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of generating an i nage. BACKGROUND The demand for
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( PA)THieN IS8 il Eior ErEREs ERfadiynﬁggl%térﬁnt%ﬂﬁélin?z%otoclletctector

expected to continue to grow I'n the years to
array adtp amethrd @fpecryating an imagepackgr ound t hat the
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el ectrodes of the respective pairs; and el ectrical

circuit for detectingphoto-assisted quantum tunneling
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deblcBS IWRER iRforbBfitd ESMGsThd, Y BudtRidsS embedded cameras in personal
computers (PCs) and especially in notebook PCs, or in automotive rear view
cameras, together with the ongoing boom in camera phone and personal assistant
(PA) devices, the demand for imaging sensors is expected to continue to grow in the

years to come.

it is with the knowledge of this background that the present invention has
been made, and example embodiments of the present invention seek to provide an
alternative image sensor and a method of generating an image in view of the

ongoing and increasing demand for image sensors.

SUMMARY

In accordance with a first aspect of the present invention, there is provided a
quantum tunneling photodetector array comprising an array of pairs of opposing first and
second electrodes; a photo-sensitive insulating material disposed between the opposing
first and second electrodes of the respective pairs; and electrical circuit for detecting



A separation di stance between the first and second
el ectrodes may be substantially fixed. The opposing
w0 2008078800 second el ectrodes nmay be supported RPEI/&G2007/000433
first substrate and a second substrate respectively.
The insul ating materi al may 2be di sposed between the
first and second substrates. The insulating nmateri al
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The insulating material may comprise a solid state material.

The solid state material may comprise one or more of a group consisting of a
dielectric material, or a doped heterostructure double well barrier such as AlGa;.
As/GaAs/Al,Ga; As.

At least one of the first and second substrates may be transparent.

The photodetector array may further comprise spacer elements maintaining the

substantially fixed separation distance and between the first and second electrodes. -

The spacer elements may further maintain a parallelism of the pairs of first and

second electrodes.

The spacer elements may be formed as separate solid state material spacers or

are incorporated into the photo-sensitive material.



respect to each other. The electrical circuit my

conprise individual electrical connections to the
webmonrssode wires of the first and second sets.PdheG2007/000433

electrical circuit may further conprise a nultiplexer

conponent for de nmultiplexing electrical signals from

the first and second sets of electrode wires for
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The electrical circuit may comprise individual electrical connections to the pixel

electrodes of the first and second sets.

- The electrical circuit may further comprise a source for applying a potential

difference across the first and second opposing electrodes.

In accordance with a second aspect of the present invention, there is
provided a method of generating an image comprising using a quantum tunneling

photodetector array as defined in the first aspect.

In accordance with a third aspect of the present invention, there is provided a
method of generating an image comprising the steps of detecting photo-assisted
quantum tunneling currents between opposing first and second electrodes of respective
ones of an array of pairs of the opposing first and second electrodes; and generating the



Figure 1 shows a schematic plane view di agram

illustrating a quantum tunnel i ng phot odetector array
wa@ewonisng t o an exanpl e enbodi nent. Figure 2 BCIDY62087/000433

detail of the quantum tunneling photodetector array of

Figure 1. Figure 3 shows a gchematic cross-sectional

vi ew of the quantum tunneling photodetector array of
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enbodi nent. Figure 5 shows an exanpl e plot of quantum

tunneling current as a function of potenti al
difference, illustrating a conparison between
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chart illustrating a nmethod of generating an inmage
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PP Figure 6 shows a flow chart illustrating a method of generating an image

according to an example embodiment.

DETAILED DESCRIPTION

Figure 1 shows a plane view of a quantum tunneling photodetector array 100
according to an example embodiment. The array 100 comprises a first set 102 of
electrode wires here in the form of nano wires e.g. 104. A second set 106 of
electrode wires in the form of nano wires e.g. 108 is disposed at about 90° with
respect to the first set 102, thus forming a cross-grid of nano wires. The nano wires
e.g. 104, 108 of the first and second sets 102, 106 respectively are disposed with a
fixed separation distance therebetween, i.e. the sets 102 and 106 are at a fixed
separation distance along an axis perpendicular to the plane of the drawing in
Figure 1. Out of many possible fabrication processes for the formation of nano wires



description of exanple fabrication techniques suitable
for use in exanple enbodi nents of the present
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provi ded, and are electrically interconnected into
i ndi vi dual ones of the nanogMres e.g. 108, 104 of the
second and first set 106, 102 respectively. The
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second sets 102, 106 for detecting photo-assisted

guantum tunnel i ng currents between the opposi ng
secfluonsg obwt tve Figars 2niwhich shows 208etail (of the quamtum tunneling
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a nol ecul ar wre crossbar network ( DEMUX) Uni t ed
States Patent 6,256,767 for description of an exanple

mul rhel fe&ficdl sl dnfporelts 110, 112 are additionally configured to
function as a multiplexer for de-multiplexing electrical signals from the nano wires
e.g. 202, 204 of the first and second sets 102, 106 for detecting photo-assisted
quantum tunneling currents between the opposing sections of the nano wires e.g.
202, 204 at the projected cross-points of the cross-grid. are understood in the art,
and will not be described herein in more detail. Out of many possible multiplexer
components and techniques for interrogating a network of sensing lines in a cross-
grid arrangement, reference is made to for example P.J. Kuekes, R.S. Williams,
Demultiplexer for a molecular wire crossbar network (MWCN DEMUX) United States
Patent 6,256,767 for description of an example multiplexer components and

techniques suitable for use in example embodiments of the present invention.



techni ques suitable for use in exanple enbodi nents of

the present invention.Details of the operation of the
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reference to Figures 3 and 4 . Figure 3 shows a

cross-sectional view of thegquantum tunneling
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subttatted to quartz, sapphire transparent oxides (TOX),

sem conductor materials such as silicon or insulating

or sem conducting oxi des. The choice of material can

aI san ctap eaxhnaple t &rabodilevg nthewaraasengtth sobstiatieer3n, . 308 can

d h t hat . rrb
copPS oo, S LA VRS CoPERE T b Bl rpsparen
mdierials aan be usdd|in diffetent énitiodinegrits viacladiegghut nodtippited to quartz,
i nf R
sobPit ot 3168 Tk} oA e b a5 gjoon o
insluizting @n semicopdctingap@ie30 T hemlcel qf rmatenalmecalso depend on the
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An insulating material 308 is disposed between the substrate 302, 306, in the

‘fixed separation distance gap between the first and second sets 102, 106 of nano
wires. The insulating material 308 is chosen to have photo-sensitive properties,
more particular the material 308 is chosen such that photo-assisted quantum
tunneling can be achieved between the nano wires of the first and second sets 102,
106 at opposing sections of the nano wires e.g. 300, 304 at projected cross-points

e.g. 310 of the cross-grid.

Figure 4 shows a detail of Figure 3. In operation, photons 400 entering the
photo-sensitive material 308 interact with the photo-sensitive material 308 to
achieve photo-assisted quantum tunneling 401 between opposing sections 402, 404
of nano wires 300, 304 of the first and second sets of nano wires respectively. As

described above with reference to Figure 1, the electrical circuit components e.g.



Figure 4 shows a detail of Figure 3. In operation,
phot ons 400 entering the photo-sensitive material 308
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achi eve phot o-assi sted quantum tunnel i ng 401 between
opposi ng sections 402, 404 eof nano wires 300, 304 of
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t he quant unne etector arra
anblage@pgctgaihlswabmwgg aqre un@erg@oqslpem art) asflgwill not be

defrbe8$etdlf iferd/dsisief ood in the art, and will not be
described herein in nore detailed. Returni ng now to

Figure 4, the photo-sensitive material 308 in the
RefufARg! ﬁoﬁ”fbothd'ﬂ?éu CHe pRORS-ssRitivBi RlaterldPVBDEENin theé example
emvl\)/loldllmebn% cgrﬁ) %E)r%%lngé t(?uolt rIllzzl)twe(\j/eI fltemrnﬁ rt])te a%pretcuated that different photo-
sensitive materials can be used in different embodiments. Furthermore, the photo-
sensitive material 308 may be a soft matter material, or a solid state material in
different embodiments. Examples of suitable photo-sensitive materials include, but
are not limited to, thiols, self assembled monolayers (SAMs), organic solvents,
perfluoropolyether (PFPE), or solid state materials such as a doped heterostructure
double well barrier such as Al,Gai.,As/GaAs/Al,Ga..As or dielectric materials as used
in Resonant Tunneling Diodes (RTD), see for example H.Mizuta and T. Tanoue, The
Physics and Applications of Resonant Tunneling Diodes, Cambridge U.P., 1995.
The deposition of such photo-sensitive materials is understood in the art, and will

not be described herein in more detail.



sensitive materials can be used in different

enbodi nents. Furthernore, the photo sensitive nateri al
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material in different enbodi ments. Exanpl es of

sui tabl e photo-sensitive makerials include, but are
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hot o-sensitive material 308 is a solid state
material, the separation distance can be kept fixed
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pairs of the opposing first and second electrodes are detected. At step 604, the image is
generated based on the respective detected photo-assisted tunnelling currents between

the opposing first and second electrodes.

The example embodiments described have applications as image sensors in
various optical devices, including, but not limited to, camera cell phones, camera PA
devices, digital still cameras, digital video cameras, embedded cameras in PCs,
automotive rear view cameras or night vision cameras. The example embodiments
can provide image sensors with operating voltages suitable for hand-held, battery
operated devices, for example in the range from about 0 to 25 volts, and with low

power consumption, for example in the milli Watt range.



Figure 6 shows a flow chart 600 illustrating a nethod

of generating an inmage according to an exanpl e
wendodissent . At step 602, photo-assi sted quantBPET/SG2007/000433

tunnelling currents between opposing first and second

el ectrodes of respective ongs of an array of pairs of

t he opposing first and second electrodes are detected.
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Speci tin
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hﬁﬁp nt, non-zero angles with respect to

orea &ﬁﬁdﬁ%a%%%%gaﬁhan the about 90 described for the

exanpl e enbodi nent. Furthernore, the present invention

is not limted to inplenmentation with sets of

electrode wres. Rather, in different enbodi nents the

array of pairs of opposing first and second el ectrode

el enents can be inplenented using two opposing sets of

pi xel el ectrode arrays. In such enbodi nents, the

el ectrical circuit for detecting the photo-assisted

guantum tunnel ing current between the opposing first

and second pi xel el ectrodes conprises individua



el ectrical connections to the pixel electrodes, for
pi xel -i sed i mage sensing simlar to CCD or CMOS based

W0 pge7ssensors. CLAIMS 1. A quantum tunnel i ng PCT/SG2007/000433
phot odet ector array conprising: an array of pairs of
opposing first and second elqgctrodes; a
phot o-sensitive insulating material di sposed between
t he opposing first and second el ectrodes of the

CLa ctive pairs; and an electrical circuit for

det et i NG\ @RMIELN ﬁ!ﬁﬁélﬁfg%oﬂﬂaﬂébﬂdﬁhﬁw;irﬁmgcur rents

bet ween th Fﬁ&g nd S%"g% gl ectrode of the
res ce{rfa\yg B op@ trﬁﬂ‘ tSEHNCEED PG r ay as

cl aimpbbto-lsemhtueninﬂulamdgemenerialadusmad aietwmandihet@poeing first and

se%&'é)a“@«%& otdh$ Plf th% §esg§&%§spggf§quel ectrodes is
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cl a|ameelecmcail ciicod for detegiingvpbotetassisted quanbign rtgnrf-ellnstcurrents
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strate and & secon Strate respectiv 4. The
photodetector array as claimed in claim 3, vvherei n the

insyl ati Rge %ﬁi’dbé'cto‘r San%ysgoé@maebﬁhmsm] theyHetdista 8&hration

second substrates. 5. hot odet ector array as

digtangebetvaen the frstand Se\ﬁﬁfé? @Pﬁrqdﬁ@'% sybetpaialy fxetht er i al
conprises a soft matter material. 6. The photodetector
arr y as | aimed in claimb, V\,hergln the saqft

rial TE®NRIdstecl Ay Adrdamed ingFigims éoﬁgrzt‘?"i'?de'" the

opﬁiﬁsnﬁd’lfl@{ and Sédond aseotibiéL drensuppbaet 668 a fsdVjbstrategmidi £ second
rfluoropol yet her PFPE, organic sol vents,

| yents, ..
Sugsﬂ'@\{%rcﬂsf}%'?ﬁ’% brushes. 7. The photodetector array as

claimed in claim4, wherein the insulating material
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array as ' clai el n at'e
mmmaébitﬁdpos@mwe@stherﬁestend secopdshibstrajgsoup consi sti ng
of a dielectric material, or a doped

5. The photodetector array as claimed in claim 4, wherein the insulating

material comprises a soft matter material.

6. The photodetector array as claimed in claim 5, wherein the soft matter
material comprises one or more of a group consisting of thiols, self assembled
monolayers (SAMs), organic solvents, perfluoropolyether PFPE, organic solvents, and

polymeric brushes.

7. The photodetector array as claimed in claim 4, wherein the insulating

material comprises a solid state material.

8. The photodetector array as claimed in claim 7, wherein the solid state
material comprises one or more of a group consisting of a dielectric material, or a doped

heterostructure double well barrier such as Al,Gay.,As/GaAs/Al,Ga,As.



het erostructure double well barrier such as

Al xGal- xAs/ GaAs/ Al xGal-xAs. 9. The phot odetector array
wa@sgooelzEsned in any one of clainms 3 to 8, wher ePCI/862007/000433

| east one of the first and second substrates is

transparent. 10. The phot odefsector array as clainmed in

any one of clains 2 to 9, further conprisi ng spacer

el enent s nai nt ai ni n9 the substantially fix

sepat-at i ovechnotedgtestonarapas wiakned Wea%%"fﬁ?d{% 8d8 Fy wherein
at@éRt bh®ofRe fiklandisteonhaibeteies &l tinspareay as clainmed in

claim 10, wherein the spacer elenents further nmaintain

a parallelismof the pairs of first and second

el ect. oderhe hdtobetecion atrayl @t etdimed & aay oves ot tlainse2l to 9, further

i r I

oG hod iR nd B SRSERLF T Sh A idh igpos anc
bdt\M@QITtpelfBﬂtelIU $evood eleetrgstest o- sensitive material . 13.

The photodetector array as clainmed in any one of the

preceding clainms, wherein the array of opposing first

and Weconhecphatadetastos Ataypas staimed dp @laimgtq, gwhsreig the spacer

elér’nérﬁ& ftﬁ'@l&r RhinlirPs baafgisi drese S AiRESEbBRY el‘éf:trodes
el ectrode wres, such that the first and second

el ectrodes are constituted as opposing sections of the
el ecfor oderhui ;ﬂfbﬁoo@fectdﬁ&arf r§§ cme@m@mnwmmatn wherein the

ted cross- oints o Cross d. 14. The
soRYReRIRATR Bl T sggaferea%q@ ST MRS ps 8, Bfecinporporated
intb litee pidte-berdiive gl sets of electrode wires are
di sposed at about 90 with respect to each other. 15.

The photodetector array as claimed in clainms 13 or 14,
wherigi n The phbtedetectonhrray as ulaim@d)hmﬁysase ofrttie \p'rebealng claims,

I | .

w55 5 OGS 18 o LSRR Hples 8 bl o
firstIset ofeeedtrodel wifam ahd, a sérondiset bﬁeleeircebtmr&salsum theUthte first and
ool GtiotpAR: SRRyl RN LochRPATRL bRl o 1 o
and second 8§§t&i mjemcb@rws:mntam the dress-afigt ecting t he

guantum tunnel i ng currents between the opposi ng

sections of the electrode wires of the first and
secdfid sd&he photodetigatoppAay @t daimed iardlaly b whesgindhe jfirst and

sechY RCofAecibde Wheslark Qish8sed Rt&IbBLIND0° with respect to each other.

15. The photodetector array as claimed in claims 13 or 14, wherein the
electrical circuit comprises individual electrical connections to the electrode wires of the

first and second sets.

16. The photodetector array as claimed in claim 15, wherein the electrical
circuit further comprises a multiplexer component for de-multiplexing electrical signals
from the first and second sets of electrode wires for detecting the quantum tunneling
currents between the opposing sections of the electrode wires of the first and second

sets.



the array of opposing first and second el ectrodes are
constituted as first and second sets of pixel
we@b®@enrssaes respectively. 18. The phot odet ect oPCHSGZY7/000433
as claimed in claim17, wherein the electrical circuit
conprises individual electrijgal connections to the
pi xel electrodes of the first and second sets. 19. The
phot odet ector array as clained in any one of the .
pr ecddi ndhelPhpiegeteior pEnas Haimer d Bpy eng ofglaipgitito 12, wherein
thé HirhP & oppBsTRY fiEanPsceond lectfddies afddanistitfited 43k Ahd 8bcond sets
' rence across the first and second opposi ng

di f :
Ofé’leL‘?%‘F‘a@ggs. resgectiXelfet hod of generating an i mage

conpri sing using a quantum tunnel i ng phot odet ect or

arr as.cl ai,med jn any _one of. the preceding clains. 2 .

T et 10 RoPRgelciel Bl 8 Srmeg dn G T s o eletrica
cirstitpsnwises delividutal algetba tconmstionst todhe pixet elavttades ef thedirst and
Segwors%@;s bet ween opposing first and second el ectrodes

of respective ones of an array of pairs of the

opposing first and second el ectrodes; and generati ng

the jgmag ?hQ%S@dQ@cﬁoF Frrﬁ%ﬁ?@ﬁ“é@ind&{y%eé# t{]% é)receding claims,

photo-assisted tunnel [ing currents bétween ] .
wheptip the electrical clisit Sughnidcamprises odjesource for applying a potential

difference across the first and second opposing electrodes.

20. A method of generating an image comprising using a quantum

tunneling photodetector array as claimed in any one of the preceding claims.

21. A method of generating an image comprising the steps of:
detecting photo-assisted quantum tunneling currents between opposing first and
second electrodes of respective ones of an array of pairs of the opposing first and

second electrodes; and
generating the image based on the respective detected photo-assisted tunnelling

currents between the opposing first and second electrodes.



