WO 2011/ 129766PCT/ SG2011/ 000141 1 A PHOTOVOLTAI C UV DETECTOR TECHNI CAL
FIELD The present invention relates to photovoltaic UV detectors. 5
BACKGROUNRO 20i treexssol et (UV) rays generate pronounced eptesconmonmany
things, including material structures and properties, chem cal reactions,
m cro-organi sns, and other living thi ngz. Utraviolet (UV) irradiation has
been widely used in many applications such as materials processing,
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measur enment capability, sem conductor photoelectric detectors. are very

conpetiti v@qQﬂsaE?éﬁa§EreW”Het ection. Particularly, photovoltaic
sem conductor detectors that generate an electrical output by directly

converti ng UV o t| cal energé into electri CI ty are advant ageous because in
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to be able to monitor and manage their own UV exposure using personal portable UV

20  detectors.

Among various existing UV detectors, photon detectors are cdmmonly utilized at UV
wavelength due to their great sensitivity. Such UV photon detectors have traditionally
been divided into two distinct classes, namely, photographic and photoelectric. Due to
25  their guantitative measurement capability, semiconductor photoelectric détectors are
very competitive for precise UV detection. Particularly, photovoltaic semiconductor
detectors that generate an electrical output by directly converting UV optical energy
into electricity are advantageous because in principle, no electrical bias is required.
This aIIowé for continuous UV monitoring and dosage measurement with low or even

30 no power consumption over a specified period of time.

_ fhe basic working principles of a photovoltaic semiconductor UV detector are
illustrated in FIGS. 1 and 2 (prior art). FIG. 1 (prior art) shows the working principle of a
-UV-detector-10-having-a-phetovoltaic-effect-at-a-p-n-junction-12-formed between a p-
35 type semiconductor 13 and an n-type semiconductor 14. When the Fermi level of the n-



2 type sem conductor 14 is higher than that of the p-type sem conductor 13,
el ectrons diffuse fromthe n-type sem conductor 14 to the p-type
sem conduwwbani1ili39med hol es diffuse in an opposite directrcosc2dinwseisa
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diffuse in an ' I recti pace charge region 22 is thus

LOpposi t .
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an electrical field 25 is established 25at the n-type sem conductor 24 near
the interface 29 with the direction pqinti al 23 fromthe
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an opposite direction. A positive space charge region 22 is thus formed at the n-type
semiconductor 24 near the interface 29. As a result, an electrical field 25 is establ'ished
25 at the n-type semiconductor 24 near the interface 29 with the direction pointing to the

metal 23 from the n-type semiconductor 24, as shown.

Accordingly, an electrical energy barrier known as a Schottky barrier is formed at the
interface 29. The metal layer 23 also functions as a first electrode. A second electrode
30 23ais provided at a surface of the n-type semiconductor 24 opposite the interface 29.
When the metal-semiconductor junction is irradiated by UV light 11, photo-induced
charge carriers comprising photo-induced elecfrons 26 and photo-induced holes 27 are
drifted along two opposite directions as shown. Conséquently, under UV irradiation, an
—electrical-potential-is-generated-as-an-electrical-output-28-over their electrodes 23 and‘v

35  23a. A similar Schottky barrier and photovoltaic effects can also be expected when a p-



WO 2011/ 129766PCT/ SG2011/ 000141 3 type sem conductor material contacts a
netal with a relatively smaller work function. The sem conduct or
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such performance properties are not critical. Instead, several problens
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20  (2) The magnitude of the photovoltaic output voltage (calied photovoltage) is limited by
the height of the energy barrier at the interface, which would be the Schottky junction
29 between the metal 23 and the semiconductor material 24, or at the p-n junction 12
for the photovoltaic UV detector 10 using two semiconductors 13 and 14. For both the
Schottky junction 29 and the p-n junction 12, the internal electric field 25, 15 that

25  separates the electrons 26, 16 and holes 27,17 only exists at the space charge region
22, 12 of the interface. There is no electric field in the bulk region of the semiconductor

24, 14, 13 outside the space charge region 22, 12.

(3) For some applications, it is desirable to increase the impedénce of the
30  semiconductor materials for improving the electrical driving ability of the photovoltaic

UV detector for any external circuit.

SUMMARY |
~The-photovoltaic-UV-detector-described-in-this-application~combines-the photovoltaic

35 effects of a bulk region of a material used and of at least one interface between



- The- phot ovol t ai c- UV-det ect ordescri bed-i n-thi s-application-conbi nes-the
phot o-voltaic 35effects of a bulk region of a material used and of at | east
one i nt erweceiibedween WO 2011/ 129766PCT/ S&011/ 000141 #casicesiliabs4used in
t he photovoltaic UV detector. The conbi ned photovoltaic effects
constructively contribute to the electrical output of the photovoltaic W
detector under= WV illum nation. The ph tovol tai c W detector conprises an
el ectrical Iy polar dielectric thin n electrical polarization,

i.e., an eMaleipiscyiadyi "pmeaPl%t@éP”éPepyc??t?%mE hT"f? sombiped phofpyoligic fteetsr i cal
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produced athirit RgeeWRAtdr @@ctr@aebgynmbhl g&., &h éle@tnémrye;sdla%zeun&.aé&tﬁeethmThe
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out put, the fi rszﬁlé)qim ovol tage and the second photovol t age thus

const ruct | &P ”%‘u?‘étpt‘@rtﬂji‘@toéplé%&er'ﬁ (E’éqdué%ﬁ plihe sfectrical enesanbarenatc Lv

det ect or uhdemateMall iter@bat TR seddi QB&Fl@éintIt;ﬁ.lt%a'é\é @%@C;S&éntpfastthe fRétesent
i nvention may conprise a ferroelectric thin el ectrode | ayer

and a bot t 9R¢tEF Ry hegleatrical AUipHS Q,fﬂh?)BP‘Pio‘t’W@'cfliV FS@P@&PPE“@ asmmof ayer

and thg t oa&! A6 kN edtidaE bupiaRd SR S&IcAl <Rduitap ou@ud tﬁ@ﬂrsmaaﬂow%eof
the. work function of the bottom el ectrode materi al arger than the work
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201 n a firmk phyRVBkaAE YVafhatdr.undBEUY ilrsdidtiopvi ded a phot ovol taic UV detector
configured to generate an electrical output under UV irradiation, the

phot ovol tai ¢ UV detector conprising a first |ayer conprising an

el ectri cal Tie pdtavdiaRAUV delee®t b fhetd?éébn't Weﬁt.&méy Both ke PfedRRRICHENR fir st
el ectrjcal output under the UV .irradiation; and a second Ial)?/Per configured

to form an alé?reEtt‘?F? elgpirodedaygy andra batioms elegiioderlpwart inrhigh pote dhe femoelesiisnd

251 ayer angirt lagerfdridsthe kaly S1EctPdieaydr@oBRings Alctal dxrIRS 04Kl Bk eRddrittdé oPihepUt
under the UV irradiation, the second electrical output having a sane

pol arity a¥okHuNgtiongf the betiorn electigde susterial e '%Q%Tc‘ﬂ“?i‘ dhg wellt petisy ok the

phot ovol t ajefrobcifigtias lyer BRI e tép slbréte Mhteligiast the first electrical
out put and the second el ectrical output. 30The first electric field

conprised in the first layer nmay be antiparallel to a direction of

el ect riccal Inppfirar éxediplaip abpedt Rerkiig Blovided @rphotdVBItdit USt ddtédtér configidted to
pyroel ectric Ia er, or npre particularl a ferroelectric thin film WO

2011/ 1297 6%¢gnerat @Q(ﬂ%frﬁ'@bﬂ‘iﬁ”t under UV irradiation, the photovoltaic UV detector
comprising a first layer comprising an electrically polarized dielectric thin layer

configured to generate a first electrical output under the UV irradiation; and a second
layer configured to form an electrical energy barrier at an interface between the second
25 layer and the first layer so as to generate a second electrical output under the UV
irradiation, the second electrical output having a same polarity as the first electrical
output, the electrical output of the photovoltaic UV detector being a sum of at least the

first electrical output and the second electrical output.

30  The first electric field comprised in the first layer may be antiparallel to a direction of |
electrical polarization in the first layer.

The first layer is a pyroelectric layer, or more particularly, a ferroelectric thin film.

The photovoltaic UV detector may further comprise a third layer formed oh a surface of

35 the first layer opposite the interface between the first layer and the second Iayer, the



5 third layer being configured to function as a first electrode. The second
| ayer nay be a netal |ayer and the electrical energy barrier may be a

Schot t ky werwieneréd The third | ayer nay be a conducti veporisdeoliayeunl havi ng
a smaller work function than the netal |ayer, and wherein electrical

pol ari zation in the first layer is diregcted fromthe netal |ayer to the
conductive oxide layer. 10The conductive oxide |ayer may conprise

(La, Sr)NhO% Al ternatively, the conductive oxide |ayer may conprise

i ndi um t i nthB%{3yer being Co'ﬁ%’r@q tpdpnqgtigy @ afisst elretrefen- t ype material and the
nmetal second | ayer may have a mork 15function larger than the work function
of the first |ayer. The netal may have a work function Iarger than 5
eV. The feT%%ffceequ@r 3y Rerd mﬁﬁ ﬁayeraﬂﬁiﬁh?g@ctrpel gnerqyAarienmay berfe

ferroel ect génotikPbariet.] m may have a conposition of
(P0O.97La0. 03) (Zr0.52Ti 0.48)03 and the netal |ayer may conprise Pt. The
nmetal |Jayer nmay be an epitaxial thin film or it may be polycrystalline. 25

The ferroetigethirt fayeh hﬁﬁ%'d‘&dm}éct% d?(ﬂieMﬁ)Véffh'Eaalhb laNnallBF wbik fBtioR haHthe
epitaxial thin film The second | ayer may be configured to function as a

second el e®ftbyer 8pd W@r%%'éﬁtﬂcﬂlp@@r izglinn iRdRe et layrids direcied fromathe net al

that is stmablatlayse@thdNoriduch@d GidedByerAl t ernatively, the second |ayer may
conprise a sem conductor |ayer and %/he el ectrical energy barrier may be a

p-n junction barrier. 6
10  The conductive oxide layer may comprise (La,Sr)MnOs.

Alternatively, the conductive oxide layer may comprise indium-tin oxide.

The first layer may be an n-type material and the metal second layer may have a work

15  function larger than the work function of the first layer.
The metal layer may have a work function larger than 5 eV.

The ferroelectric thin film may comprise (Pb,La)(Zr,Ti)Oa.

20
The ferroelectric thin film may have a composition of (Pgg7Laq. 03)(Zr0 s52Tip 48)O3 and the
metal layer may comprise Pt.
The metal layer may be an epitaxial thin film, or it may be polycrystalline.

25

The ferroelectric thin film may be polycrystalline, or it may be an epitaxial thin film.
The second layer may be configured to function as a second electrode.

30  The second electrode may be made of an inert metal that is stable under UV

irradiation.

Alternatively, the second layer may comprise a semiconductor layer and the electrical
energy barrier may be a p-n junction barrier.
35



The photovoltaic UV detector may further conprise a fourth |ayer in contact
with a surface of the second | ayer opposite the interface between the first
| ayer andwbheiisemiseonduct or second | ayer, the fourth | apen/sieingoganfi gured
to function as a second electrode. 5 The first electrode may form an ohmc
contact with the first layer and the second el ectrode may forman ohmc
contact with the second | ayer. Alternatively, the first el ectrode may
forma first Schottky barrier with the first |ayer and 10t he second

el ectrode ?T%?/ptFQfPYﬁ"é'céé\éSﬁ'GC’g&H@V{W%SP'PP@?‘* fquthilgper ieeniRet MY & . An

el ectric fégtade©PHRIdee6AY iaber diokitd e iMiENAd tatwbar thedirstadydr aRd }eeCt i €
field conprised in the second Schottky barrier nay be aligned with the

first el ect§miconquetas saerndirYes. thedowthdayry beingcopfigured & fynction agrseqandd | ayer
may conpri glectiodeet al oxide. The ferroelectric thin filmmmy conprise a
metal oxi de. 20 The photovoltaic UV detector may further conprise a
substrate upon whi ch the second electrode is fornmed. According to a second

exenpl ary asPfet elebthRictmaysolrh @ni dhaflc SorltBdthiad th fifsPlafémehddhelegsno! taic WV
detector, the nethod .conprising providing a first |ayer conprising an

25el ect ri c@PFYrdsanay form@nahalie eentaet Withithe pespRd 1&%hf i gured to generate a
first electrical output under the UV irradiation; and providing a second
| ayer confilgured to forman el ectrical energP‘/ barrier at an_interface

bet ween t hRl&rBatysly. theyfisst elgrirods aayifeen affies) SEhatiyhardes witbiee fisklayersadond

el ect riccal thawkeBsiid slBstRIdetrhay fdém il JeabhdbEidtiky BHRr WA thd SiRoRg R el ectri cal
out put has a sane polarity as the first electrical output and'the

el ectrical 30output of the photovoltaic UV detector may be a sum of at

| east the AheRktrR!fiRREdontitlsed i BB TiIrBRhst banfdRfd ehetddicflid esthpided in St ep
(a) may conprise depositing ielectric thin layer on the second | ayer,

he d
and el ect rihesergndrethattky Pﬁr@@% Wgy ae @lignad with e dirst wisctric fiekd angayith the

firsrel ectgddonflieRlcficGreripri Sed in 35the dielectric thin | ayer has a sane
di rectlison as a second electric field conprised in the

The third layer may comprise a metal oxide.
The ferroelectric thin film may comprise a metal oxide.

20 - The photovoltaic UV detector may further comprise a substrate upon which the second

electrode is formed.

According to a second exemplary aspect, there is provided a method of forming a
- photovoltaic UV detector, the method comprising providing a first layer comprising an
25  electrically polarized dielectric thin layer configured to generate a first electrical output
under the UV irradiation; and providing a second layer configured to form an electrical
energy barrier at an interface between the second layer and the first layer so as to
generate a second electrical output under the UV irradiation; such that the second
electrical output has a same polarity as the first electrical output and the electrical
30  output of the photovoltaic UV detector may be a sum of at least the first electrical

oUtput and the second electrical output.

Step (a) may comprise depositing the dielectric thin layer on the second layer, and
electrically polarizing the dielectric thinlayersuch that a firstelectric field comprised in’

35 the dielectric thin layer has a same direction as a second electric field comprised in the



WO 2011/ 129766PCT/ SG2011/ 000141 7 el ectrical energy barrier at the
interface between the dielectric thin layer and the second | ayer. The

met hod nayofwrinerssconpri se depositing a conductive oxi g#eTisagger/oom4i he
dielectric 5thin layer prior to electrically polarizing the dielectric thin
| ayer, the conductive oxide |ayer being.a first electrode. The method may
further conprise introducing substitutignal | ow val ence ions in the
dielectric thin |ayer to, produce -type dielectric thin layer. 10 Step
(b) may cofiffiisa e&swsham%@t g\%ﬁ%ﬁ?& a?vf@reewet%legt@emlawsww B8 a
substrat e, sédondBlenl | ayer being a second el ectrode. Al ternatively, step
(b) may conprise depositing a netal |layer as a second el ectrode on 15a
substrate, and depositing a sem conductor |ayer as the second | ayer on the

nmetal | ayerhe ABRIdthagfuktRerednbrise deyesiMgd Yortib®&d oxidd18y&r drsthPliYdded a WV
detection pet hod cpnFr|S|n%w§xp05| hot ovol taic UV detector to W

ng a
i rradiati ofin BYHSQL Ingedn QP'aﬂé'BgéQ% 5@@%%6@? (RYET (PRIEeNduRtve yide

i rradi ati opgybibeind 4 fist elediyéde. of the photovoltaic W detector; generating a
second el ectrical output under the UV irradiation at an electrical energy
barrier formed at an interface between the first |ayer and a second | ayer

of the photry mlettidimaMustBéresdntirise it dsEIRE RUbRIRIBhAI 6@ vaRHEP bhs fpiveNg @ sane
polarity as the first electrical output; and sumrming at |east the first

f
el ect ri cal 9BGEHGHENIARYST IePrediasiRIP-Hns dielestiic Hiin BY¥ehut to produce an
el ectrigcal output of the photovoltaic UV detector as a representation of
anount of ‘%\/ irradiation. BRI EF DESCRI PTI ON OF THE DRAW NGS The
i nvent i on WePI(bhBRY pRMBsSIsPealing ynsialavsr asthaprcong favpr onagubstidietBe er ence
to the 30agemgsybdify bisetdrRiselédirogBi ch: FIG 1 (prior art) is a schematic
di agram of a UV detector illustrating the working principle of the

photovoltaic effect at a p-n junction fornmed between a p-type sem conduct or
and Alternatively, step (b) may comprise depositing a metal layer as a second electrode on

- 15  a substrate, and depositing a semiconductor layer as the second layer on the metal

layer.

According to a third exemplary aspect, there is provided a UV detection method
.comprising exposing a photovoltaic UV detector to UV irradiation, generating a first

20  electrical output ‘under the UV irradiation in a first layer of the photovoltaic UV detector;
generating a second electrical output under the UV irradiation at an electrical‘energy
barrier formed at an interface between the first layer and a seéond layer of the
photovoltaic UV detector, the second electrical output having a same polarity as the
first electrical output; and summing at least the first electrical output and the second

25 electrical output to produce an electrical output of the photovoltaic UV detector as a

representation of amount of UV irradiation.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, and with reference to the

30  accompanying figures in which:

FIG. 1 (prior art) is a schematic diagram of a UV detector illustrating the working
principle of the photovoltaic effect at a p-n junction formed between a p-type
“§emiconductor and a'n-type semiconductor.”

35 ’



WO 2011/ 129766PCT/ SG2011/ 000141 8 FIG 2 (prior art) a schematic di agram of
a W detector illustrating the working principle of the photovoltaic effect
at a net aveeniremwduct or junction (Schottky barrier) foroegcebhmamodsn-type
sem conductor contacts a netal with a larger work function. 5FIG 3 is a
schematic diagramof a UV detector ill ugtrati'ng t he wor ki ng principle of
constructive photovoltaic effects fromthe bul k region of a n-type

ferroelectric.layer and a Schottky bayrri t .a. erial interface.. FI G
251 s0a contlhal (e RoarPamans tiabter ot & L asdtord IRy Bhnd teoraehg BEReinl: i o
of 10const ¢fubk iphetovbitdio efibdtadtaa fletebmidonamstdmianétionk Scréttkgrbapiier farmieype
ferroelectrjic |ayer unctjon ' face. FIG 5

and a p-n j t t a material jnter

is a scheni{?§a §itds %?W'B?"CE’C_ rCB%tta‘ététadPg}ﬁh‘Uﬁtmaﬁ%gﬂsW‘?rlﬁE‘fr]"g}%n'phot ovol taic
effects fromthe bulk region of a ferroelectric layer and a Schottky
barrier_ at terial 15interface, FI IS a graph of experinental .output
ohot ovel t o 1T Bk Sousyats SeBei 8 adVristestr Duitho e yosFG BTROHE Yinde!
WV i nt ensi ¢anshiictive PhotoVb AR eff@AE Frem the ibSlkaediba ph a 0k typx Refoeleeiicabyardngut
phot ocurreng froma UV fiete tor.?t different electric polarizations.
FIG 8is @ glaq{@%&arr@ra A g3 INea9% det ector illustrating the working
princi pl e of constructive photovoltaic effects fromthe bulK region of a
p-type ferrgel ectric layer and 25a Schot t rrier at a materi.al
i nterface. 'E'%G{e % g §Che 'ﬁeﬂﬁ@rﬁ‘e‘ & ‘jb/r ‘ﬁ?@ér gﬁ"?ﬁ/ﬁtﬂ@tg‘@twgﬁqq RERGRIEi ¥y t he
wor Ki nig pr ¢onstrpdtve photuditdic effédty Gofitae BURIregioa ofhinelgps fdricemBctritaaf@tidndr egi on
of a p-type ferrqele tri%?g.a%/%r} and a p-n junction at a material interface.
30 DETAI LEDPTHYAHOBA B\ o ier ERRED EMBODI MENTS  Pref erred embodi nent s
of a photovoltaic UV detector according to the present invention will now
be des. cri Ipl?id 5V|ys|‘, ggcﬁgraaetfceé}ggragnoofg W'de?ec%o? hg\'/ing constructive photovoltaic effects

from the bulk region of a ferroelectric layer and a Schottky barrier at a material

15 interface.

FIG. 6 is a graph of experimental output photovoltage from a UV detector at different

electric polarizations under UV intensity of 4.35 mW/cm?.

20 FIG. 7 is a graph of experimental output photocurrent from a UV detector at different

electric polarizations.

FIG. 8 is a schematic diagram of a UV detector illustrating the working principle of
constructive photovoltaic effects from the bulk region of a p-type ferroelectric layer and

25  a Schottky barrier at a material interface.

FIG. 9 is a schematic diagram of a UV detector illustrating the working principle of
constructive photovoltaic effects from the bulk region of a p-type ferroelectric layer and
a p-n junction at a material interface. '

30
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of a photovoltaic UV detector according to the present

invention will now be described with reference to FIGS. 3 to 9.'

35 FIG. 3 shows a photovoltaic UV detector 30 with electrical output generated under UV



WO 2011/ 129766PCT/ SG2011/ 000141 9 irradiation 11 according to a first
exenpl ary enbodi nent. The photovoltaic UV detector 30 has a nmultil ayer

st ruct ur ewoAofimstes| ayer 31 conprises an electrically pecasiczed/odiel ectric
thin layer configured to generate a first electrical output 831 under the
W irradiation 11. A dielectric materi aé Is an electrically insulating
material with a large 5electric inpedance. Preferably, the electrically
pol arized dielectric thin layer 31 is a ferroelectrlc thin film31 with an

oxi de conpH&rEfiem1hAasegiding t%? At exemplaiyrembagitpentyhe phaipvaltais UV gefgstor 5

first elecsg h@s5hﬁhtmayé%tr@dtur@admrs%yék51 eémpﬁséé,méc&%uyryo@n%d k region of
the ferroelectric thin layer 31. Electrons r es are the

maj ority cHglegchip faver §°’1f'ﬁ“'ieﬁé° geperate it ¢lectrieal Quipyl 831 ander hayU¥o t he

ferroel ectigagiatiér m1. |@Ml@fec§|1=, rhatedd) idlan é@&t)’ Qﬁlyfll%mélﬁb‘?ﬁétéﬂlé} with =SI8ffend | ayer
32 is ncontact with the first |ayer t he second | ayer 32 being

confi gusr edelegirie B?F?ﬁdé‘ﬁc%IPééfﬁfqbt%Ith%?ié?t@‘g‘/a”Mé’PIai”é?d dieleghicitindayerdtisa2 bet ween

t he secondsel@¥eEtrid Zhidfikh 8N &ith bh%&.db%ﬁfpo&&omh@ﬁ id §aBieNehirtRde Pecond
el ectrical out Eut 832 under 15t irradiation 11. In this enbodi nent,

t he second"Pdipien FHupa Wrshelegiric Helo .733; alfeqdy ists Qoisicompread B bullaregiane

ferroel ect gfithe tditoBlccRic@RinIdyer 3N USiectrdHd r8ih8Ehah %Ies%’ﬁ@fh@ymé]aﬁ&'cﬁér gor med at
the interface 32 between the ferroelectric thin |ayer d the second

| ayer 32 i S@rECSEnBElRYORRTE kin layerc and e he tameelodia hat leyet HusPnar d_r32

exi st sjat @P@f&@@{é@tr@harge region 316 of the Schottky barrier. Preferably,
the first electric field 731 20and the second electric field 732 are
aligned in a sanme general direction. Athird |ayer 33 may be fornmed on a

surface of AkBgord aydr 3baywco%aac@mwetfﬁsttlaﬁer%ecme%ebwéyééz%%% smal | er
Schottky barrier, or preferably no Schott barrier, is formed etween t he

third | ayefon§gugddo {97 FchIPTaL EPPTOE DRRICH Al afyBferiage 313 beterepdhe sgrandss

25f unct i ongy&BBarid thé firsPlayb PP 86 861d §Rralda s\é’@bﬁ@eléaﬁcaﬂ RGputssAYSder32
functions as a second or bottom el ectrode 32. Both_the tOPIeI ectrode | ayer
a

33 and X hethedtY Hadiation i & Ip iy emppdiment, the second layer 32 is a metal having a

larger work function than the ferroelectric thin layer 31. Thus, the electrical energy
barrier formed at the interface 32 between the ferroelectric thin layer 31 and the second
layer 32 is a Schottky barrier. Accordingly, a second electric field 732 exists at the
space charge region 316 of the Schottky barrier. Preferably, the first electric field 731

20  and the second electric field 732 are aligned in a same general direction.

A third layer 33 may be formed on a surface of the first Iaye’r 31 opposite the second
layer 32 and a smaller Schottky barrier, or preferably no Schottky barrier, is formed
betweenu the third layer 33 and the ferroelectric thin layer 31. The third layer 33

25  functions as a first or top electrode 33, while the second layer 32 functions as a second
or bottom electrode 32. Both the top electrode layer 33 and the ferroelectric thin layer
31 may be made of metal oxide materials that are stable under UV irradiation in air.’In
addition, the oxide top electrode 33 has substantially improved transparency for UV
light in comparisonh with metal. The bottom electrode 32 is preferably made of inert

30 metals that are-stable under UV irradiation and have a large work function, such as P,
and Au.

Polarization 314 of the first layer 31 is preferébly aligned in a direction from the bottom
electrode ‘32 to the top electrode 33, while direction “of "the first electric field 731 is

35 antiparallel to the direction of electrical polarization in the first layer 31.



31 may be nade of netal oxide materials that are stable under W/
irradiation in air. In addition, the oxide top el ectrode 33 has

subst ant iNEDI291/RPT6Vved transparency for UV |ight in conpamiS&Gem 1neiHl et al
The bottom el ectrode 32 is preferably made of inert 30netals that
are-stabl e under UV irradiation and ha.ﬁ)a | arge work function, such as Pt,
and Au. Pol ari zation 314 of the firs Iayer 3l is preferably aligned in

di ti f bot t at Fo-de -3 | 33,
o T eoh Ofnd TR o7 o ARy Gt oty p cilsiile 9% ugsﬁm%%a N8 POy ¢ he

di rection ekcteddeciZis¢amegol ari zation in the first |ayer 31.
2011/ 129766PCT/ SG2011/ 000141 10 The UV detector 30 may further conprise a
substrate 35 upon which the second el ectrode 32 is forned. Under WV
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lelds 10 73

r al i_gpned, e h a directjon from
Lhe Con o1 Sattass s dn fod SRRy bhsr aBcSeheidiections Suhonb SleGEe ela
S?,tl putT 1h0332|731h6’62fa©f gehétéllﬁal@f&é@ hmeieadtily witlna dideetidr g@h tiee &iptéleétﬂidecw tout
e el e I ca ut 1 ot QV et ect or () sum o
o0 et e oftpErEleqignB db Be sslondrSeen ahibuf A HEEUNG ‘e ATaTS BYH! put
ggg. Ehe f1 ag e firboglostatdl augq)wBBpUTheBBIéctaBﬂ d@twmaTam@wwVQﬁfemt put
t hus onstruct,l v onLr e tot ec | Cal oOr ot ovol t age
out put of ?‘?ﬁ@ ?)ﬁH?‘o‘?fcﬁﬁ%é/sé?W'ﬁ{eFféﬁ?@?' o4fipu %ﬁ?’é ?'B{)thEIS@E?’PQ)EECE'FaIt?HtP‘g | ayer
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32, W a re*atlv k fu e. 20 second
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of the topdeﬁéactt:smde 33 is not larger than that of the ferroelectric thin
| ayer 31, so that no electric field exists having a direction opposite to
the first and second electric fields 731, 732. Both the ferroelectric thin
| ayer 31 amisk topecléciddel e iirdidger 38/ierprefdrabiedied diffesent augdurtive AGsial tHaR of

metal oxi dt e second layer 32, with a relatively smaller work function-than the metal of the

20  second layer 32. |t is further preferable that the work function of the material of the top
electrode 33 is not larger than that of the ferroelectric thin layer 31, so that no electric
field exists having a direction opposite to the first and second electric fields 731, 732.
Both the ferroelectric thin layer 31 and the top electrode layer 33 preferably have a
composition of metal oxides.

25
In an alternative but not preferred configuration of the first exemplary embodiment, the
work function of the material of the top electrode 33 may be larger than that of the
ferroelectric thin layer 31, but smaller than that of the bottom electrode 32. In this case,
a Schottky barrier is also formed at an interface 313 between the top electrode 33 and

30 the ferroelectric thin layer 31. Accordingly, an unfavorable electric field (not shown)
would exist with a direction opposite to that of the first and second electric fields 731,
732. However, because the Schottky barrier at the interface 313 with the top electrode
33 is smaller than the Schottky barrier at the interface 312 with the bottom electrode
‘32, the photovoltage output 832 at the Schottky barrier atthé bottom electrode 32

35 overweighs that at the top eleetrode 31. The final output voltage of the photovoltaic UV



25 In an alternative but not preferred configuration of the first exenplary
enbodi nent, the work function of the material of the top el ectrode 33 may
be | argerwoRan/mp@ws of the ferroelectric thin |ayer 31, POTISG3EIN@EH1t han
that of the bottomelectrode 32. In this case, a Schottky barrier is also
formed at an interface 313 between the top el ectrode 33 and 30 the
ferroelectric thin layer 31. Accordingly, an unfavorable electric field
(not shown t with a directjon 0Si t ot of the first and
second el e%?tgq ??ﬁl G%Sf 'S &&yne %%@ es,tggg'ﬁsg ﬁ%”cg%?%?‘f%ﬁg%&‘w rat
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barrier at.th terfa to tJ.ode 32, the photovoltage
out put 832541° ?ﬁ.’%ﬁa‘é‘@ha tﬁﬁfjt%@ﬁqel% ﬁ\tg?io%%]?‘gfﬂﬂc ctrode 32 35overwei ghs
that ‘at the top el ectrode 31. The final output voltage of the photovoltaic
01 6PCT/S 011/ 1.11 ector 0 therefore ha sane
ol ar 1 (3 351G RENPHe GPrRi oL YA oIS e el bl B8t anaa R’

reduced byurrbhratmweweasmrdmgwb%yccm‘d dxemppinpemvodi@ge Thetpbotoveltaid 0¥ Sc hot t ky
33. .5FIG 4 shqws

b t.h f. 31
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refera ctri ol.ar,i ectric in er 41 is. a
Tor or 1 ool ppRfon TS it ocP TAUAT GuPed i CiPaigl B fdk ki ¢ i ¢
air under tfhthé fmméle@trlcahm ldyergd 1. Blettrarstrathleethianinoiekiaed d"|e7rﬂéJoﬁt|yroaa@¢ exi sts
or is conprised on of t he feErofgl ectr,

41.
2 eotronersaries i PedamomcuiC BT RyRi T 3R b8 MBS s e 1oy et & ans

f erroel ecttype fdrivetectreyer 41, and so the ferroelectric thin layer 41 is an
n-type1 erroelectric. 15 A second layer 42 is in contact with the first

| ayer 41, the second layer 42 being configured to forman electrical energy
barrier atAasecond taylenci2 ¥1ld demtawtavitht the freciydr haytie detoaddaydredd ibemy | ayer
41 so as to econd Iectrl cal.

oo ot rprgUeRt Forth ST SRR RS STl Sye il idimeiace 40h BonsBh A0 Pespar 42 i s

a 20seni colagerc42and El'yeefi‘rstlllayerTétﬂewTa;; to béneratesd g@ccmarmec&rraal bntpuh842 under
sem conduc r A2 heref ore the, second i p-type
sem conduc{hSrUV éaé'aﬂéﬂt F’E/{p"s Seﬁoﬂ FEROPREN SRR YimEAL eeﬁet%f’gé?yeéﬁgr'ﬁﬁ

barri €0 i ssémiconatlictoelayeen2.tTie rhejbmyeihargeraacnérhimthbasmfcoﬂa&iuaadlayémmar’eype

sem CondUCtocfes ltr?e,yrgfrorell%é s%ggn %georr iQ g';%ty%e semiconductor.

Consequently, a p-n junction with an electrical energy barrier is formed between the
‘ ferroelectric thin layer 41 and the p-type semiconductor layer 42, and accordingly a
25  second electric field 742 exists or is comprised at the space charge region 416 of the p-

n junction.

A third layer 43 may be formed on a surface of the first layer 41 opposite the second
layer 42 and a smaller Schottky barrier, or preferably no Schottky barrier, is formed

30 between the third layer 43 and the ferroelectric thin layer 41. The third layer 43
functions as a first or top electrode 43. Both the top electrode layer 43 and the
ferroelectric thin layer 41 may be made of metal oxide materials that are stable under
UV irradiation in air. In addition, the oxide top electrode 43 has substantially improved
transparency for UV light in comparison with metal.

35



25second electric field 742 exists or is conprised at the space charge
region 416 of the p- n junction. Athird |l ayer 43 may be forned on a
surface ovothe/m2pTe§t | ayer 41 opposite the second | ayer PGR/S&Ro1Q0&IHAI | er
Schottky barrier, or preferably no Schottky barrier, is formed 30 between
the third layer 43 and the ferroel ectriA]% thin layer 41. The third | ayer 43
functions as a first or top electrode 43. Both the top electrode |ayer 43
and the fefroelectric thin |ayer 41 e mad f al _oxide . erials
fhat are SIBLIRMER LRMRPREAER S<sn fr Brgom FleRoed B Biey HAISuRREh pop

el ectrode difabasf shdsécont ilaler vi2i oppositeethet firetniaysar4£n dye fiottomveledtaite 44is
conparison wth nmetal. . .\WWO 2011/ 129766PCT/ SG2011/ 000141 12 A fourth | ayer
24 Funct | oRPIRGPbLE el ot it BT 10 Aror Bhie e WY Ragiaien BrdriRa tgieea
surface ofwbdkdursstionelichagdt, ahd Mpposite the first layer 41. The bottom

el ect r;de 44 is preferably nade of inert netals that are stable under W/

irradi ation and have a |large work function, such as Pt, and Au. Electri cal
pol ari zat i Blectfitdl plarizhtorf #14bf theyfiest Idjeri 41 iprpeéferabl yigakd gnadiiredtich flbmect i on

f the bott | ectrode, 44 to the t 3 ile di ti. f
the Tivet BPBBIPRRIUERS 244 e R Rir paRa P UG CrRaoncl e (ol B et 11 cal
pol ari zat i DA israntiparafieél s thd aiyetiord bf elEbigicalNdottrizatdroih tHé firstyaybrnt HEte QUNPri se

a substrate 45 upon ich the secon | ecirode 44 is 10forpmed.. Under. WV
radtat | cietagor R ey Sty bafpRes SiheTaRcAS G dieh B o darer @ aced
in a bW k foegédin of the ferroelectric thin layer 41 because of the first
electric field 741 acting on photo-induced holes 410 and el ectrons 411 in
the first layer 41. A second electrical 15 or photovoltage output 842 is

produced atnddrel\pirradiationtiiom fiditelbetteal 2@ phbtovbieageesmat SA16s toroduckd én d 742

acting on ot 0-1n ed holes. 420 and gl.ectrons, 421 i.n the p-n_ junction

216 " oD IR T SRS SRt N B TUEERIEE S 6 bt Bep PR B A hR0r o 1

gl i gned, I péreplestainduced hviet 418 ag'urmﬁoﬁﬂ 4ﬂ}1 irmhietfesttiayer &l ﬁAtsrede&i élﬁctfiealt he
otto ectrode 44, the segond el ectrigal -output t her ef Qr.e has sane

ool ariiy, o iSieitass SURUCRRIEFrSuEEh A Fa R TiiRon A pefist Bifie BeCosR The

phot ovol t aglecthly fidiet 242 cictidd onsSprivts-intduodéd ablese42t ahdeslddtions 421 eiat thecprh

out put 841 aﬂd téﬂg second el ectrical output 842. The first photovoltage

out put 84PYIHE"tH& second photovol t age out put 842 thus constructively

contribute to the 25el ectrical or photovoltage output of the photovoltaic

UV detect Oéinég the directions of the two electric fields 741, 742 are generally aligned, preferably

20  with a direction from the top électrode 43 to the bottom electrode 44, the second
electrical output 842 therefore has a same polarity .as the first electrical output 841. The
electrical output of the photovoltaic UV detector 40 is a sum of at least the first
electrical output 841 and the second electrical output 842. The first photovoltage output
841 and the second photovoltage output 842 thus constructively contribute to the

25  electrical or photovoltage output of the photovoltaic UV detector 40.

In an alternative configuration to the second exemplary embodiment, the top and
bottom electrode layers 43, 44 could form ohmic contacts with the ferroelectric thin
layer 41 and the semiconductor layer 42 respectively.

30
In a further alternative configuration, the top and bottom electrode layers 43, 44 form
Schottky barriers with the ferroelectric thin layer 41 and the semiconductor layer 42
respectively, such that the electric field at their corresponding electric energy barriers
“are aligned with the first and seécond electric fields 741,742

35



In an alternative configuration to the second exenplary enbodi nent, the top
and bottom el ectrode | ayers 43, 44 could formohmc contacts with the
ferroel ecWpiI2011¥NPT86| ayer 41 and t he sem conductor | ayer PGZ/SGes®d0Hvel y. 30
In a further alternative configuration, the top and bottom el ectrode | ayers
43, 44 form Schottky barriers with the f.erroelectric thin layer 41 and the
sem conduct or | ayer 42 respectively, sulé’h that the electric field at their
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titani um i FQRLAROXZESTRIIOP(MET)isthen depdumsy oh henel thé Rt &) 32. The precur sor
sol uti is then spin coated on top of the Pt layer 32 on the Ti/Si 02/ Si
waf er Substrate 35, foll owed by drying at 100C and pyrolysis at 430C. After

mul tiple cXeufbepbf fRéiddsInaNbe Y&y Sépbsitahd ridelectritePLAT gt RFet Bi okness,
t he ferroe%'ec ilc PL%ZT-Ih{L]erl aaﬁr 3 isI 35anne§?l ed at, a fi nrz]al t eln'eerature
of 600 to PBOL FRET 1% ifiliAg fhemcd salHiiih GoRUIG Huttelgy. chemical Vapor
2011/ 1297 64dpioditioh28dd /paRed ddser deposition. In an exemplary embodiment, a chemical
solution approach is used for the deposition, in which a precursor solution is first
30 prepared from lead acetate trihydrate, lanthanum acetafe, zirconium acetylacetonate,
and titanium isopropoxide dissolved in 2 mefhoxyethanol (2-MOE). The precursor
solution is then spin coated on top of the Pt layer 32 on the Ti/SiO,/Si wafer substrate

.35, followed by drying at 100°C and pyrolysis at 430°C. After multiple cycles of coating

35 annealed at a final temperature of 600 to 700°C for 10 minutes with a ramping rate of



14 10C/ sec, to obtain a PLZT layer 31 with a thickness of 1.1 pmby the
repeated spin coating process. A conductive oxide |layer 33 with conposition
of (La0. ABoQoB)yi@d8 (LSMD) is then 5 prepared on top of pchscRbdbodibin | ayer
31 by sputtering and patterning using a shadow nask made of silicon. The
deposition of the oxide conductl ve Iayelr 33 is perforned under DC node at
60 Wwith a gas ratio of Ar:02 50: 50 and a working pressure of 3.8 niorr.

After the S|t|on t he 3is neal ed t 650 to 700 C.
The t hi ckng% , {oh@btpigEP téﬁ@ﬁ%é ‘@g‘ ?éh'%'glﬁﬁ Oggd Hh bYAF e{RRCRBT SRRess of
LSMO 10el e@da!tiﬁ@@ro%%sér&y al so be deposited by RF sputtering at 100Ww th a

gas ratio of Ar:02 = 60:100 and a working pressure of 5.5 nforr. The Pt
| ayer 32 is used as the bottomel ectrode 32 and the LSMO | ayer 33 is used

as the topaetggliétedeoxide fléyertiBemftﬁré&ﬁﬂ)c%ﬂtohl 6f ﬁ_la%TSr{,é)wmoaiﬂ’ﬁLSM'@»elé thén 33
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enmbodi nent maék Made ot dilkof NDKE dbﬁodﬁioﬁ ofthe Texidd) EsHdutHR layerd®d & ar%rméa
ferroelectric PLZT | ayer f the bottom el ectrode (Pt) 32
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of 150 kv/ Ebf thickpessofdfp LoMP sler Ireaogheq Bp- & <aens tirkness @ LSMOand

the Ptid aygiectiodiet3s mhRalks bedepdsifeal byRE Spdtideing af ﬂ@tﬁ%ﬁﬁ’&ﬁagaﬂaﬁ draye, 31.
To achi eve the desired electrical polarization direction the positive

termnal of P80 aRd apwprking prsssyneof ﬁr%mao'irs connected 25 to the Pt bottom
el ectrode 32, which is ternmed as negative pol arization. Accordingly, the
el ectri cal rFOI arization 314 in the ferroelectric PLZT thin Ia3yer 31 is

al i gned i nThsBt ByeciniEUsediasdbe LB?P’BS’HWPW’Q% @B ESHP lpygrets 8ised aghe

LSMO | ayerthd3op Sletbdd 88 ahe Mrrdei&:tmmﬁbelei%ﬁcﬁ eP/(BZf Belafe aRBlUsed ds
i ntern%l el ectrl C f| eld, referred to as the f g ectric field 731,
at

exi st sloat MQeeIBEiRal tENBAIS JPr e opprat dlantical Qy@r“t o1 thg UY eriecdr 9ccin from

t he 30LSMOnLiileer strictfe bhthe Bikempldy erBodiment 4fIRRGPS &TsHonlin FRyeg. 31 with the
speci fied conposition and prepared foll ow ng the processing steps and

condi tions described above, electrons rather than holes are the mgjority

- char ge- caré iehdctricati@pdldriBe - the ferroelectnc PLZT layer 31, first, a part of the bottom
PLZT-thin-1a er-r?;é’ttls arrvv- erroel ectric. The- - 35el ectrode | ayer

32 has a wWIPRradgHED: Immay b§ ed by poved-giching PiRsPEhOf @e@{.,Zd'el,ay@rh\gl,th fhe

20  mixed etching solution of HNO; and HF after patterning a spin-coated photoresist layer
with a standard photolithography process. An external electric field of 150 kV/cm is
then applied between the LSMO top electrode layer 33 ‘and the Pt layer 32 to
electrically polarize the ferroelectric PLZT layer 31. To achieve the desired electrical

~ polarization direction 314, the positive terminal of the external eleciric field is connected

25 to the Pt bottom electrode 32, which is termed as negative polarization. Accordingly,
the electrical polarization 314 in the ferroelectric PLZT thin layer 31 is aligned in the
thickness direction pointing from the Pt layer 32 to the LSMO layer 33. After removal of
the external electric field, only an internal electric field, referred to as the first electric
field 731, exists at the bulk region of the PLZT thin layer 31 with the direction from the

30 LSMO layer 33 to the Pt layer 32.

For the PLZT thin layer 31 with the specified composition and prepared following the
processing steps and conditions described above, electrons rather than holes are the

majority -charge-carriers;"and-the -PLZT-thin-layer-31-is~ann-type ferroelectric. The Pt

35 electrode layer 32 has a work function of about 5.1 to 6.0 eV, which is larger than the



WO 2011/ 129766PCT/ SG2011/ 000141 15 work function of 3.0 to 4.0 eV for the
PLZT thin layer 31. Thus a Schottky barrier 316 is forned between the PLZT
t hin | ayewo3d1ianeieshe Pt bottom el ectrode 32, and accor ¢cmgicgora/cs@aond
electric field 732 is established at the space charge region 316 near the
interface 312 between the PLZT |ayer 3Lsand the Pt |ayer 32. The two
electric 5 fields 731, 732 are aligned’in the sane direction along the
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out put 83232.has a sane polarity as the first electrical output 831. 15 The
el ectrical output of the photovoltaic UV detector 30, 50 is a sum of at

| east the first electrical output 831 and the second el ectrical output 832.
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Experimental measurements have shown that the LSMO top electrode 33 has greatly
30 improved transparency for UV light in comparison with metals such as gold (Au). At
least 15% of UV light having a wavelength of 365 nm can pass through a
polycrystalline LSMO layer 33 with a thickness of 200 nm. By contrast, UV light
transmission is below 1% for a polycrystalline Au layer with a thickness of 100 nm in a
~UV detector of the type shown in'FIG™ 2 (prior-art):
35



10 unfavourabl e opposing electric field 733 forned at the Schottky barrier
at the interface 313 between the LSMO top el ectrode 33 and the PLZT thin
| ayer 31.woheiwizoweti ons of the two Schottky barrier el ectrsiceofijoedids 732,
733 being opposite to each other, the observed photovol tage of -0.15 V was
thus mainly fromthe second electric field 732 arising fromthe Schottky
barrier with the Pt layer 32 after ded ing the opposing 15 photovoltage
fromthe u%favourable electric field 733 arising fromthe Schottk%/F barrier
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32 to the LSMO | ayer 33. The first electric field 1in the bulk reglon of
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was negatively poled with the LS top el ectrode 33 as the negative

terminal during the electrical polarization process, the 10 first electric

field2031 Wheh e purk Iéy@ﬂB@ﬂvé%fpdshﬁeﬁLpZﬂéd Wiie thellsmestop | didbirede 33ty thee
second el ectrlc field 732 at the Schottky barrier at the interface 312 with
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(5.1 -6. 3 shérovolthgs elidtorthe UhfavSuraBioppE&iAg Eleafric B 733, t hem nay be used as
the third or top electrode layer 33 to provide a simlar effect as that
provided by the LSMO | ayer 33. 25 For the first layer 31, '‘PLZT may be

repl acgd bywherihe PLZI'BlayfaEB’l %ke@gémﬁéuﬁ@cﬂww.thltmﬁsmtmo efetiede 33RR TtheS,
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in tne%ulk region of the PLZT layer 31 became aligned with the second electric

field 732 at the Schottky barrier at the interface 312 with t the Pt layer 32, both being
35 directed from the LSMO layer 33 to the Pt layer 32. Thus, a significantly enhanced



30 ferroelectric materials but all pyroelectric materials with net

pol ari zation along their thickness direction may be used to replace the
PLZT, inovodong#s®, GaN, which are not ferroel ectric nmeresicabs /o141 WO
2011/129766PCT/ S&2011/ 000141 18 anor phous Si02 | ayer 36 on the silicon
wafer 38. If higher sensitivity is req%gr epi taxial PLZT and Pt filns
can be deposited as the first Iayer 31 ‘and the second Iayer 32 respectively

on sel ecte e sipale cr strates. For exa xial Pt

| ayer withq}%% tage °€%15BV8%'F8 F%{t’? ri’“ﬁé?“t?ef"aﬁe%lﬁ’é‘?"to %ﬂ”%géé?hawg@lll)
ori ented Mgm&spagity s Y&bmsemt _tcﬁolt)ége'imi&phﬂr 832 @MerbyoestisRyanerat i on.
Subsequent | bt@l t axi al T | ayer é* orjientation can be
grown on t tr B9 -to Jpe ek efir)ca' 8f |PBH‘P¥%it3€% ?‘ﬁ&ﬁ‘t ‘Pf R foltaig Y getegtor; he
known thin365®n1dep05|t|on met hods, " i ncl udi ng chem cal solution coating,

sputterjng, chem cal vapor deposition, and pulsed |aser deposition. Wth
t he ep|5t axial quality of the PLZT and Pt, greatly enhanced photovoltage and

10phot ocur skéit cﬁcﬁlﬂopﬁotsamdw cofjud BEthd UVCAstREDH SONOfVIIGH 5t Bifder the three
pol'ycrystal line PLZT random orientation. In a third

I h
exenpl ary He/5at Flgf 'Cgfpoﬁ”ﬁﬁ*éﬁarbﬁe;%%é’l?\élr'&%egeﬁoéﬁ'ﬁ’ﬁb’ PRIPIANCSPRARIVEIN PRIEE, s,

an el ectrigal drasmécaml FEd7 pAhER thef BLZ'D%Iy&CM was hagﬁrveﬁlpdlw/wiﬂetr@rmw@ed to
function as 15 the first |ayer i ntroduci ng

81,
substituti @H&'eqt@ﬂf' valasibe “P%‘H'VP ﬁerfTHréa' é’i“i)%gﬁ]e ‘F'%"Et%/?q{ Qo@f'zqt@éoPr%‘?séoW& e

titanate (fépleckie fldNAY3NM &% BOR rfebuan et tﬁé IIiDZTCIE?ér931 GRS AlRh&d whithf fhest
electric field 781 thus exists or ised in qureg}on of the

p-type ferfONE&ESac faid 132 & e §?th°ttky§ @E@l@heoﬂ?’fa@? 312 Wit e PR t he

first layes2, a'lwu§Cﬁlﬁlgﬁlﬁéaﬁﬂkbhh&\d@ﬂtphbto‘éeﬁé}ﬂdvds%méiﬂ as the bottom
el ectrode 82 having a smaller 20 work function than the first |ayer 81.

Accordingly, a second electric field 782 exists at the space charge region

816 of thepgsdeddik wheattid PLZT Riyef ef a)@lssposw&y pbleatwitl thé LMD fdpadisctrodé and
the second_electric field 782 are %ged in same direction A third |ayer

83 funkti off AY 1A PasitivpieEmiet Ading SHrigas PO IRRIPIORTOSe Sy thea Bist Bfectife 25

first |ayefield¥3PRP®Heibuk r%bi@niﬁmLZ'lahé%r SPwas ap;bckyurﬁg pakedbieaketrickiegt ri cal
pol ari zatign 814 of the first

pr.e ned _i.n di rection
fromthe tbif & é@?r%ﬁﬂé’tt@s ttaé”qr tyHlﬁ ﬂ’HFﬁf%qee@ﬂ% g‘ é%e aFlthgV%r dér é@‘f‘?'oﬁ of
the first gbmﬁégm réduebd pf&dcirferdMak RBtaAdde ! to the direction of electrical
pol arization in the first layer 81. The UV detector 80 nay further conprise

a substrate 85 upon which the second el ectrode 82 is forned.
20  Many other metal oxides, including indium-tin-oxide (ITO) (4.3-4.7 eV), SrRuQO; (SRO)

(4.6-5.0 eV), (La,Sr)Co0O; (LSCO) (4.65 eV), (Sr,Ru)O, (4.25-4.75 eV), IrO, (4.23 eV),
and Nb-doped SrTiO; (Nb-STO) (4.2 eV), have smaller work functions than the Pt layer
32 (5.1 -6.3 eV). Therefore, it is envisaged that any of them may be used as the third or
top electrode layer 33 to provide a similar effect as that provided by the LSMO layer 33.
25
For the first layer 31, PLZT may be replaced by many other ferroelectric compositions,.
for example, PbTiO;, Pb(Zr,Ti)O,;, BaTiO;, Pb(Mg,Nb)O;, Pb(Zn,Nb)Os, Pb(Ni,Nb)O;,
LiNbO;3, LiTaO3, (K,Na)NbO;, BisTizO42, BiFeOs, and (Ba,Sr)Nb,Os. in addition, since all
pyroelectric materials could have polarization along their polar axes, therefore not only
30 ferroelectric materials but all pyroelectric materials with net polarization along their
thickneés direction may be used to replace the PLZT, including ZnO, GaN, which are

not ferroelectric materials.

The Pt layer 32 and the ferroelectric PLZT layer 31 in the embodiment of FIG. 5 are

35 polycrystalline with random crystallographic orientation since they are deposited on the



30 Under WV irradiation 11, a first photovol tage output 881 is produced in
the bulk of the ferroelectric thin |ayer 81 because of the first electric
field 78lwechimgoma phot o-i nduced hol es 810 and el ectromreT8&2011m041ae first

| ayer 81. Likew se, a second electric output 882 is produced at the
Schottky barrier at the interface 812 thause of the-second electric
35field 782 acting on photo-induced holes 820 and el ectrons 821 in the
Schottky barri er 011/ 129766PCT/ SG2011/ 000141 19 816. Since, the

directi onsa'BPrpgﬂiés %%@feé@%rof‘éh? PilgQavaign 38. Tigyahar seqsitiiydyireagired er abl y wi th
a directi ogpifakiaMPLITE aR® Pt sl Gelde@Bsifdd dsthé het fa9er B &6d thedecshd Ia?é?e

second el eg%ri cal output 882 therefore has g sane EOl arity as the first

el ectri cal SoRSPEELVEY PN spireted pxige $ingie SUSHA sRstainspLier BEMPh&Pitwdal Fécond

phot ovol t aggeraMttUD0 B84 1 a1 )riehtaSiod aghRdiepBsif@icort @00 PBE {114 §-tdriéAted MgO
contribute to the photovoltage output of the photovagltaic UV detector 80.
In a f&rtﬂ”@?éﬁﬁ%?x&bséﬁfo@f gﬁéﬁtﬁ"ﬁqp°'i%'ée?iﬂ&f’65%?¥%{l-§“ HepBe ety as

shown in FPIGZT Ryedwith (10DY6CHH OyorihEatioadak Be GRIWIESH iHENO@NoE186}-lorieAtelY

pol ari zed ntxge ferroelectric 10 fi|l mfun thnlngﬁﬁggthe first layer 91
contacts atPiigxe) Peaxinbyamuefdhe knewtin ¥ 4%@03@0'? thods JRefuding shemisal A
first el ecédlitonfdoatisl, 6Bdttdringscriniiea dEperdepbsition, dndl pu@Bdseedepdsitnbul k

regi on of WJe I;])-t pe. Ierr_oel ect |§ thin layer 91. A second electric field
793 oxi st Wi theeriiaxist Uy ofiine REZT ad Bt créatlenpantes Protrolgoq 1 p- n
junctimn. ghdtbdur@nt et A3 betbtded ArcdRBaAsorAwithbasos cBistdie FliaTsdnd ayer 91
opposite t%e second | ayer , 92. The third 15 layer 93 functions as a first or

top el ect rlold8Y&s8 hayng giiprdem quetatien- f uncti oni ng as a second or bottom
el ectrode 94 may be provided on a surface of the second | ayer 92 opposite
the first layer 91. Electrical polarization 914 of the first layer 91 is
pr ef er abl y'”a%l ﬁUﬂé&fe'i"H'aéY B’F"P%@lmeghdf% Bﬂ?t?@?tﬁﬁeu‘( GﬁteéFoéépraéoEZ‘OQ@ D 5161
bo: tom e: le@r’ls é{é@ﬁi{cﬁlﬁﬁ pdlbﬂiie?_ ﬁl'typ@?rteirleéle?fi_c ﬂd}iﬁr Bit lrrﬁéy Bk ?ﬁéddc_@d ftd't> ﬁlhrﬁt];i_aﬂﬂats,i Is
anti para 0 e direction el ectrical polarjzation in e firs ayer
91. The th?‘aeftrétclaéi?r gb ﬁ’éf"?ﬁ?pfemé’ry ERBYGING Sgb%'ﬁfﬁ@f‘%a'f’é’ YenGSo IR BR t he
Sﬁc?nd lo[ &:%tbp{&tte{a&gtléi@ﬂQir&%aieStithétge(@ZT ,&szﬁt h_sziefr?QIﬁ] ﬁidj&{ly Lharga first
phot ovol t age .ou 1 i.s.produced in a bu region o e p-type
ferroel ect "‘Irﬂerﬁhg%"?t r'@ﬁgﬁggid%@ B¥IstE 198 15 PorEprIseddR & pulk f‘?ﬁ‘?'@%‘f Ricti ng
on phot o- i fge FeFodstt@s tH (ayan @1 AeSEHoURS bAkrierii® féredl Whéer tHealiRt Idr 8A
second phot ovol tg@e OUteELft 892 E‘s Ergduc d at the E%qr}geun tion 916 because
of the sectPs ¥h A etgl segordpygc 87§ 1R Botigioele & hariag smatgig
el ect rans W&k fuRctioRahsn thd firsclayes 9 e cordthgly, a second electric field 782 exists at

the space charge region 816 of the Schottky barrier. Preferably, the first electric field

781 and the second electric field 782 are aligned in a same direction

A third layer 83 functioning as a tép electrode 83 may be formed on a surface of the

25 first layer 81 opposite the second layer 82. In this embodiment, electrical polarization
814 of the first layer 81 is preferably aligned in a direction from the top electrode 83 to
the bottom electrode 82, while direction of the first electric field 781 is antiparallel to the
direction of electrical polarization in the first layer 81. The UV detector 80 may further
comprise a substrate 85 upon which the second electrode 82 is formed.

30

Under UV irradiation 11, é first photovoltage output 8V81 is produced in the bulk of the
ferroelectric thin layer 81 because of the first electric field 781 acting on photo-induced
holes 810 and electrons 811 in the first layer 81. Likewise, a second electric output 882

is produced at the Schottky barrier at the interface 812 because of the second electric

35 field 782 acting on photo-induced holes 820 and electrons 821 in the Schottky barrier



Since the directions of the two electric fields 791, 792 are aligned,
preferably with a direction fromthe bottomelectrode 94 to the top

el ect r odew®3p1ttherssecond el ectrical output 892 theref or echas2eu1/08@3e
polarity as the first electrical output 891. The first photovol tage out put
891 and the second photovoltage output-892 are thus aligned so' 35as to
constructively contribute to the photo tage out put of the photovoltaic UV
WO 2011/ 129766PCT/ SG2011/ 000141 20 detector 90. _Since e metal oxide
[erroel ect H16 Mg ATerIoRRg! e Gifo e, (2T laladeBigabK pebed 1 o

t he i nci deatdirkbfioni fegM tHelGdaP eRcHdRDB2 itd thel th%llerctﬁdﬂéi%B Y decomdlbrtiriea, the
5 photovoltaic UV detector can have an i nproved stability over a long tine

and under PYWPEL8$2 Ehergiorer hagyp a"‘taﬂl?npo'?ﬂtb’sasnﬁﬁefg s ?'egtﬂF@aﬂHt@’tf%‘ﬂ dbatfirtuous

noni t ori ngprwtowagé ba@uasaoan@fmé Moharpﬁ@tdvﬂltégé%dtﬂutm éi@&ﬁ@seawghéa Woenment
over a Iong 6er| descri bed above, in ferred exe

enbodi ment 8 49 qq'?é”%'&ﬁ?'éﬂv%ﬂ”ﬂ%ﬂ%e % the M@’@ftﬁe @th”ﬁd’f e R ng‘@t't?\?euv

phot ovol t agigtectbf 88t fromthe bul k of the dielectric thin [ayer 31, 41 and
its interface with the second |ayer 32, 42 leads to significant inprovenent
in the electrical output of the U detector 30, 40. As an insulating

nmaterial, InhefouftheRehBEF éfibddment &lh@bﬁaommwwé@@t&Igacasrghgwh in FrR&dance.
These features can | nprove the circuit driving capability of t

phot ovol t aPc® BN HBEWR: B aaf beytprmes whea %h@?ﬁU%"V&O@"W (Bett’%‘f‘:f%%'e&g'c

descrified RRONACERNIRY 8 fheaferh @rvgi ba@@c@rarehwaeré&ﬁbormekwtfumyoﬁhhﬁ%t ly
converting the received energépl nto electricity, thereby having

si gni fi cantheREFaRt éfgsgg%v/érfr%teﬂ?&"'W' &b already QXisty,) Ok iSeRAMRISER ihRas i s

required fgulk RfGrodA thE p-tyde f&ﬂoe@bmbehmTéyes 91'1 e@%e&&& Sleddé 1idl§ bakists or
desirabl e for 20continuous WV nonitori nq € neasurenent over a

speci fi ed B&CMBESet at theesPass eharge degian & éhec B ”ﬁP@%QFeAttW@ |8t 8% B1ai ¢ LV

det ectors B fateRardig dufFhey ef ﬁHeSﬁ}sthI%y@r @ﬁbbscssnéttablsbb&rw Lapd,egzcnm tHidous
and intensjive UV irradiation, so be suitable for producing

phot oVl t aP¥eNRP ditctiersoAs aaErébPa.t%elestr?#e%résfe%h 'ae/@ér?fhfaﬂctperng as a
25cont i NUOsksHoMd R Biottermi diébtiode @ZSmH? bENrbvidetbital QUffadd éf GRSSIR/NIBARH D@MENT

over a lon
gpposute the first layer 91.

Electrical polarization 914 of the first layer 91 is preferably aligned in a direction from
20  the top electrode 93 to the bottom electrode 94, while direction of the first electric field
791 is antiparallel to the direction of electrical polarization in the first layer 91. The UV
detector 90 may further comprise a substrate 95 upon which the second or bottom

electrode 94 is formed.

25  Under UV irradiation 11, a first photovoltage output 891 is produced in a bulk region of
the p-type ferroelectric thin layer 91 because of the first electric field 791 acting on
photo-induced holes 910 and electrons 911 in the first layer 91. A second photovoltage
output 892 is produced at the p-n junction 916 because of the second electric field 792
acting on photo-induced holes 920 and electrons 921 in the p-n junction 916.

30 | '

Since the directions of the two electric fields 791, 792 are aligned, preferably with a
direction from the bottom electrode 94 to the top electrode 93, the second electrical

output 892 therefore has a.same polarity as the first electrical output 891. The first

photovoltage output 891 and the second photovoltage output 892 are thus aligned so

35 as to constructively contribute to the photovoltage output of the photovoltaic UV



period. Whilst there has been described in the foregoing description

preferred enbodi nents of the present invention, it will be understood by

t hose skiwbeditimotéhe t echnol ogy concerned 30t hat nmany vaCTraG2ensoon

nodi fications in details of design or construction nmay be made w t hout

departing fromthe present invention. CLAIMS 1. A photovoltaic W

detector configured to generate a el ecttlical output under UV irradiation,

t he photovoltaic UV detector conprising: a first layer conprising an

electrical&ve%8ﬁ%9ized dielectric thin layer configured to generate a first

el ectrical output under the UV'irradiation; and a second | ayer

configured_ to forman el ectrical energy barrier at'aq I nterface between the
Rleetdsy T g

second | ay@icadle mrrlal pyide fer. laysr fodethg: lopaclegirasisathal & ety

oult put t Ung%)(po%f)ﬁ téJ]:tﬁé lr{cﬁiérﬁUit\Dﬁbht Ithlaee ig@@?ry&%tﬁlt;em? bir?ﬁ{deﬂ?&l\pwiadth?iuh{l&fﬁ same
polarity 10as the first electrical output, e electrical output o e
phot ovol t aPROIQYPIRiE LY d5tedit; 538 heve A ts*F)praqu %@E‘ﬁtyt??’é’r@i lPag tigeaand Hpdgr

out put andintdgivé egVNEra@laB6h.r ThiIB! maké W suitableTier pbtiNABOS tdritokilvg dstt Bt or  of
claim1l1, wherein ﬁ first electric field conprised, in tqe first layer is
ant i par al | §RdREO,hayinglargejptenpites ?W&%W%P’&M%&PY%@ PPO PEO% i rst | ayer .
15 3. The photovoltaic UV detector of any preceding claim wherein the
first layer i el ect r'éc hot ?vol taic ' det ect or

of ol ai m 3 AReTERY BRUS.ntas PrYEed peropla STERMIEBRSS Hhe HReIOY QT O The
phot ovig) t adétediyr 3B ESistrattivRPhoRiveR&IE ieffgctdlom fRe BUK 6ftAE drRIBETd tinNeyesr third
tho first ThyRrendis RRSGEUH i sepers eyReT M EAdR) SR SERHGTEGHPIGaHEd o
function apeaclettricdl SoPLEQF rthdeuUV detector 30, 40. As an insulating material, the
ferroelectric layer 31 also has a large electrical impedance. These features can
improve the circuit driving capability of the photovoltaic UV detector 30, 40.
15
The photovoltaic UV detectors as described above generate a photovoltage or
electrical -output by directly converting the received UV light energy into electricity,
thereby having significant advantages over other UV detectors since no electrical bias
is required for operation, in principle. This feature is particularly desirable for

20  continuous UV monitoring or UV dosage measurement over a specified period of time.

- The materials used to prepare the photovoltaic UV detectors as described above also
have better stability under continuous and intensive UV irradiation, so as to be suitable

for producing photovoltaic UV detectors according to the present invention for

25  continuously monitoring intensivé UV irradiation and dosage measurement over a long

period.

Whilst there has been described in the foregoing description preferred embodiments of
- the present invention, it will be understood by those skilled in the technology concerned
30  that many variations or modifications in details of design or construction may be made

without departing from the present invention.



6. The photovoltaic UV detector of any preceding claim wherein the second
|l ayer is a netal |ayer and the electrical energy barrier is a Schottky
barrier. 8w0%o011Mherephot ovol tai c UV detector of claim6 wpensdepandent on
claim5, wherein the third |layer is a conductive oxide |ayer having a
smal l er work function than the nmetal |3gyer, and wherein electrical
polarization in the first layer is directed fromthe netal |ayer to the
conductive oxide layer. 22 conprises (La, Sr)M03. 9. The photovoltaic W
detector oFLRIME m 7, wherein the conductive oxide | ayer conpri ses
indiumtin oxide. 5 10. The photovoltaic UV detector of any one of clainms 6
to 9, wherein the first layer is an n-type material and the netal second
layer has & vopheteveHeieilbndetaetgesonfiagiedin gengsple & elpeticalpulput upderti\ st | ayer .

1011. The ph%é&(éliohafhﬁ pHMto@@ﬁa@&Uvrde@éct&' h‘%ﬂﬁsﬂﬁ , Wherein the netal |ayer
has a work function-larger than éﬂﬁhotovoltalc UV det ect or

devi ce of any ofntérsbhayen ERsisEmatan qqctwf?ém palapzatidinlectsa tin Javer sonfigheaddpn t he

ferroel ectri eﬁ&'afbgﬁrlsffélﬁgtﬁpél'o%ﬁﬁjt (FderlsRd (¥rinddidfbd: an®@ 13. The photovoltaic
UV detector device of clarm 12 when dependent on claim8, wherein the

ferroel ectric thFecoNdiiaensanfigusshiodaim A alesticalrmemsy hariersy ezigieracs 0. 48) 03
and the met a'be{v@é%rth&%ﬂ?fnb?f%%rghd ik |a>Ba%oréla%gmrét%lacséé\éné%te%ﬁkgr devi ce

of any one of clains wherein the netal is an epitaxial thin

film 15. Theupwbredestheiy inadiationetheseceard sleeirieal oyinyt Badnge samainelaryy t o 13,
whereip the Rt firsBYEErikal oBPLY Ehey SibatitaIBitpul 8f the photovoltaic UV detector

being a sum of at least the first electrical output and the second electrical output.

2. The photovoltaic UV detector of claim 1, wherein a first electric field comprised in
the first layer is antiparallel to a direction of electrical polarization in the first layer.
15 -
3. The photovoltaic UV detector of any preceding claim, wherein the first layer is a

pyroelectric layer.

4. The photovoltaic UV detector of claim 3, wherein the first layer is a ferroelectric thin
20 film.

5. The photovoltaic UV detector of any preceding claim, further comprising a third
layer formed on a surface of the first layer opposite the interface between the first
layer and the second layer, the third layer being configured to function as a first

25 electrode.

6. The photovoltaic UV detector of any preceding claim, wherein the second layer is a

metal layer and the electrical energy barrier is a Schottky barrier.

30 7. The photovoltaic UV detector of claim 6 when dependent on claim 5, wherein the
third layer is a conductive oxide layer havihg a smaller work function than the metal
~ layer, and wherein electrical polarization in the first layer is directed from the metal

layer to the conductive oxide layer.

35 8. The photovoltaic UV detector of claim 7, wherein the conductive oxide layer



16. The photovol taic UV detector device of any one of clains 6 to 15 when
dependent on claim5, wherein the ferroelectric thin filmis

pol ycr ystwbl2onei29766 17. The photovol tai c UV det ect orcasez2er/oasi4c! ai med
in 6 to 14 when dependent on 30claim4, wherein the ferroelectric thin film
is an epitaxial thin film 18. The photgvoltaic UV detector of any
preceding claim the second | ayer bei n&%confi gured to function as a second
el ectrode. WD 2011/ 129766PCT/ SG2011/ 000141 23 inert netal that is stable
under UV i rr §8MRIFSHLa50OMrfe phot ovol tai ¢ UV detector of any one of clains
1 to 5 wherein the second Iayer corrpri ses a sem conductor |ayer and the

el ectrical_energy barrier I| unctl on barrier., 21. The photovoltaic
UV det ect o dfeengionpiiaic Uylﬂe{q%qroés i syhgein tF%G?'?CWCF“é%/%’Fd? lBY8ont act with
a surface of cbhpris@CAddmliy®lideopposite the interface between the first

| ayer and the second | ayer, the fourth | ayer being configured to function
as a 10second el ectrode. 22. The phot ovol tai ¢ UV detector of claim 21,

wher ei n t hey. frine phoRNEiEdic gvejetévtdr&)faﬁy BheTbCelISiRRicAeto, thha.rtthef‘rstwer lsayer and
the second el ectrode forms an ohmic contact with the second 15 23.

The phot ovol BAiNclYRR/Mpdariadanst thermetpkaesPnd lavghaasea Woﬁklﬂé”‘ft'iof‘é"’lrg%r é@’ﬂ isde for ms

a first Schotyokysupstion @frthyw.,tsﬂapé}e first layer and the second el ectrode
forms a second Schottky barrier with the second | ayer. 2024. The

photovol taic W detector of claim 23, wherein an electric field conprised

i n thef i r et The pabloyitdi@ UV e ctitdf BRI €8, wHebeih t] MePRPEd et Workt he second
Schottky barrier. are aligned with the first electric field and wth the

second el ect fynetien largerthan 5eV. 55 The photovol taic UV detector of any one
of clainms 20 to 24 when dependent on 25claim5, wherein the third layer
conprises g netal ﬁ%hOt ovol taic UV detector of any one of

clains 20 1% 18 RWH@HO'EPéCpHHcﬁéFﬁCtQS ¥icg ohpmy O%Q‘r%ﬁ”ﬁstﬁﬁe 1 whep&legepdsnt t hin
filmconprises cinte dhefdii the ferddidotricTiht mMQioﬁthé@(Fib Ly@atyest or of claim

18, 19 or any one of clains 22 to 26 whe
13. The photovoltaic UV detector device of claim 12 when dependent on claim 8,
wherein the ferroelectric thin film has a composition of (Pgg7La0.03)(Zros2Tio.48)O3

and the metal layer comprises Pt.

20 14. The photovoltaic UV detector device of any one of claims 6 to 13, wherein the metal

layer is an epitaxial thin film.

15. The photovoltaic UV detector device of any one of claims 6 to 13, wherein the metal

layer is polycrystalline.

25
16. The photovoltaic UV detector device of any one of claims 6 to 15 when dependent
on claim 5, wherein the ferroelectric thin film is polycrystalline.
17. The photovoltaic UV detector device as claimed in 6 to 14 when dependent on
30 claim 4, wherein the ferroelectric thin film is an epitaxial thin film.

18. The photovoltaic UV detector of any preceding claim, the second layer being

configured to function as a second electrode.

35 19. The photovoltaic UV detector ef claim 18, the second electrode being made of an



dependent on claim 21, further conprising a substrate upon which the second
el ectrode is fornmed. WD 2011/129766PCT/ SG2011/ 000141 24 configured to
gener at e wofwriswbect ri cal out put under the WV irradi arcenscensdodid)

provi ding a second |layer configured to forman electrical energy barrier at
an interface between the second | ayer d the first |layer so as to generate
a second el ectrical output under the Irradiation; such that the second
5el ectrical output has a sane polarity as the first electrical output and
the el ectri calebRefithabis stahle prdsr Jolmedieion)y detector is a sumof at |east
the first electrical output and the second el ectrical output. 29. The

nmet hod of claim 28, wherein step (f ) conprises._depositing the dielectric

a
thin 101 ayé¥ 168 p[hﬁg)vgléqgchy defgrdor of 3Ry ore atelpineal oyd, MHREFN thermgepndlayer
diel ectric thpmphisees sRBndubddr Idyer bh8 thetdiB&fiddl enérg§ lblrreP Y b-m§GndtiBnt he
dielectric thin layer has a sane direction as a second electric field
conpri sed i nP8A¥Tel ectrical energy barrier at the interface between the
dielectric thin layer and the second |ayer. 1530. The nethod of claim 29,
further conprising depositing a conductive oxide |layer on the dielectric
thin | ayer Eﬁrﬁh@,phpgpvght%%pr\/i Qegqqtcg; 95 6leip 29 ighenromarisinga feurth teminl ayer, the
conductive OxoARcl Wires sfadebitnd sdcdhd RlyREbpHiRe thedhterfABEbEREBRA thedfrs@nNy One
of clainms 28 to 30, further conprising introducing 20substitutional |ow

val ence i ons 13%¢r 8Re the secerd fayer the faunthyjpver being stiigeeddo funclioagipel ectri ¢
thin layer. sdéondldlgctridehod of any one of clainms 28 to 31, wherein step (b)
conprises depositing a netal layer as the second | ayer on a substrate, the
netal |ayer being a second 25el ectrode.

22. The photovoltaic UV detector of claim 21, wherein the first electrode forms an
ohmic contact with the first layer and the second electrode forms an ohmic contact
with the second layer.

15 '

23. The photovoltaic UV detector 6f claim 21, wherein the first electrode forms a first

Schof(tky barrier with the first layer and the second electrode forms a second

Schottky barrier with the second layer.

20  24. The photovoltaic UV detector of claim 23, wherein an electric field comprised in the
first Schottky barrier and an electric field comprised in the second Schottky barrier

are aligned with the first electric field and with the second electric field.

25. The photovoltaic UV detector of any one of claims 20 to 24 when dependent on

25 claim 5, wherein the third layer comprises a metal oxide.

26. The photovoltaic UV detector of any one of claims 20 to 25 when dependent on

claim 5, wherein the ferroelectric thin film comprises a metal oxide.

30  27. The photovoltaic UV detector of claim 18, 19 or any one of claims 22 to 26 when
deben_dent on claim 21, further comprising a substrate upon which the second

electrode is formed.

28. A method of forming a photovoﬁé‘it? UV detector, the method comprising:

35 (a) providing a first layer comprising an electrically polarized dielectric thin layer



33. The nethod of claimany one of clains 28 31, wherein step (b) conprises
depositing a netal |ayer as a second el ectrode on a substrate, and

deposi ti lyoaosenpwenduct or | ayer as the second | ayer onpchsGaetiaboi4ayer. 30
34. A WV detection nethod conprising: exposing a photovoltaic UV detector
to W irradiation, generating a fi rs4el ectrical output under the W
irradiation in a first layer of the photovoltaic UV detector; 35generating
a second el ectrical_ output under the UV .irradiat 'é)n at Hgn el ectrical

. I ] .
PCT/ SG2011/ 000149°igyr£919 9¢pey? j elegiiqa oyt Yndes the WX irggaiatian; aRd o med

at an interfagy petidrea édtend ldyet cdrfigiedad torim srESedtfcdl ayeigy Barridi@t an
phot ovol tai c UV det cggg t he second, el ectrical oqutput having a sane

polarity as the f eenitas pecsn Ryer angh thedishiawss sSa @S IRRICralge 1 i r st
el ectrical outpugecdhd eldtficaPspet uRLEChE INAIradiation isubi tHap thetiéeendn '
el ectrigcal output of the pphot ovol taic, UV de%ec_tor as. a 'reFE)resent ation of
amount bf UV irr&lgrtgeal @ytput has a same polarity as the first electrical output and the

electrical output of the photovoltaic UV detector is a sum of at least the first

electrical output and the second electrical output.

29. The method of claim 28, wherein step (a) comprises depositing the dielectric thin
10 layer on the second layer, and electrically polarizing the dielectric thin layer such
that a first electric field comprised in the dielectric thin layer has a same direction as
a second electric field comprised in the electrical energy barrier at the interface

between the dielectric thin layer and the second layer.

15  30. The method of claim 29, further comprising depositing a conductive oxide layer on
the dielectric thin layer prior to electrically polarizing the dielectric thin layer, the

conductive oxide layer being a first electrode.

31. The method of any one of claims 28 to 30, further comprising introducing
20 substitutional low valence ions in the dielectric thin layer to produce a p-type

dielectric thin layer.

32. The method of any one of claims 28 to 31, wherein step (b) comprises depositing a
metal layer as the second layer on a substrate, the metal layer being a second

25 electrode.

33. The method of claim any one of claims 28 31, wherein step (b) comprises
depositing a metal layer as a second electrode on a substrate, and depositing a
semiconductor layer as the second layer on the metal layer.

30
' 34. A UV detection method comprising:
exposing a photovoltaic UV detector to UV irradiation,
generating a first electrical output under the UV irradiation in a first layer of the
photovoltaic UV detector;

35 generating a second electrical output under the UV irradiation at an electrical
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25

energy barrier formed at an interface between the first layer and a second layer of
 the photovoltaic UV detector, the second electrical output having a same polarity as
the first electrical output; and
summing at least the first electrical output and the second electrical output to
produce an electrical output of the photovoltaic UV detector as a representation of

amount of UV irradiation.



