated in Figure 4 other switching el ements
120 may be connected bet ween .the array and out put ,termnal s:such as
102A ... etc. In this way, ijf forl exafple the el efent 420 aﬁsociated
with the termnal 102 is ngt=yrireei a or_otherw serswit d fFmo its
conductive state, a |ower adeJdnalde Tapped T romkde aylyd a terninal
102A etc. 25 As indicatled alove, |different appligatiohs will tend to
require voltage generators 1149 [ U fiecent. out plit [t . | For ease
and econony of manufacture, e rayof vol t age prodgeCi ni ‘ements or
cells may be initially fabrilcated acgarding to a co deshgn d then
cust om sed according td t 0 Ut v ottage—armd= cur 1] agteristics
requi red. Thus for exaﬂg ; sfown in Figure 5, Jthe frray|is
initially fabricated ongge t rpett 4h m rows and (rqol s pryjvol tage 30
produci ng el ements 100 t Nducl | tracks 150R amg-d1l5 i ng each
‘element with its iﬂﬁbﬂ; te rqw-w $e and col um-w ge nefghbotrs. In
Figure 5, the elenents at € rigﬂ;_an left .. ha $idbs inynwthe end
colums of the array. Befor he=rely r a=*0f Figure 5 c be™pSed™Tt then
has to be suitably configur by lel i mplpating certain the co ctive
.tracks 150R and/or 150C. eqoVieH cgn-be-ef-Fectedi b hy t §bl e
‘techni que such as etching af be fected in one step byluse of a
‘mask protecting those conductive tracks which are to be |ett in{act, The
array wll al so be provided with output termnals such as termnals
102, 104 shown in Figure 3 either during initial fabrication or

subsequently. - 9
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WO 96/ 11062

PCT/ GB95/ 02216 Fi gure 6 shows one configuration which
cdrresponds we of Figures 3 and 4. In this case, t he et ching or
ot her renoval tggelgﬁﬁizque-has been used to place all of the el eﬁﬁf@’ﬁ@gnﬁn a
series connection by elimnating nost, but not all, of the colum-w se
conducti ng connections 150C. Only those paths 150C necessary to
connect together successive rows in serial, fashion are left 5 intact.

Thus, in an array which conprises mx n elltlgrents each having a voltage

out put capability of 0.45 Volts, the total voltage obtainable fromthe
array in this configuration is 0.45m Vi Z Figure 7 shows an
alternative configuration in which at | d8asMebne of the voltage producing
el enents are grouped in parallel with each other. Thus, as shown,
successive pairs of rows may , be;linked by |eaving approprjate ones of
t he col um-wi se conductingtpathd 150€ i ntact and eaclh 10 pair bf rows 152K,

152L, 152M ... are conne i er wi th each ot ) an ray which
conprises mx n el enents|ed in VoIt agé out puLlc TTWLLl of 0.45
volts, the total volda offt ai nabl e from the arfay hpvi nget he
configuration of Figure 1 90§21 olts_liele h hc[\ of
Figure 6 but with a high ur remt put . el | £ |1 !ng rst ood
that Figures 6 and 7 are el y.exanpl es of the varj nf i s 15
that can be adopted. In RS 45 exarpte—e i prqoff A he

in ng isol ated

one of the ele Jbl

conducting paths magﬁ% '150R.

fromthe remainder TE t they do not nieFRbut e to the
out put vol t age obt ai ned i . AI'sSo inste
fabricating the 1 with all pf the elements 100 electrically-
connected with their nei gibdurfF 3s Shhwn in_Eigure.
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Auﬁbndwnﬁuuﬂq
5, in an alternative fabrication nethod, the array may be initially
produced*with all of the elenents 20 100 isolated from each other and the
. desired configuration of series or series/parallel _connections may be

"~ appl i ed subsequently by deposition or otherw se a DR)@P?Q ' I nks
to the substrate at |ocations betWwdeii those ellenen sﬁ@%ﬁﬁa e to

be connected | L rparallel. I4:L.he enbodi nent

descri bed a&bé@yaiﬁégemm’&erator produces a | D e At

di scussed ear | i dhis inventioayelites waise gembiation of high veltages forusstirmasptications wihere' | de a

bi pol ar out ; 2 : |

pr ayi ng. afert dSpsh 1 Bhatcbad SRAURicRlon s W RRpRRR Bl Bhgro e, o

and 468736. voltage requirementmay, pe ingexgess 961 k\awhilst hp surrest rearementypawbe ofithaprder

vol t age gsnef micfoamps obéen harampswi t h t he i nvention. The generator

oD o 2,254 B ol 4 AR R AT 917

as. photovoltaic ¢C SO arrange arr

vol tage on [EPr=1206333415(Hi 468735, 468738018814 48619% $0376A 0607182 angyh vol t age on
line 304. TIpETA-WUI4AE663) afouseiibadthrd Bescribedall oﬂuﬁmgmcgcﬁrarﬁi%ﬁ}oltﬁ%éﬁérabhe

b ' hi I 1 tch : Lo
T ches mmgoRESE Y& hteot ity e BForVBloR CRterabysitebic Boeg ILRGR deviese e,
but for tiRe desdribedin EP-A-16330QMoitage generailorsof thisforrharemxpessivatomanutadiues andrare

responsi ve Viiifie§ B3GRy Sspebigly rErush ﬂugeléb'ﬂoﬁ%%ﬁ} ih§ devices rdaaifécitb b Gompatt MRizd 10A
and 310B such as’ a E‘_g%t em tting di

. E 310A - t 'l ed
S oy oot 1 90 sarRvely b Sesmefch anpdhriese Moiogver Jne, A gk rBdtee or PRWEAUPRIY o
308A, B i n aiusthenaccommodated withistth@housing otthe sprhyee andfteglent battgny repigcentant or

positive a”?ecﬂ?r%%@ié’&c@s?& vol tage outputs of the arrays 300A, B to the

out put term na 6. The re%uenc ~of the alternating vol ta(t:;e produced at
term nal 18 . e present invention seeks to provide an alternative form of high voitage generajor.

According to one aspect of the invention there is provided a device for producing a spray or
stream of electrically charged particles comprising means defining a location from which said
spray or stream is generated and a voitage generator for producing high voltage between said
loc'a_tic_m and the surroundings, the generator comprising a large, solid state, array of discrete

20 vo'l @ producing elements interconnected to produce a high voltage.

*" Preferably the generator is a solid state device comprising hundreds or even thousands of
individual voltage producing elements which may be serially connected so that collectively they
produce a high voltage output.

One form of the invention comprises an electrostatic spraying device comprising an outlet

. 25 from which material to be electrostatically sprayed can be discharged, the outlet being associated
with said location and the array of elements being interconnected to produce a high voltage
sufficient to effect electrostatic spraying of material from the device.

Typically the current output of the generator will be such that the power rating of the
generator is 100 mW or less, more usually 50 mW or less. For example, for a paint spraying

30 device, the voltage may be in excess of 25 kV and the current of the order of 1 microamp (power
rating of 30 mW) whilst for a room fragrance sprayer the voltage may be of the order of 0.5 to
2.0 mW, typically 1.2 mW (eg 100 nA current-and 12 kV voltage).
The high voltage generator conveniently comprises an array of photosensitive elements so
~ arranged as to produce a voitage output of at least 1 kV when irradiated.
35 Preferably the array of photosensitive elements is so arranged as to produce a voltage
output of at least 4 kV, typically at least 5 kV and more preferably upwards of 8 kV.

The generator is conveniently in the form of an electronic solid state device comprising a

large array of photosensitive elements. For instance, the solid state device may comprise a



WO 96/ 11062

. PCT/ GB95702216 306 is determined by the controller 312 and nmay be
sel ected in accordance with the teaching in EP- A-
Al t hough the arrays 300A and 300B are shown separ at ef| yRERLAGEMENT SHEET
supported on a common substrate and may be sub-sefls of Oajlﬁpmq 7arr
whi ch has been suitably configured 5 generally in th Pefner--desctbed
connecti on V@kAIMS| gures 5 to 7. T. A devl ce

for producing a &Bévicé fé}’r proﬁu&nﬁ&g‘sﬁtfay of ﬁ&hﬁ'\' aleet?( W Sleé &nﬁ:ﬁ?m% means

conpri si ng 3{ ing a. | ocatlon ro ray ro
i s generat egfegwag a laggfjon figm (S2idk sprayop stream is gﬂe@(ﬁi’(ﬁ"ﬁg Vﬁﬁ‘iﬂ# gemratagfer
bet ween sai cbrbduclag ihigh veitage béteeerusaldiocetionm g thé L‘lﬁroﬁcﬁﬂ@& &h@éerﬁﬂm}rcbﬁlbﬁ%g% 5

.t erconnec
b oduce & hid 9% i ek of Gitfenl e P@%uc?ﬂg R maad frsciee ot
t he generat a soI Id state device. : A device as clained in
Caiml or 2in AYevide@sitiainiedin Crlirha tirf ﬁﬁ?@ﬁ\loﬁaﬁﬂé&ﬁﬂ&ﬁb SpRiYing Yevice comprising
' an outlet from which material to be electrostatically sprayed can be discharged, the outlet being
associated with said location and the array of elements being interconnected to produce a high
10 voltage sufficient to effect electrostatic spraying of material from the device.
3.  Adevice as claimed in Claim 1 or 2 in which said elements are so interconnected as to
produce a voltage output of at least 1 kV. .
4. A device as claimed in any one of Claims 1 to 3 which is suitable for hand held use or
suutably sized for carrying as a self-contained unit using one hand.
15 5. . Adevice as claimed in any one of Claims 1 to 4 in which sald elements are radiation
sensitive.
6. A high voltage generator in the form of an integrated solid state device comprising a large
array of interconnected radiation sensitive elements operable to produce a voltage output of at
Ieasg 1 kV when irradiated. :
20 7. § A device or generator as claimed in Claim 5 or 6 in which the array is so disposed as to be
irradiated by ambient radiation. |
8. A device or generator as claimed in Claim 7 including means for selectively exposing and
shielding the array to/from ambient radiation.
9.  Adeviceor generator as claimed in Claim 8 in which said means is in the form of a
25 radiation shielding device movable between positions in which it conceals or exposes the array to
the surroundings.
10. A device or generator as claimed in Claim 9 in which the shielding device comprises a
removable cover which, when mounted on or attached to the device or 'generatdr, prevents
irradiation of the array, and allows irradiation when removed, the switching action thereby being
30 -effected by removal and replacement of the cover.
11. A device or generator as claimed in Claim 9 or 10 in which the shield/cover is adjustable to
vary the extent of exposure of the array to ambient radiation.
12. A device or generator as claimed in Claim 5 or 6 in which the arrey is arranged to be
irradiated by a radiation source forming part of the device or generator.
35 13. Adevice or generator as claimed in any one Claims 7 to 12 in which exposure of the array
is controlled by means of a user controllable actuator.
14. A device or generator as claimed in Claim 13 in which the actuator is operable to control
the supply of material to the outlet of the device.
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conprising an outlet fromwhich material to be el ectrostatically sprayed
~ can_be di*scharged, the out | et bei ng associ ajfee—wE=—Sad—Foc= on and
' the array of elements being interconnected to 14 W@hﬁg&v t age
~sufficient to effect electrostatic spraying of fateri al jrmq@ Vi ce.
4. A devi ce as claimed in any one of Cains 1|tlata:.i, \Mﬂl eh di el ement s

g KV.
5 “A devi 0B oSGV Lol u8 oA i Sk Bl hE oo BG ime I vt e capedef o,
hand hel d udsareanged to peadueesdbipolanouteyt.f or carryi ng as a sel f-contained unit

using one hagd. AldevRe as cldinféa¥i &@@éoﬁtmm@%sarﬂm4moﬁfgn%afsmvbﬁqa 5in
whi ch said el enents a

generator i i¥® ??{gtorrscgpﬁ{n&an%ﬁr &h?’%?ﬁf’ 8'81g§ 8\"P'dfs E'F%?PQ" 8@"6?%‘89 E‘%H’ﬁ'g P’sﬂf?f{yc%{g ©

| ar ge 5abipalar odtputnt er connect ed radi ati on sensitive el enents operable to

produce a vkt ag’?deQidB B%en@fat&‘tas c|a|mehﬁh”‘§r¥y che BM\&"Q@E% cﬁﬂhﬁg\%m% Srayis A

devi ce or genera arrasy IS’ so
di sposed as dtveﬂesg‘map'wa!'waawfsg& %?a'QWP@ﬁP“’F%P&ﬁ"@HtS with eagh sub-sgt havipg@e or
gener at or agsespeetiveswitahimg Elesent dbsociatédtieregitireans for sel ectively exposi ng

and shi gdi Wdettgg n?ﬁé&@?ﬁt&r%%ﬂ@dmﬁﬁp{? |é9aﬂi'cﬁwe%ﬂltchmﬁ etli];\Qen]gs &1‘3 or

generator as cl rmo a 25
r adi at i orl%s iPSPPRRIVRANE SBARRIS Rinyided @fH@W®wFF%ﬁ§"FWWEWV?Q'e ®onceal s
or exposes fidercérneétyihd sub-sets. t he surroundi ngs. A devi ce or

|
emoval e cofer e S gl & tob Suligh §9ﬂe‘¥?§§ﬁé§ f@of&?ﬁgfﬁ%evs%%%&% ahif @
gener at or, Ypéagemrasiucing elpmentsina matrix eAMArisieg a1 WS andtReIUTING will cendusting Aate n

when r emve@echiaauyﬁmﬁgcéucnaleaﬁhﬂ:@aadhh@xr RIS rév@vid8 arPeohintrlice Aeighbol8 @Ry al  and
repl acerregt of the cov VI ce or generator as clained in

Claim 10 tHeregftgr Wﬁ'ﬂg fﬂ?‘%ﬁ"@?‘ﬁ’ﬂ% S-i s adj ust abl e to vary the
extent of ex3oskmetbéd eftproducingi high thﬂgﬁ generatorctompiising. fabricating3, solichstatearrgyeofor

gener at or ayokdgaiprdicihglelemantsafd Sbctricallylinking %mtnbg%tﬁ%? in%Yconfiguidtion 8GdndtQn be
I rradi at ed g% a%rg_dl at | H{é sglulr ce for mf%a%? k t he device or generator.
35 14. i LAY PRYIRES 31vBitacg outppty h Yiny one Clains 8 to 13 in
whi ch ex pos @le. of methed as claiped in Claim 200mwhich $aixticobfigunatiam is obfaired by éntroducing
control | g E'ele"&fcﬂ%l&randlor eliminating pre-existing electrical links between said voltage producmg
elefnents subsequent to initial fabrication of the array.
22. Asolid state voltage generator comprising a first large, solid state, array of voltage
producing elements interconnected to produce a positive high voltage, a second large, solid
state,array of voltage producing elements interconnected to produce a negative high voltage and
25 means for combining the voltages from the first and second arrays to produce a bipolar high
voltage output. :
24. A generator as claimed in Claim 23 in which said first and second arrays are sub-sets ofa
single larger array of voltage producing elements supported on a substrate.
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(54) Title: HIGH VOLTAGE GENERATOR

160
(57) Abstract

voltage output of at least 1 kV is obtained.

100 ;10

A high voltage generator is provided for use in applications where current demand is low but a high voltage is required. The generator
comprises a large array of voltage producing elements, such as an array of photovoltaic elements produced by laser scribing or etching of
a wafer of material convennonally used for solar cells, the number of elements employed and theu interconnection being such that a high




vol tage producing elenents and electrically Iinking themtogether in a
configuration such that, in use, the array provides a vol tage out put of
at least 1 kV. 22. A nethod as clained in Claim?21 in which said
configuration is obtained by introducing 20 el ectrical |inks and/or
elimnating pre-existing electrical |inks between said voltage producing

el ements subsequent to initial fabrication of the array. 23.. Asolid .
state voltage generator conprising a first -large array of voltage producing
el enent s i nterconnected to produce a positive high voltage, a second

| arge array of vol tage producing el enents interconnected to produce a
negative high voltage and nmeans for conbining the 25 voltages fromthe
first and second arrays to produce a bipolar high voltage output. = .24.

A generator as claimed in daim23 in which said first and second arrays
are sub-sets of a - single larger array of voltage producing el enents
supported on a substrate. '

FOR THE PURPOSES OF INFORMATION ONLY .

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.
AT Austria GB United Kingdom MR Mauritania
AU Austnalia GE  Geogia MW  Malawi
Barbados GN  Guinea NE - Niger
BE Belgiom GR Greece NL - Netherlands
BF  Burkina Faso HU  Hungary NO  Norway
BG Bulgaria IE Ireland NZ New Zealand
BJ i IT Rl PL Poland
BR Jr apan PT Portugal
BY KE Kenya RO Romania
CA KG  Kyrgystan RU Russian Federation
CF 14 ‘Democratic People’s Republic sD Sudan
CG of Korea SE Sweden
CH KR  Republic of Korea st Sloveaia.
(o § KZ Kazakhstan SK Slovakia
M Lt Liechtenstein SN Senegal
CN LK Sri Lanka ™ Chad
CzZ LV Latvia : TJ Tajiki :
DE MC Monaco T Trinidad and Tobago
DK MD Republic of Moldova UA - Ukraine
ES MG Madagascar us United States of America
FI ML Mali vz Uzbekistan
FR MN Mongolia VN Viet Nam
GA -~




