WD 2005/ 078801 PCT/ SG2005/ 000043 METHCD AND DEVI CE
FOR WAVELENGTH- SENSI Tl VE PHOTO- SENSI NG CROSS- REFERENCE

TO RELATED APPLI CATI ONS [0001] This application clains
pYo zos/engstir om U. S. provi si onal applicati on norPCT/SG2005/000043
60/ 544, 496, entitled "COLOR SENSORS BASED ON J( FET)
STRUCTURES" and filed February 17, 2004, which is

i ncorporated herein by reference. FIELD OF THE
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Wavel engt h-sensitive photo-sensing (often referred to
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absorptl on of light of a certain bandwi dth by cells
anElElL&QFe'ﬁHErINVEI\E'iQNy [ 0004] Seni conduct or - based
coI or sensors are known. These sensors typically
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light can penetrate deeper below the surface than
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In pno processes as it interacts wth

| oses energy to, electrons in its path. In a
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son gy 1S AP i el RS sheh ppEgBR T
blolagynﬂmdbbdmrMng mtﬂcasmieﬂce mdustrtelseamiat@lﬂ@ Fand, both

exarfbie B <5 7 Sel 54 0eb H By e B 5P I L,

detedt theitfaheristiordamd Bissorption dfdighieof &£ cgrthie bandaikitie bicalls on
.ts wavel ength. Advantageously, free- carriers

and Hissties g Srﬁ% d% depl et ed region, devel oped around a
reverse biased pn junction, can be detected by
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depl eted regions forned at different dept sin.a
light can penetrate deeper below the surface than shorter wavelength light.
Secondly, light is absorbed in photoelectric processes as it interacts with, and
Joses energy to, electrons in its path. In a semiconductor, when a non-
conductive electron obtains sufficient energy, it is excited o the conduction
band. This transition generates an electron in the conduction band and a hole
in the valence band, both of which can be free-carriers. Thus,-a beam of light
incident on a semiconductor can generate free-carriers at different depths in
the semiconductor depending on its wavelength. Advantageously, free-
carriers generated in a depleted region, developed around a reverse biased
pn-junction, can be detected by sensing a current from the depleted region.

The sensed current can thus indicate the intensity of light absorbed in the
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sem conductor can be used to sense different spectra
conponents of the incident light. [0005] As an

exanpl e, the spectrum of visible Iight can be

M(p20o5thi8g01 resol ved into three conmponents: bl PEL/SG2005/000043
green, and red, which penetrate increasingly deeper

into a sem conductor. To detect these three spectra
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pect o & present invention, there is provid
sensiah¢@onduct or devi ce.  The deV|ce i ncl udes a substrate
havi ng a surface; a

SUMMARY OF THE INVENTION

[0008] A semiconductor device includes a conducting channel formed in a
-substrate. The channel is beneath a surface of the substrate and has a pre-

determined photo-conductivity spectral response. The device further includes
one or more pn-junctions defining depletion regions beneath the surface, at

respective depths relative to the surface corresponding to penetration depths
6f light of different wavelengths. Output signals respectively derived from the
channel and the depletion regions indicative of the intensity of light absorbed
therein can be developed and sensed fo determine the spectral components

of light incident on the suiface.



first pn junction defining a first depletion region
formed on the substrate at a first depth relative to

the surface, and a second pn junction defining a
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second depth relative to the surface deeper than the
first depth. A doped, photo-conductive channel is
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- regiopdwgsspoitom@hedegond depth relative to the surface. The drain
region has a bottom at a third depth relative to the surface. A doped gate

region of an opposite, second conductive type is formed on the substrate
beneath and adjoining the channel and the source and drain regions, thus

- forming a pn-junction defining a depletion region. The first depth is chosen to
generate charge carriers in the channel in response to light of a first
wavelength band incident on the surface. The second depth is chosen to

- generate charge carriers in the depletion region proximate the bottom of the
source region in response to light of a second wavelength band incident on
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the surface. The third depth is chosen to generate
charge carriers in the depletion region proxi mate the
bottom of the drain region in response to |light of a
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Cross
indicdive oﬁtheanmmpitpoij/lzgiﬁ absorbedbthbraaant of the present
i nvention;

[0013] - Other aspecis and features of the present invention will become
apparent to those of ordinary skill in the art upon review of the following
description of specific embodimenis of the invention in conjunction with the

accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] In the figures, which illustrate, by way of example only,
embodiments of the present invention,



[0016] FIG 1B is a circuit diagramshow ng the device

of FIG 1A in operation; [0017] FIGS. 1Cto | H are
schemati c cross-sectional views of several variations
o¥0 2d98/07880Mi ce of FI G 1A, exenplary of enbodi reEn$G2ea600043
the present invention; [0018] FIG 11 is a line graph
showi ng sinmul ated spectral responses of |ight

[0} O BIGOTAS iy S%zfmﬁk Godd. %&ﬁhaﬂﬁ@h?fagigupg{)l%{%

FI G IS a cut-o
semicemdmtoadm exemplannhof amembpdmens ehthierpyesant invention,
simlar to the device of FIG I|A; [0020] FIG 3 is a

oo HPs RAFELSHT B Moy FREB 18, 1

opatatiors a scherratl Cc cross-sectional view of a
phot o- sensor, exenplary of an enbodi nent of the

o0BTE =PGRS G 8 e

variption®obihesievicefof FIG: 1AL Aixehiilady]of hiBodikeents ofthe present
| i.ne-graph showi ng exanpl e spectral responses of

inve§ligNet ed regi ons; [0024] FIG 4D is a schematic
cross-sectional view of a variation of the

[0013]0t Fige ﬁftﬁ Rra e grbph sH&mr{g@i’:ﬁlaté_d Epecin‘él respansecshﬁrrght
sectional View o
abs 3?8 regipag at %ﬁerpntﬂeni&% n %‘Gfiﬂ‘"qel %F?QF%AS a schematic

cross sectional view of a sensor integrating the

[00 193 ns FIG. 2fis hlctboff pérspaetiveNiew i d denbbichaviy mbiliple

schenmpti ¢ cross-sectional _view of a conpound sensor;
sensing\ynig sisnitay ithe devireEllEGs1800043 [0028] FIG 613 is

a schematic top view of the conpound sensor of FIG

[o2ef. HIGO3H a ELESH pofepbétive Vel VMaldefisEi mmgsmgttrpmats

vi ew of a varj atl on of the conpound sensor of FIG
similgpto therdryjcepfEIGSH; s a schematic.top view of the
variation of FIG 5C, [0031] FIG SE is a schematic
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conpound sensqr of FlG
exemplary of an embodiment of the present invention;

[0022] FIG. 4B is a schematic cross-sectional view of a variation of the

photo-sensor of FIG. 44A,;

[0023] FIG. 4AC is a line-graph showing example spectral responses of

depleted regions;

[0024] FIG. 4D is a schematic cross-sectional view of a variation of the

photo-sensor of FIG. 4A;

[0025] FIG. 4E is a schematic cross-sectional view of a variation of the

photo-sensor of FIG. 4D;

[0026] FIG. 4F is a schematic cross-sectional view of a sensor integrating
the sensors of FIGS. 1A and 4A;

[0027]  FIG. 5A is a schematic cross-sectional view of a compound sensor;



[0032] FIG 6Ais a circuit diagramfor a A-diode;

[0033] FIG 6B is a line-diagramshowing the |-V

profile for the A-diode of FIG 6A;, and [0034] FIG

OO p0g5/8788iir cuit di agram for a sensor array. IRETHAIED00043
DESCRI PTI ON [ 0035] Col or ‘sensing based on pn-junctions

t akes advantage of the photoelectric effect and the
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depl etion regions devel oped around the pnj uncti ons.
5AThe carriers can be collected and detected by sensing
a current across each pn junction. [0036] Another
pe 0 I j Ld.wzed
DUPP 0S4 SRR o lor o b gl e

compmilrmbsalls@rofEI(hm bi t phot o- conductivity. As can be
under st ood t he conductance of a conductive path in a

rooB0FRED B Koot il g edonnl R 660 <

carriers generat ed due to photoelectric effect. The
[008&hd uElGarftRiseaschematic asassvieetional yiew ofanuitisyraition of

igher the |ight absorption, the
the\%ITEJ p"@ﬁé*‘@&ﬁéd@% Since light absorption is
vvavel engt h dependent, the phot o- conductivity of a
[0032Ind RIS, VA ipa dirchil diagramdort & dudiade; spect ral response.
conductive path at a particul ar dept hin a

fook, G 4 SR P RIATOARR b H Pl e ble Beiorrst

FIGbGAnanA spectral response peaks at a particular
wavel engt h, 6 WD 2005/ 078801 PCT/ S&G005/ 000043 whi ch

oot METRE e s b a7 11+ >

wavel engt hs and fi ndi ng the maxi mum conduct ance as a
function of wavel ength. Therefore, a conductive path

generated in a sem conductor can be used for sensing
to a depleted

co mewhat sim|ar
bETAILED @)EWE’FGF |@I ustrated with the exenpl ary

region,
enbodi rrent s of the present invention described bel ow.

[0035}03 ﬂolqnsensim hgepd en Prdupslinns-takessadignipgsi fdheiuct or
photgaébﬁf: eh@ ?@{%@ﬁoﬂfqﬁ%e ecg?ﬁéjrb 'ﬁ?{ﬁ@gﬁébstopﬁtow jRSent

nventi on.

deplett;m r@gmdavelwedammdetheoﬂt-}ummm Tba carriers can be
ci dent

colletefHrid SRR Y gflad = ey 2BibsS BB PL G RN Ur  ace
104 is marked by dashed lines. It should be understood
[0036)hat Andibedpipedy lof semiconductors that can also be utilized for

sensing light is photo-conductivity. Many semiconductors exhibit photo-
conductivity. As can be understood, the conductance of a conductive path in a
photo-conductive semiconductor can be affected by the absorption of light
therein because of the free carriers generated due to photoelectric effect. The
conductance can increase when light is absorbed. Within a limit, the higher
the light absorption, the higher the conductance. Since light absorption is
wavelength dependent, the photo-cenductivity of a conductive path has a
- particular spectral response. A conductive path at a particular depth in a
semiconductor is more sensitive to light of a particular wavelength band than
-light outside the band. A spectral response peaks at a particular wavelength,

A
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are neant to facilitate understandi ng and are not

meant to mark the exact boundaries of the |ight
receiving region. [0038] Bel ow exposed surface 104,
woenes/grse1t hr ee doped regions or |ayers: top@@se2005/000043
(Gl) | ayer 106, channel layer 108 and bottom gate (&)

| ayer 110. The doping properties of these |ayers, and
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?p%‘ e th a source (S) region 112

the én%di rain E ; rﬂgg%’onﬂ)widm bot h of which have high
n-type dopi ng concentrations. A strongl doped p-type
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104 GBS P B O SRAHAS 0 B0y bl M
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are frzdnt Eoipoiite undersRaNaAT a5k NohEegPL A e 5336hg

bouhddriesNbf thé W@it@é&mﬁﬁﬁ‘@bﬁﬁ ing layer 108 and bottom

gate |ayer 110 may have conpar abl e or very di fferent
005/ 078801

1003882, WMoy Exenssi.iriace dbd; tere Sisdhias ARG BAONS o on

layefst fop §8t8 (G5} ByéiV0B, thﬁnei(IH}@r HOB &8 %ﬁéﬂcﬂgata ggz)hayérom
region 116, there,is an electro

ate cont act

110 ?@“@&Qﬁm@ ergpeﬁ@saftfhmlaxqrs andgther regioys desgribad later,
are ﬁ&ﬁﬁfeaqsm_, cHVERtSIA YribDlsC 8peaficaly | the té@@fsapt ané N'm

electric interconnectS I n co nICtlonWI
indicatasihecanductivedype ok thedayericigegign He lfe&aéw@c:tqpm r egi ons

= Qf - i f

concBfifaligh (s3It 2 i, G labomAl o ), THAGH
layetisah08rand H10 arel afqa-type, ihedainzrirooressinhgly dopsddhan the

atte B 1D T e RELdopte Chpff e 1pg o ¢

and igrkd eosihamigation withya poame g8 pregionetasda Yirain{D) sddiory
114, lbg Yo wl'zillgzhe hg\r/ré Hg% ype Aopmg concentrations. A strongly doped

p-type gate contact region 116 extends from bottom gate layer 110 to the

suface of substrate 102 for efficient contact.

[0039] As will become apparent,' the concentrations of these layers and

regions may vary. For example, the doping concentrations may be 10% - 10
cm™ for “P™ regions, 10" - 10" om™ for “P” regions, on the order of 10" ecm™

% for “P*™ regions, 10" - 10" cm™ for “N™ regions, 10"® — 10"° em™ for *N”
regions, and on the order of 10%° cm™for “N™ regions. Conducting layer 108
and bottom gate layer 110 may have comparable or very different doping

- levels, as detailed below.



1A, and in the subsequent draw ngs unl ess otherw se

i ndi cated. The nmask or nask layer is also omtted in
nost cases. Persons skilled in the art wll

WRIMOFeEsd when such a layer is required or CRIT/HG2005/000043
added. [0042] As can be understood by persons skilled
inthe art, a junction field- effect transistor (JFET)
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0045] Further, the three Iaﬁers 106, 108 and 110 form
[0043)0 lesariventional temaineleay.dhe iR depinied inblG. dhdisiasm-126

chanRBFURSF {SMkY 3Rk d*in Tefion¥H 12 Bnd@496 of the JFET can be

biased to develop a conducting channel therebetween. As depicted, channel

layer 108 defines a light-absorption section 130 below surface 104 between

- the dashed-lines. Light-absorption section 130 has a photo-conductivity

~ spectral response dependent on the material of channel Jayer 108 and the
depths of top and bottom junctions 126 and 128, as will be further described

below.

[0044] The photo-conductivity spectral response of fight-absorption section
130 can be pre-determined. For example, the spectral response may peak at



substantially vertically aligned one above anot her
relative to surface 104. Channel |ayer 108 is

positioned between junctions 126 and 128. Junction 126
w0 iddRoman1 be reverse-bi ased so that a depl et pdr/§@1005000043
depl etion) region develops therefrom Each depleted
regi on has a photo-electric spectral response to
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theporresponding ppdundiisnsand the biasing woltage appligdadross thegion
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Spesialte 1 AP Lo so8Eb IR STSEAE frSXaTaIad gariers in the
deplaﬁ@thgi@ﬁg RHitNS C¥ndREAY fcﬁlanﬁeﬂ%i’%ﬁ@né% to u% t of different
bsorption section 130 peaks at at

| Wavsmga’bbewﬁ insldenbor surgen 104 respagtvelyo @utms@tgmais Agch

e cpnbglytat 0 4 s gk getch gl i
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For %%{gﬁfe', ?(ﬂ) _ﬁ'lcﬁ(;h%fé %a@eﬁeeétjg Egpﬂh %}ﬁweo.o‘irl%t?muf h EQ er.
that a blue component of light is absorbed in the fop depletion region, and
bottom junction 128 may be at a depth from 2 to 10 microns so that a green
component of light is absorbed in section 130 of channel 108 and a red
component of light is absorbed in the botiom depletion region.

[0046]  The thickness and material of layers 106, 108 and 110 can be
chosen so that a top depletion region can be developed from fop junction 126



processi ng and operational factors, including
environnental factors such as tenperature, may al so

af fect each spectral response. [0047] Wen viewed from
wezmppprssadevi ce 100 and its various | ayers aneCT/sG2005/000043
regi ons may have any suitable shape and size. For
exanpl e, each of top gate |ayer 106 and source and
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chan | ayer 108 may be epitaxially gr own on bottom
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parﬁmﬁartsmléctlpmo:bthelqzﬂemed)wév&langﬂﬁp Euarthag other whet her
i ffusion or

progeseli aEb eymtimal i hoiRIBD Srdkemnonel aelrs 5

tempeRaureNinay g dffidcaéadtrépetiraPrespbisd. he hori zont al
di rectl onin FIG 1A) may be desirable for achieving
shal | ow and

| ut d,
1004737 VWEES s b et 5B e PG ad R rious BT Rt g
reg:d:@ mﬁ?)hdi)@ ah9 s0ksble 8Raps Hhd 86, li&ﬂexmﬁﬂvé edcRQf %ﬁ%étéZ

3 114 for providing i nproved ohm c contact.
laye 306 ghd §auEse] a&sdedmmfeg*ﬁﬁ? A2 padd Taduabe genergiy amwlarg
ornﬂﬁh 005/ 078801 PCT/ SG2005/ 000043 concentrati on and
ve any suitable or convenient thickness,
on the spectral range of [|ight deS|red to be

a
Wﬂ“%ﬁt ed; ﬂ@ IifRsait Invare g jregiens an wellas the elesirpdesef device

rom a
10 SPGB GmFLAT A0 i s AR
fech'@'ﬁﬁﬂ?ﬂéls Gaxyhe undegstaag by essonsakiliedsn the grt.gr own on t he

wafer. In this case, bottomgate |layer 110 may have a

[004@{2@ Rr éﬁiﬁ;ﬂ@tflﬁhhgﬂa{'@rl'gw %Q}ﬁeﬁfg awgﬁbg}no&i‘?@?&é}ﬁs

at of anne ayer

gate layer 440 st wey Aavel a thicknessHrem iabaut 2fo alomitig, um;ttop

gate £ 106 ey 1R0tciled BY ARK oA M Rk A Bichiéeghoma
-.abouhﬁﬂﬂrtg@imut 0 Ba;m depentiing ba diewo spectiab characteristics to be
- detected. The maximum depth of source and drain regions 112 and 114 may

be between 0.5 to 1 um or between 3 to 4 pm, depending on whether it is

more desirable to minimize lateral diffusion or to have a lower channel

resistance. As will become apparent, small lateral sizes (in the horizontal

~ direction in FIG. 1A) may be desirable for achieving high resolution of
imaging. When desired, shallow and very strongly doped n-type regions (not

shown in Fig. 1A) may be formed near surface 104 within regions 112 and

_1 14 for providing improved ohmic contact.

[0050] Bottom gate layer 110 may have a low or a high doping

10



exanple, only a thin (-3 to 4 pm channel [ayer 108

needs to be forned because the depletion region

mai nly extend into bottomgate |ayer 110. As a
max2008/078s8he strongly doped contacting regi on Pcigsc2ans/000043
be short and can be conveniently forned by diffusion.
This can shorten the fabrication cycle and allow for
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ow %pd t both ¢
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simlar doping |levels a
bottom gatg dayer 1{1% Brelews agangentars may bﬂ)aévmﬂagbom Bopi ng

exafiR% SRy EIE0:a Befanh) offpher ByBLIGT hEER e el

bec@ldﬂﬁzﬁatdeptahon redio 6RfniEeriend drio Holtdm: ga‘té Qayei 330amsia124

resill e BiEhgR ibBRMAY Frg R T4 050 ke ot anditan b om

comtdmermypfomd IR diffli€ién OThig exth eﬁorl&pthe[fasﬁé’étuoﬂi cle and
nsor, 100.is next described wfh

t
allo] B SPAIREIefaral GRencienecvhigh I Tey AlDREN BEessed el ng

integralior @hdity CartDihaga HI%N\QH reSoltitich whéd thelae\%%é 8226 %E8P01

PCT/ SG2005/ 000043 ructure of sensor
p'xe'r'@ﬁ'r@@@HF@S'"&QTF?Yconvent| onal synbols used by per sons
skilled in the art. [0055] In operation, electrodes

[0052]L8, HdRBverl RPscthd sitiadtiont |tCiﬁé(3LE§ déQigatﬁé% u@é gﬁﬁg} 0

nerate a current throu e conducting

highlp doRed 4- @%W@tﬂr fqulzotﬁml getedayer 140, ms@xamle togeduese| op
thOR

608 resgggﬁo\ega rom op gﬁd{sg‘%t@gﬁ’e?uncﬁpghés}gfﬁwg d
highly dgped-ghannsk eyl be, les» phete-asnductivedba B)lawer depedoe
: 0 I 122 y be
chanfo ¥Actefore.  fay ¥ Gpuiontioroff HRAIKAIY bak cnafpel T 5
layer dﬂ& i dottbmogate hayer 13 Otfmnala dighi26r Modeesieln dibﬂ@d Qﬁyﬁ@ e
wafer, %8{1{ gﬁjtax%‘ﬁ{/ agtrt')\n?rr:] layers can have similar doping levels and
thicknesses, e.g., about 5 to 8 ym in thickness and 10" to 10'® cm™ in doping

concentration, but it may be advantageous if channel layer 108 is thicker and

has a higher doping concentration.

[0053] Electrodes 118, 120, 122 and 124 are made of a conductive
material including metals such as aluminium. Conveniently, these extend

from the top surface 104 of device 100.

[0054] The operation of sensor 100 is next described with reference fo
~ both FIGS. 1A and 1B, the latter being a circuit diagram in which the JFET
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node and desired spectral selectivity for the various
output signals; top gate electrode 120 nay be

grounded (can be short-circuited to S el ectrode 118)

ovo 20os/6r88d t 0 a small negative voltage Vgi; awer/asdobsyiess

el ectrode 124 may be biased to a voltage Vg2, which
may vary fromO to less than -1 VdJ. -As can be
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biasp 6 4 Shaf] Hef sy riangibetioT L eleriierE 134 eyt

biaséd tzsa Ivomége Vg2, whieﬁ Inwt Rarj frok @&m@@é tiedn V) KASESn be
Therefore, the qui escent drain- source

appr@ﬁ'ﬁ‘f“éﬂ!’"hﬁﬂgﬁsﬁg a@di?épr‘%ﬁ flRyeethe depleted regions | dso can
respbétieibsdsial %ﬁg @b.doa d BEMth RehcBbhd§s6 tﬂ@ éﬁgﬁnefarnvy

aver agl ng [atter currents.
parallﬁléﬂﬁuﬁa%m within §he dashaddines shpwniin e widithof

the debiéitd ?e@%é@frpé\( h@BEBE ALy VRIRY HIObASng Foibadll G
depielion3eoines emcmarm @2 obaired ¢2y28 106 fibe pondudlingahannel
betwith? e @ichied iief B thRL Bitp dibl B BRI Sreol 30 pug
also gérmgl:];gp;‘bralteldb &ﬁmmo@ @wb%?}leb&mérﬁtﬁg&vﬁﬁﬁa?gbn 114_
and ERHSTA T St BR BRIy Sl Rerhisbeh olhbs sodbathe

) depleIthégl@fUé\% edfebrh Qaﬂom\m@ b@mﬁbﬁegmpwmd&ro@

sor bed beI ow bottom junction 128. Therefore, the
reachy BinEoion 14y on devel oped from top pn-junction 126
absorbs mainly light of short-wavel engths, the

' [0056] harasedepidted irGPlG A & Arfedid (Graftsdicd a@n@mgsp A8ws in

maj nly I'ight of m d-wavel engths, and the depletion
the cqnelycting gladnnebfienn draini14 o source 112. When surface 104 is

not illuminated, there is no gate current flowing through gate electrode 120 or
124, that is, lg1,0= Ig2,0 = 0, ignoring any leakage current, wherein subscript “0”
indicate a quiescent or darkness current. Therefore, the quiescent drain-
source current lgso is equal o lyg or ksp. Current laso can thus be detected by
sensing either Iy or Isp, or by averaging the two latter currents.

[0067] = When light-transmitting surface 104 is illuminated with light 132 of a
particular wavelengths, as indicated in FIG. 1B, light 132 is transmitted into
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bott om pn-junction 128 mainly absorbs |ight of

| ong- wavel engt hs. [0058] When light is absorbed, free
charge carriers are generated. Holes generated in a
caproos/emsaiegi on are qui ckly noved towards it SPCT/SG2005/000043
corresponding electrode (120 or 124) by the interna
electric field, thus producing a corresponding
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drai n-source current (A ds) can indicate |ight

1oof8F o oicr 1t 1 4B AR i Rarge SRR pRllth R, AbES"
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eledtibg 326 Pr.1#D30.ebe R HEFRRIBIS ind<iafRBRY R co”
correspaiivg hén—!zémsgaw%ﬁéﬁﬂ lgmrq{ . Thg bhteahipin® &4l ishigi n

i cul arl

th duct
incliftiR o JBTAISPIRGH 18 84 o6 oPRied [0 ousb He12 e at ed,
con’ldéneni' o uTchi&'ﬁ |[ghi/ 162) aWH@&té Hﬁﬁéﬁ%gl@ ﬁ'ldi(fﬁtl\lé ot igrtat e d.

When surface I S not | um nat and |gnor| ng. ang

absprbgd dy thechpttosh depleigs reglongﬁum g3 H%TIJPQI"B@"%M% ing
ligh _the relationship between these currents can
nor e conpl ex than descri bed herein, dependi ng on nany
factors such as 13 WD 2005/078801 PCT/ SG2005/ 000043
[0059he (Lightebserptipaseetipn/ 130 eidbe chaanal has &reuslusiapss éer t o
resiét{ar%g deé@ﬁdéﬂt%ﬂ otd-Sb&ii 9&? Rén %Qﬁé B4 8h8 g’
l'ustration pu oses on eac ua atlonsh|p
carriprs aveggenerated i Mn@tiandhew@ndwmnwmmwebe&mstput

rr adily
siangiib4Nle oGP isotbid e cblfudinolafghiofiaih s bEnT ¥
derived fnbmrthe sandueting charevel. Karl a:ks)npdm ¢he drdim-gbtircelxsanehnied

conductin channel be det.e

(o) G icrefed i Shus SOt Bhonk o0 B REE R aborbed ne
* in thé Bendliaing &hAnelr(gudh 298 rg@@erpctsmpdsﬁerm aeineilent light!132).
" At a fixed drain-source voltage (Vu-V5), the drain-source current increases
when the conductance of the conducting channel increases. The increase in
drain-source current is thus indicative of light absorbed within the conducting

channel, particularly in light-absorption section 130.

[0060] Asillustrated, Iy = Iy + Iy1 T Ig2, when surface 104 is illuminated.
When surface 104 is not illuminated and ignoring any leakage current, Iy =
Io. It should be understood that the relationship between these currenis can
be more complex than described herein, depending on many factors such as
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absorption of the green |ight conponent would be to
nmeasure directly the change in source current: Ads =
Is - Iso. However, such a neasurenent may not al ways
B0 posgiskilie or practical. Al osmay be det er m nBC/$ER005/600043
anot her suitable manner. For exanple, A ds can be

cal cul ated by subtracting fromthe sensed drain

e i e B B o TR T b e

relaﬁ@sh:pdsxsedrfnetmn ae foofllasteationgiunposaseoniy.of hebetuali ds =
9+ + 1 + 1d d
ks ten o e by AR BB st o
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contRfing € | EAPbE 9efé?ﬁ1fﬁéﬁrfﬁ Jafidud difcentWajs ”ﬁ"lenﬁnfplé's{

or on an identical but separ ate sensi ng unit which is
wayta ddzp'ouedhe oham@hn dr@lw@.ﬂ_!{cew!‘r@ahd% ogiydethe ood,

t 132
a8 G SRS SRR UTRARGH e cfecly 8. 192
chahg8 in stxarce dument: Ady =de—tyr Meweverasudhea maaduremem_emay
not Sy 54 pesiihi AEhECted). Rbsed e tpdingd fy ARl o
suitBbléematitePor &@thpls, chlgsmmmml@méd Iby@hbtraaﬁhgm i
determ ned using the sen

currents. [i‘"t‘f
senged SR fHrraph Ehsw*e%sv&a Rysorice Paﬂ?%tt!eagtA pakively,

dra.ﬁbéﬁatga'ié?%ufréms caiDeHcn8ad @ﬁmageaﬁ bERAIGEANEA using the
wavel'engt hs from about 500 to about 600 nm an

formuga: Slan birelf +rigey+ bio)-duso GER BE ERFAeETY cKISE4B S6E0 S‘B@'@tt 0
he bl d red
e MO Bkt B B 1Rl F T e et el v cover

shorter and | onger wavel engths such as ultra-viol et

[006Hd iFrormaeasurinaVdisehgtaas berehiningg by measusdnpaialite nay
tailed

tmeRbfSnsi iy B1E EIBRBL e € itho gl o1 | ©

memrémemtemhn mmmwmneaammm@m%moo@mdemt@ab 3]

but gl ari i RRRER I o B bdetllo 6 00 0l et s,

usi ng appropriate algorithnms, which can be understood
[0062)d decHropeundsrstoedssinee gkltylcledem waveiengih compesents

o 42 B b S PR AP ot
draisetReurichecarehes aded, withenaldne an tdppstiaeraliits gdetcmrren_ts

_iod S{rz}g{ggts%gtp %I %@gﬁ&h@ﬁ% 1&.%?lexgrsnippeg the bﬁjleeﬁgere'nc

and red components of light 132 may be determined using the sensed

currents. The blue component may cover wavelengths from about 400 to

about 500 nm, the green component may cover wavelengths from about 500

to about 600 nm, and the red component may cover wavelengths from about
800 to about 700 nm. In some applications, the blue and red components may
be expanded to respectively cover shorter and longer wavelengths such as
ultra-violet and infrared wavelengths. Each spectral component may also

cover a narrower bandwidth so that a detailed spectral analysis of the incident

light can be performed.
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shoul d al so be understood that it nmay not be necessary
to actually find a value for Aids. It is possible to

obtai n out put signals representing the spectral
wanposiessse of |ight 132 fromthe sensed sour cRCT/STB05M00043

and gate currents wthout explicitly arriving at a
signal representing Aids. [0064] For illustration

[omapoqi—@ bffé!i' hfp&néﬁefdfr:@@ Rk %Q{W@e@rrﬁ,nagggg od g@ N

he su strate I'S

theTyensed isourgee didimand gatercurettsn sing gpprogmiate algerithpect r al
h of

whigh SRS eriod 8RS LBYIRPed 67 pfoRt s fitha at Thy
requited calellations,isdliding mécdlaﬂamﬁﬁtzg@g:gh%wgﬁme& irfdny
m an

ﬁ% rption ion at,_a depth of
sui fé’crv@ﬁee%r Efor xgimplerthe S@m%cwé%ms gn h@ﬁ"ab@@d%
gerlcPRERRE Yesired Bﬁpﬁpﬁgﬁ%@smbeaﬁpé]@?ﬁc ercmﬂ %ﬁ%’é@@%‘”?&

m-and

lon at a
shoylﬁg alpg bemr@ietﬁmd thet it may ndibedesessary taactugiiofind af er s

valtieﬁfg? W‘ﬁh‘? ﬁné&sﬁ) {o?c?ﬁ%hgaﬁlg ts éﬁ%ls[ %gt%% ;@8 ﬁwgﬁspggﬁ be

ansm

conypmenats aftlighit 13@frohdhe segsed"snmm rdpgin ancgateestimeats
m ned wavel engt hs or

ittt BRRGb e ct Sorl Gabrafie i rcqi ons and « ne

conducti ng channel, a desirable set of spectral
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respons

det erm ned. "For exarrp e spectra

0. 65mm1a5dcaatmn!fee$s/oi%um The Iﬁ?élf\@d?ﬁ;ﬁ!w'tg meardisfmme |repra$enjs:
the SFRAASI eobled f BN Kbl d AR S PEngh =
thickpesepehguis llathfs damwtmm rthe depthdofa negmneﬁ@sdmthee nt

dept B 438 o1 e BRednR o hs Top kRS Fiidutec o

above, the peak absorption wavel ength of the
[0065n dAs homcarhbmapprecistaib bgnnﬁensmg thet deproptiatel specidl

rosp e, I e chPaelkif iinlnblhn of BByrERofiliongRai

for thaldaplgted oagicas ahd thgt dordunting ﬂ@arﬁm o dedirabkspstge i n
tlng t he bi asing

spec@l%neral ,9%%]0@%#?% ?‘t@ﬁgﬁlc@ &+ ood by persons

skilled in the art. In addltlon the width of the
[0068JondBinte e sprevtrad respolis®ef a particular region depends on the

depth and thickness of the region, these parameters can be varied fo achieve
the desired spectral response for the particular region. The spectral response
of a particular region can be estimated by calculation or be experimentally
determined. For example, the spectral response of the photo-conductivity of
the conducting channel can be measured by illuminating light-transmitting
surface 104 with light of equal intensity but different wavelengths and
measuring the drain-source current variation Alys as a function of wavelength.
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varied to obtain a sharper or flatter spectra

response, depending on the application. Simlarly,

the wi dths of the depleted regions may al so be
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cortiart ot Ve it 15 om desiatBiasion i b = Wi plabaus
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th;cﬁhéfab 99? &g ;fnggy}n%g)@gvaq@entég%ﬁﬁg%pl nghéti@\éte geab%gpﬁe
to albayteﬁ $imothiake @usbngldrmﬂm@rssteo@ fhad dhe abaviervalues gndethanel
r As can
val SE‘;-EundersphI ‘%%ﬁ!@%ﬁ@#‘ ;b?‘l ?on e% an?ﬁﬂé;lr %H%@%cpf?ﬁET for
differentappiicaiidns:stich %ldlifdarant $w)stmtaemateelalstl ons descri bed
above except that all polarities and biasing voltages

tood” Jfl 6 b ACHBE sior BIe biabig Yehoes Bhog BBL Bd

kepih a:orrh@ntdanﬂlgmemrdsreentdﬂ mpmﬁﬂ}em vary bissimpedlidges t o
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100 t
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el ectrode 124 on the si osite to

I
dopIRlightegiamssambeansclg stwancl oachiias AguResHRlheg y
shafd'sndlaibg, contact region 116" is

'[0069] As should now be undersiood, device 100 may be modified. For
- example, the doping types of the layers or regions may be réversed to foom a
p-channel JFET, which can also be used for sensing color. As can be
understood, the operation of a p-channel JFET for seneiﬁg color is similar to
the operations described above except that all polarities and biasing voltages

should be reversed.

[0070] Further, while having all the electrodes on the same side of the
substrate as in device 100 may be advantageous, it is possible to have the
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bel ow bottom gate | ayer 110. Sensor 100' can be
operated in simlar manner as for sensor 100. [0071]

As can be appreciated, it is also possible to control
Waveoes/aregal et ed regi on devel ops from a pn j unalism20035000043
varying the relative doping concentrations of the
interfacing regions. For exanple, when one side of a
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manuf acture, and/or can be nore corrpact because the
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opi CO ons sp a e, depletion.re
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such as hi cker than about 10 pm it could
regions. cﬁorexample a:mel@m@hgawbe madertbidtibisambeemorgot t om

strmﬁg aoégﬂ %ttgé?%'t@ﬂ'l v\#tg l%aggglﬁé{ﬁfgg gtr)tt&gg%g]eéibh ré{ﬁBH' d
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oo oS RO R A4S0 ARG Bl b Seh U 8
narrbw band pfi wavslehyths, bam e deabier feemanefaictuse aﬂdlqr aanchen

o RS SRTESE AR St ORI R ™
and g%ﬁéﬂﬁ $Qr| Rrobs¥ettioh aptelstisfaceoncent rat i ons of

channel |ayer 108 and botton1gate Iayer 110 are
sensor, 1

[o72honlt 5 AlsiresSils (oUEkane lopaes dding Faanten &8
that %%@mﬁ;ﬁtregmtmanlmévet@sr\mh thestzemen 11 3HIS chse dhe
bottom gate Iayer can be inexpensively produced. Further, the spectral
response of the conducting channel may be varied over a wider range by
adjusting biasing voltages. However, if the channel layer is very thick such as

thicker than about 10 um, it couid be difficult and expensive to produce a deep

bottom gate contact region 116 by diffusion.

[0073] [t should also be noted that when channel layer 108 and bottom
gate layer 110 have very different doping concentrations, diffusion may occur
at the interface and the pn-junction formed can be inferior as compared to a
pn-junction formed between epitaxially grown layers having comparable
doping concentrations. Thus, it may be advantageous that the doping
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buri ed between channel |ayer 108 and bottom gate | ayer
110. Layer 134 nmay have any suitable thickness.

Buried | ayer 134 extends slightly beyond the |ight
varEvemg1r egi on, as marked by the dashed | i nesK/s@005/000043
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nitride layer 146, a second Si Q2| ayer may be

examplefaitable teshniguas areslesariberkinddong Jiao( dntb)ducaﬁa i

somBcS, Pl S iE R R enhs Pl in,

incorpbated beraile by mefefarceoAndiber ativantapes of sansor M80°tas be

i Ceat i I
comp138885 10 Y B PP R VB e R b1
the tepdepletioh sdgion pan be dhihger andieradioteourdfopade width.

light-transmtting surface, such as on the thinner

10075 - FS, B A Sp(Socbol {80 FpedRY Blicp 199 19,15,
sensalnmairtb% (t)os / atteluztgud\?} %ﬁp@@ﬁ?@rﬁ&;ﬁ a %arztgicr?ntact
region 142, 16RGoRISIT ksesitiia pararh SbtrHop Shdadt Bibvereripy

a numBér ofdaykrd ZAcRitihg@fiet SI0Alkysi T™44) Whidh@ad @eithémally

concentratl ons are_ _respectivel é about 1016 1018 cnd

growr,q3 siligen pitide l%?’é“‘i(%se@nﬁ Si02 kryer#48 which may b

formed by chemical-vapour-deposition (CVD), and a third SiO; layer 150
which may be formed by plasma-enhanced CVD (PECVD). Layers 144, 146,
148 and 150 provide insulation for the substraie. As '_can be understood, in the
fabrication process, these layers may initially cover the light-transmitting
surface and are later pattially removed to expose the light-transmitting
surface, such as on the thinner section of layer 144. As is fypical, source
(including source region 112 and source electrode 118) and drain (including
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channel layer 108, 2 x 1018 cm 8for bottom gate | ayer

110 and top gate contact region 142, 8 x 1019 cm 8f or
source and drain regions 112 and 114, 4 x 1015 cn#

o 200808M gat e contact region 116". Channel peysczo0dsi80043
can be about 8 pmthick, and bottom gate |ayer 110

can be about 3 pmthick. The thickness of top gate
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od78hco i A Rraiorae SishTAd M TuBR A8 Ve SOk Blbe, 1
insadifolgpe) g dfth%arﬂ@aoplﬁb@ohcéhtvatldaﬁ.ﬂﬂ thisicase, thep pn
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so'irﬁ%aeﬂalﬁﬂa@r? g9 dgngep ter; ﬁ'@g‘??é’ie Sn ‘ﬁﬂ'ﬂé g %F‘
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( romsensor 1
espeeialy of theo®nsuding thangel he addi ti on of a top n-type
region 172, correspondlng contact region 174, and

[ooﬁ]ectmﬂe:ﬁ&ﬁ:wé D808 60 1éﬂdlfte9§rong§n%r%d{_gﬁﬁ:ﬂ_ﬂ@ﬁ)g“a3

0 pl ng concentra
gate ayeoof sanser 160 incluttssi sngenjrad eegien 406 end @fprqtasbve: rm@

162,08RE A bhe e e s FEdon AR Mo el enion 8
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162 Bt ot 40P o Tob PN 2 s Borfie oGBS BRI, 1o
regi¥fP 108 GindQRE thanMsl TayeEA08 SRIHYOIE R protiei edrite ragigh 906,

argund pn-junction 126. A current detected fro at e
provaRgG priakloway of hetj Eighan Bt UeHY 19N SRRV Ipdge ARG FIRGn
facilit8@s Udlle ST R0t HiR-denepatd Pthe shallow top gate region.

[0078] FIG. 1G shows a sensor 170 medified from sensor 160. The main
difference between sensors 160 and 170 is the addition of a top n-type region
172, corresponding contact region 174, and electrode 176. In sensor 170, top

- gate layer 106 has a doping concentration of 2 X 10" cm™. Top n-type region
172 has a doping concentration of 10'® cm™. The pn-junction 178 between
regions 106 and 172 can be used to develop a depleted region for obtaining
an output signal indicating the intensity of fight absorbed therein. For example,
a current detected from gate region 162 can indicate light absorbed in
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126 and 178. Thus, |ight absorbed in depletion region
around pn-junction 178 can also be determ ned. As can
be appreciated, it can be easier to obtain a very
whoatobsevssat ype region in a thin p-type wel |, HdW@SG2005/000043
simlarly very shallow p-type regionin a thin n-type

| ayer. Since top n-type region 172 can be very thin,
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thing semsamtli7 8tdanrdeiect fight afwoawwemgﬁsbot h different
depths and doping |evels. [0080] Device 100 (or any

0078 C et niiratd P8 sEAEH DS mitlied Riin sdridbr 13000, 180)
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senson 180, there @oerpeal aeparpiedtmla@dsmypeﬁm gatedaysdre 106A and
ound sen r,. 200 ] @r al-b [
1065, Fa Boying AP s ERRPRIALOn dPUr (B SA SR el
106A is Eﬁéﬂ@ﬁrg?éﬁtdpag&t éla@@f_m?B)Thws,@epléét%d iegigpnlsaye(rj 204
n- om_ gat e cont ac I +) . an
deviigped fp Erp@ f%sawgatg@ ariadryRis Wb %ﬁffgf%@ spedrl E5PORES 10
Alteﬁrféﬂ)rel? g{eﬁmsﬁﬁaa&aoésﬂlaynbﬁﬁrrmat BeptRib@As i n
__paren heses indicate_the dopin g@%el tive
diffesent sleging, cmeaﬁﬁﬁl@tseahﬁhmaa{@% beth difese pths and
dopiﬁﬁrl‘é\%r 200 effectively incorporates twelve sensing
its ?each bei ng a sensor 100) haV| ng a conmon

bottom gate contact region 206 shared b}{aall uni Sand

[0088),c h Dgwipectod @giabH oﬁd@wp% 19Qa 99”"@9“%%
180)%3%33%‘ a$' Q's"t&d Qlﬁﬁe %@ﬁébr AR s initiha b&nﬁ&lﬂ{ded

acent units in row. Sensor 200 can be an
photpmgsng Fs:enxampmwan@emplﬁwpomun@sam%prpﬁﬂﬂel of the

lnco@ggﬁlr%pgﬁ%@%e&gﬂ, ﬁrié gtr tlﬁ gﬁyz ?epr{sg QB@ h'aQ ad
botidrh Gata lammzmlmmmlnmebﬂm ), \ai lehitoim ga’r&d:mnm ed

oo 0 Bl P e oAl RS B 2
(n*) dnd8iain Aedioisa 21D ewmamne @igﬁsdm pé%eﬁee&mﬂcﬁeMe or
doping BRI %iﬁ%%%%@og&%"%i 4884 38 GaG bPableTPgs
sensBf 2oy alfEciivefy mBBPoRstes twelve sensing units (each being a sensor
100) having a common bottom gate contact region 206 shared by all units,
each source region 210 is shared by two adjacent columns of units, and each
drain region 212 is shared by two adjacent units in a row. Sensor 200 can be
an imaging sensor and each unit may form a pixel of the imaging array. The
sensing units may be formed in a desirable pattern other than the one
depicted in FIG.2. Each sensing unit may be individually addressed and the

| output signals from each sensing unit may be used to reproduce a color

" image of the incident light. A metal-oxide semiconductor (MOS) fransistor or
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units, in conbination with normal addressing circuits
to overcone the problem that a JFET is normally-on,

as W ll be understood and readily inplenented by
e moserssidi | | ed in the art. The nornmal |l y-of f sd@dcosspooss

be achieved in other manners, such as by form ng an
array of |anbda-di odes as described below. [0081]
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unlts each being formed of a sensor, Qfdlglg 'tcyd"

alleg@t@ohy aprlying Piasiisesignaista the @%ﬂsm yritsdp
@gnb)aébef abie ériyin of fRthdtiehi gﬂeebdr@ﬁt & @iven

re |o source regions i
fimesealr e idendified. rcggﬁmhgn@ detecton pf SBnABE thegiemntphoto-
senélﬂa )unltg %%l& g@cg?rae%l ?&ﬂ V\#] %Loﬁsegm Eaelgﬁéﬁn%!%*'bgﬁﬁﬂg shilléd

en C
in axt evilt he ablectgidesigiilsuitable controbechamesstor sonliol the Signals at

the Rt oot B BT 475 nFor the unit on the

ot her side. The addressing of the sensing units -of
[00923 ns (G308 (llustratdsea sermdir 3P0 dwvingadultiple sepsingrunils, each

bein foinyg o ey B beyR 10T ee ool WY € Pt ot
layet ?0'2 (b??lar ?t’.hdwoilﬁgi@yer 804 Krggﬁigtl mtl"hprle top gatetregiona 306
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sourBEAFSn rédion918 YR/ 88 %]sapugé RFANOBAIPERGAS side and as a

drain for the unit on the other side. The addressing of the sensing units of
sensor 300 can be readily carried out by person skilled in the art. For
example, the source for an active unit may be grounded and its drain biased
to the desired voltage, while all other, inactive units are put into a high
 impedance (HiZ) state. As mentioned above, ST! regions 316 isolate bottom
gate contact regions 314 from other regions so that the units can be densely

disposed.

[0083] Another exemplary embadiment of the present invention is a photo-

21



sensor 400 illustrated in FIG 4A. Sensor 400 has a
light-transmtting surface 402 masked by an opaque

| ayer 404. Bel ow surface 402 is a doped, photo-
sanmosza7esoe channel | ayer 406 connecting dopedeca@sd 2065000043
region 408 and drain region 410, gate |layer 412, gate
contact regi on 414, and source, drain and gate
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senswé%qﬁ%nqimaVﬁ@toa DIRYCHRAMRINASPIIHIOUS AF-1UBEHD:
is fd?@@d%ﬁhébr{ g&bs i Werdal AprorhbRcPager 408088 mducasqsumeaﬁ e

carr espectively in channel 40
gatei!apeu'lzmnd seygice med siraini regioas 488 é‘tmoﬁ%WWEE ’%{ﬂd 424
ngt h
sec e B o el el o ot
junctiban 422 andazmavhiub definesienletion 5egions progimateitd #5- and

h f 408
junchis 428 o428 Bl faten HY B BHLGEL S Pteher e o
bott6iRg f ehanisd I06 [dﬁﬂ%}.lrc'lawmdadmm raégiais 40& anctdtharst s are

n n t.
chossiOraRDeGRp R L e aepesist R of A s DR rprepbtin
reg:&’@ﬁlb&%’ﬁlétt& cﬂ?/lgb A8 and el2lhl nﬂgﬁyboa@e tmmt:ldenﬂh@mf
source vo a S IS a | aClr 0ss,.SO

daffemrmwave@gahgauémoraﬁmgg R ERaInPIE, 119 Dyt SBget
chaﬁjégho iy séﬁféeh@% éﬁ@ osnﬂéreﬁ@aﬁ@ thedbatcnn eleptisiagde

SI tively biased and gate el ectrode 320 is

the soatee Ane Hyain r%m@ms 498 and 41Rimay be betweep Qo @nd 3 to
10"985@&“,%%&&;@? el ectrodes are biased in ot her
Sui table é

rs as wll be understood by persons
killed in the art. [0086] As a result of the biasing,
[0084] c oifbeci¢aitical intereonnecisdire B cammpnication withdhe sayise

andé%n?élﬁoﬁsgﬁ@mg&éméﬁ, féﬁﬁdr%?t_ can be established. 22

[0085] In operation, electrodes 416 and 418 are biased so that a drain-
source voltage (Vgs) is applied across source and drain regions 408 and 410.
In FIG. 4, it is assumed that source electrode 416 is grounded, drain electrode
418 is positively biased and gate electrode 420 is negatively biased, but
similar resulis may be obtained if the electrodes are biased in other suitable

~ manners as will be understood by persons killed in the art.

H

[0086] As a result of the biasing, a conducting channel develops within
channel layer 406 and a drain-source current can be established.
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WD 2005/ 078801 PCT/ S&005/ 000043 [0087] Further,

depl eted regions develop in the proximties of the pn
junction, particularly near junctions 422 and 424.
Bax2005e788le vol t ages across the junction ar epcT/SG2005/000043
different, the wdths of the depleted regions at
junctions 422 and 424 are different - narrower at

1002} FAfiné GeBitfec fefsfins Usyetipi t pibfnitod Btihe > 10
jungtRak lplagicuaarlyme‘af ametionsvd2hroh d24 sBedysedhs vdgamtqsmss
the gy RBE AP g e A T r i BT SR g,

, and 4124 Q@Blﬁbr‘eﬁ'ﬂt— riaRidwes atiphelich #22and Qﬁ@é}]atﬁmoﬁbn 4pi on
sensor 400 is shown In FIG 4B. Semior 400" has a

T hq& thaiwa gerietediaaipns wilbiavedifieregt sprctied fespRRse PERIIND
n
at fBAt fa RIS, B ol Guip(ENio R BRfifed Risploatffom
the g |senmn$2:ﬁ tbedepletashregiopnadditional gpesiralcomponentsiafed
SO rain regions 408 and 410. As
*"C"?%%VP@EPS%“ bt g%{ea{g?n Gggl ons 426 have a hi gher doping
concentration than channel 406. The wi dth of each
[0088]ann&ivadatidract senseg 40 isttewnein Fi6. 4BaBensdrai00ihassl e,

P'Ufgﬁv%?ah'a%ﬁﬁg‘ﬁ%@wi OB G (Pt pfd i SRR
dv an l% rﬁmtﬁga memie(te‘gg? ahmcnw e snal Ine'|I dnonlteIm; e

 regigh® ea%rﬁanie Shsllew BrdeRotierY deEher btvesiEoues nd)

draih ‘?éﬁlohé 468 ang ANo0pkasHiIBMe8] &fHtactde %loﬂg 426 [a08 Al higiver

operation, electrodes 428 are not bhi ased and the her

dopegeqmceﬂegtlorathen ishaneel 408. The widihal eagh ghaniel Sop
regl% gﬁ@ }ﬁ%r gﬁ'rligl%r %%9!2@%" 85 QR A raBAcARBBAniIGEY 268

'S narrower near source
allovdeg. Chadnel Imr406rla senaari00iieap berlengthenedtct i on of

acod Bt mofbfihisr SaBfteotbns TR i sl BGaUsTPYR"
electtofié= dR8 tares soall mnszefasdmp’inaredi to clproe! ¢aBtaat regions 426
cLio wll have different

S0 ﬂ%}&%‘%@%ﬁg‘ I];E‘LE P@%@%Ts & acillustrates

_ exenpl ary spectral responses of depletion regions
[0089]1w gy oﬁefa‘t:en eeltactnodem& ﬁrelnothlasadobrtbtfpmth@rr ele¢frodes

are higves Buadr sarsar 206, A9 AReditt A epIdiS3 Rginh 450 Heulops,

along FNaRRelI8RT 406) Ocplitéd f?‘omaemi ﬁ&@dﬂeﬂmarmmuafe mmlmt
wdth is red-shifted a %&9‘ rrg éa d en

 wideF 5t gFain &‘!Qsﬂvwv%rgeec %ct@arfrf ated 96t 4 B ors

' chan?'fe%@nt%ﬂ e?ﬂirﬁiz@hﬁ@hfreﬁ'@ﬂy ¢8fstaatwideh. Sikek tHe widths of

determ ne tfhe vol tage variation
different sections of depleted reglon 430 are different, different sections will

have different spectral responses.

[0090] FIG. 4C illustrates exemplary spectral responses of depletion
regions having different widths (0.1, 1, and 10 pm for the bottom, middle and
top curves, respectively), developed from a pn-junction at a depth of 1 ym. As
can be seen, the peak for a depleted section of wider width is red-shifted and
is higher in amplitude. When constant bias voltages are applied to the source,
drain and gate, slectrodes 428 can be used to determine the voltage variation
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23 WD 20051078801 PCT/ S&005/ 000043 al ong the channel
due to photo-generated electron flow in the channel,

whi ch i s dependent on the spectral conponents of |ight
waridgemssan surface 402. By choosing for eackcodGroosaiooods

contact region 426 a certain width (along the
hori zontal direction as depicted) and the nunber of

a;o%.gqhe EABAAL uE 3G bR ng%le?éi@d Blker6A B tha'bldrREr Mhich
ectral ana yse rimed. By choosing’ a
is dmaandent @Ieﬁterspebtralmmﬂmenbsl oﬂdaghj mmden’omn anfaceaaﬂﬂl By
enbg¥ing i 36 shonie 6008 o 48 ¢ RS b eeng e °
hoNAritalairedtieipag bepistedh and fHMEhbEUSF sueéh ﬁ:bﬁtﬁlcﬂ%glons

phot o- generated el ectron. The dependence qof the

aloag&w nnebiferent sheciralrnalisessepibe perpmed; %hC'WQSWQ
o cBfin RRTg! PRLHENAG)RInGER IR e RRAE A6

erso
regwn;i shectial compenenisdé ighttcan becdgioeted :imnaﬂ@rmagm@lde of

vl PR aob BT Enaif et o BF RSOl e Aty e
demndem bbthespegmdloresparserandanction dégtie,atepletion wiittdnd

th t ed 430 .. As
gat§ S el b efrEnd ) Permdns sl 0 Bt <
Further, the sidpe orqinamgﬁcr&awﬁﬂ depleidd régioR UBO alorgfthé charinet an
Sﬁ%éjetermnedb nBarlngthe voltaeS| nal s
can Jusdgd by ot 9@1\ tRin hiaging voliage,ovhile; adiisting k¢ on.
blas[lﬁl:?%ﬁag@' Srefhadditoa gate%f?élﬁl‘ifde% affdey th@%l@ﬂ%@oéﬁihés

follows. Source and™ drain regions 408 and 410 are
entlramnfaﬂeﬂyeﬁrpam uniforrnly. A3 gan petundersiecd, Anthis case, the

e, . ially
outplf SUFRR, ¢4 b Vgl Sldr @RSl b ertche SORASHS Bo
det@mg.d Iay campatinghthefvoltage signalseobiained sespestiedyiwith and

. Finally, a highest voltage pulse is
w'théﬁﬁrh?rﬂgéggndral n region 410. During the application

of a voltage pulse at a particular region, the
[0094¢p| Alieorativelyysensard®0’ may becoperatedsas folims Sowrdd and

araig{EcNS A0ERIG Rl e Rk it SEme BRASD Anye
mcreﬂsp-lglseﬁnghwm&{geq:ulseaistagaemldllyappﬁemﬁpéac&tbhaﬁglelé ; { Ie Cte

t ect ed th
cont Bighiads, Saf xaid, Sartice o s Sissiin soice
reg:di\emwmmyr agilgﬂést %Itag“e%hlé@usaéﬂmléﬁ 't@Hﬁﬂn reynérf gignt

wavel engt h _ba of incident Ilaht can det er m ned

During tiecARR aE‘Prhﬁﬁ%IVO%QerPlﬂF# stapg m!aﬁg'egl%dbe gepletion
regichPéHth® PartlcBf? #gidh Wil eﬁ;f‘d?ﬁ%nﬁa@?anl%gﬁcli hggtalﬁgﬁ;g;eggdf or

use I n varlous Sp ctronetric
extentof expansiaamily demnd on thevalue of thernaltape ppplied. When the

~voltage pulse is applied, a current detected from the particutar region can be
indicative of light absorbed in this temporarily expanded depletion region. As

can be appreciated, different wavelength bands of incident light can be

determined along the channe! with this “scanning” mode of operation.

[0092] Thus, sensor 400’ can be adapted for use in various spectrometric-

like applications and can be readily conirolled electronically.

[0093] Another variation of sensor 400 is shown in FIG. 4D. In sensor
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[ 0093] Another variation of sensor 400 is shown in

FIG 4D. In sensor 24 W) 2005/078801

PCT/ S&G005/ 000043 400", a buried |ayer 434 (per) is
prowosiesdel ow channel |ayer 406" within gat epdBESE005/060043
412. Source region 408 and drain region 410" have

flat bottons at different depths. As can be

0§ BEiFiet Bor R LB BIAAG BB el ARSI Ll
layéregizc) Boute8 regian 408 E0Id diainl redienet1@) have ﬂatftfcﬂshoﬁmt at
ion, 434 has a

d Mb b b
iGN Sk iS, & A0 PPEHRReRrilher et SERPRes AE |y or
apptSftiataRbiksad &Elet&ﬁfegldr%%rem&égurcb%ﬁddﬁﬁh&bglﬁﬁs 408’

| on “ar ound junction between |ayers 406" and
andm% * will denelon|aj dd@mt@lﬁpm& Mqﬁemfﬁﬁﬂaursa bFied irgion | ¢
I
a4 3 SRR ot e 110 Shadisls a0 oo
gatb egitn ddﬂethefdepbt@atregeharoumumemjuanﬁbmb@weeo layers

o 0 B0 GREPER R s
thatctﬁmm'@iﬂaidh rr?‘glome Ivéq,rmlﬂ IS@htﬁeéakgd‘ce amd' cUa:geﬂ:—gMd
IR N TS

:-*,ignl'aiE ErtampRSespiitbivEld vidletbie iRmmhiiicio E!Hférfeﬁf ﬂﬁctra!

bi'asi ng voltages, as can be understood by personﬁ

comprentscf incidegt light, sugh @ecoregat A red COBIRONEDIS. May
T T

4os\md momndiar amlwng diffegent; tsasn@mtagesmacaa be | n
[ el

und SRR 1) Bersano BBl BF it BorloR G e 0 429, 52088°
used toedetpet asignatimicdtiay ef thb4tﬁtaMnte:hs1tyaof Ilgbt atesbebex by

in%i mtin oxide (1TO. The MOS gate is shiel ded by
sensgf Bgaque | ayer 444. The operation of a MOS gate and

t hus sensor 400"' can be readily understood by persons
[o09=kKi | Pedariatidrhef sensord00Y is shovevin FiG1 4E sindessorn 40074 ra

0095] Ot h of 0 | .
MO 32 Hfarmists o bt 48 S8 WS el ali® ap i
Iayeldﬂb?ﬁnﬂﬁ t‘ﬂ%p”a@éht&ﬁ@tam eb¢42 whithccamt beymaidewf lndlum-tm
st 8, 35 s iR B i fora Gt 08 pdlih
ofa mﬁ gake bR¢ tisddhsaf 4dmﬂlc,%w B veadily aRdasRivd byohutsa

These p-type regions may al so be used to detect

Sklﬂeddﬂﬂtlemﬁb&lﬁe@'ﬁglﬁml@t fsodeBTiPE@N.-now can be under st ood,
enbodi nents of the present invention

[0085] Other variations of sensor 400 are also possible. For example, a
number of discrete, strongly doped p-type regions may be formed at various

~ locations in channel 406 extending from surface 402 to gate layer 412. These
p-type regions may be biased to control the width of depletion region along
channel 406. These p-type regions may also be used to detect additional

signals.
[0096] As now can be understood, embodiments of the present invention

are not limited to detecting three speciral components of light. More or less
components can be detected. Particularly, many spectral components can be

25



are not limted to detecting three spectral conponents

of light. More or |Iess conponents can be detected.
Particularly, many spectral conponents can be 25 WD
AHBOTBB/A1L PCT/ SG2005/ 000043 detected by devaElsEzoemgoood3
conducting channel (s) and depleted region(s) at

different depths below the light-transmtting surface.

o S LRRNRP G5B SRR B SRR

dlfféﬂér@ Hb fbemv@fhé |mn’anemitmmg surfaval Eurtberothd spefralcan
t he I ese

compomas éﬁtectab?dﬁﬁqe P i @?%‘&@’eoﬁp% P&?ﬂﬁ&f RS
colé#h%@trfc'“é %Hé?ric SPAFRGO8Ndht ca Be pifbfrRe@ Withsensor s

escr |be ve can also be conbi ned or integrated

embaodioends of thglpsesk inyentigvr exanpl e, device 100 or
sensor 400 may be conbined or integrated, as

[009 “Sf-‘Bf‘{hgdp ré%sgaloé%dfg%ctsr@%gﬁmhgﬁ tl%@@ fsssbt?él%@mpbh@ms

Integrate ssent | al sensor
thesliffereridsensdey descsbed abov®0an alsweb@ecombrg@d er Iné@wated ido

T
intcgfated cailldsteited th FIG 46 dsiah beammbré&étedeﬂmntegvﬂbq

sorvueddis erpenta ol S0 o sPRBTB s aypisr,

gatJ Ha%r 44D ofSerpdtr HOQ li$medgéed With Mtdprgeﬁs lﬁé;@r 106 Of séhsor

unction is forned between_ each cg aCﬁEEL
100ctn o pnewehaningl 482.4p spatachyil Sogf&@r?ﬂa' BW*JPH@BS

anddﬂsﬁn §afiele cha ﬁémmsto@pd@y@bae id ﬁ‘tﬁrﬁ%ll?%ﬁb‘ét' ng

ne S an east three depleted regions at
Regibris 454and es_@arsstrcpmgpp%prtvm trgions. Jhis. thiaa ¢hapnelg

are RN S<HFY 480, K UHEHUAR oHinbd Bomebyfedor gl 61 2 .°
adjatentemannists, fsaran Imqspmecﬁml isuch acemhined geviet eambes

opeihbEiq agietap fsge pftiducdibsPnSSng st e BehipR.)

regitRs &t difbrsmbaepthayer is connected to a pair of source
regi on 516 (p++), and draln regi on 518 (p+), which

i fferent de or £
roosy 7 2 peipris SinabaETef B TSy Heybd el Bt oS byt
Iayeﬂaﬁﬁi lﬁaamﬁaﬂﬁéispmch ad lzl!uh’eaﬂedyle FIGAr BA iandiSBatAsctay
t he si i.ch have, sim,lar ani

be seBBuRENEL ¢ sbRuchdtads RO HBEHENDEL By By S04 [ihticne
(p"),[ARf ki gitBiIdVers soa ‘{ﬁ’f]t 570 (19 512 (A W 514neff Edch"

ion or | ayer. instance, 101 3 for
chanr;e? layer & cqmﬂzter%tp as,palb pf seyirce Tegion 516 {8 brﬁnﬂ drgip - p+
regiciP8¥8 (79 WHidh favlifferent depths according fo the depth of the
corresponding channel in which they are realized. The doping concentrations
of the layers are indicated by the signs which have similar meaning as
discussed above. Further, the double-plus sign “++" indicates that the doping
concentration is higher than a “+” region or layer.” For instance, 10" -10" cm
3 for “p™, 10" -10"7 cm® for “p”, 10" - 1018 cm~3for “p*™, 108~ 10" cm™for

®© 'H':l 4-!-”

“n**, and 10" — 10% or higher for “p

[0099] As can be understood, three JFETSs are thus formed. The strongly
doped gate layers separate the channel layers of the JFET from one another.
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"n+", and 1019- 1020 or higher for "p++" or [0099] As

can be understood, three JFETs are thus forned. The
strongly doped gate |ayers separate the channe
mayswsomegoit he JFET from one another. 26 WO PCT/SG2005/000043
2005/ 078801 PCT/ SG20051000043 As can be appreci at ed,
sensor 500 includes |ayers of alternating conductive

t f i
Ao (355 pbt e s it 1 Ben BERT O diridRY cohliaa®
typé%ﬁéﬁhgd ?ﬁ'aaédtia@rat@ OIe;xtmezcusn;gjr dwaeframdhe hrpesaJFrfwbaﬂuugl s,

eac etween ad] ace unctl ons ar C
foroingAANCLiRss & ANisret depitts BRMEdS s Birceand BEeed on
chahR&ls SSRA &R eh w6 AUJECBhEA-iuRtivnd, [For BBéh eifvd@ieg|doped

ectrical Interconnects in comunication with each pn
drainandtsource regionsl are formed orethe substrals incoamauniegiioRWitan

v BB R AECA A \ tcopigor
are %Smbfmmﬁdédhﬁl' he_ediﬁe:mtt de;:jhe g:ianhrbe cd‘rotseh dmgenarate] @T@IQE)]h

i ng i nsul ation hods  such, a : renc
carf ek S BECRE 5 BePon] SRl T

surfbfStHerbéSEctvatelions oPehamtels.n such a sensor for
Insulating it fromits neighbors as well as for

oot} ve el FRTREsstch Ardhe Shrlg Trarthpgete
(ST &HhhRde, sfidRint bicBtical Mulalion icah betprevided Imsithg séndor
As shown, sensor 500 also includes a SiC2 |ayer 52
for inpiatingrigiram: itscnrighirars asvRil#s fof instilsting i’§j‘°'é§16g'ﬂpﬂ‘bef"8%i
on iﬂéﬂﬂ@ Fqsgf;ﬁiﬁwg(%é@clﬁéﬁéw&lv Firs¥ eRBthg Atréhéhin the desifgd as

trench to reduce stress_due to
separatiomaren, af iltusiated indSigaPAi A shewnciansar $9Qalsadncludes

a SiEBLE20 gl fand{ P ShoiEFRS, o and by o
522 (mayp be stroagly ddbed iB@itphséming asyfillgin theptrench {pfeduge
I 504 d 05 -, 0, 2 f | : t
streq< o o b hebya el e it it 21 °
is optional and should be shallow, such as having a
[0010h] ckn&isarafel Eyers 562,504 and 5@6rmay hengnowsrepitgsigise and

drai i 516 8 i i on.
Theif hiets Bisire respoafialy 18 S Pty lybr 2 b 7 °T',
layezg%ddﬁan& @.g5 D, 0d2 @ﬂtiifcﬁﬂiaye%fsoea Eable ga’gagawilzmﬁp ua\tl]s ansor
. . e_advan equs ecause SNna
suitabls S 5t Galer i A Add @PToRal AT RsoL BE SaieR Bl 8
haviuﬁd]egmg%’(r?em,uaem -8 0pR ordhinhBe SiAiree avgtleis ragiens

into a single _gate region 524, as shown in
516 ad=>1&can berfepned by di 'be advant ageous

[00102] Possible variations of sensor 500 are shown in FIGS. 5C, 5D,
and 5E. As can be appreciated, sensor 500° may be advantageous because
“the JFETSs share a common source region 516°. Further, the JFETs can share

a common gate signal as the gate regions are merged into a single gate
region 524, as shown in FIG. 5D. Sensor 500" may be advaniageous
because it can be more convenient to manufacture as french etching and
filling may not be necessary and fewer masks are required during
manufacture. For example, a layer or region may be epitaxially grown, which
may be more convenient to produce than a deep, strongly doped layer
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because it can be nore convenient to manufacture as
trench etching and filling may not be necessary and
fewer nasks are required during manufacture. For
exQpgebe7ssd | ayer or region nmay be epitaxial | ypQr/oeas/000043
which may be nore convenient to produce than a deep,
strongly doped |ayer 27 WO 2005/078801

(0043 produced by diffusion. [00103] FIG

prcg]ﬁ—géfﬁ% ?ﬂat esS a dual - JFET devi ce 600 which includes a
JFET descri bed above. Device 600 falls with in a type
[00#03Hevi E¥S. BAJMMstrates adugl-ditkel deviee 608 vauch insllidegds an

JFgggﬁg%@gbhe §EE$g€I8§§6 %&G‘gﬂéare %E‘gr (? V&% E?rﬁea% "\
dlong’ER]egmersm mcl;siedmm cmaugﬁissmém pratmnesiFéE'l?é)l
s04,0ng bt ahine it P2 B0 LAk AR o arREl S S
stn%)re@ﬂeééiﬂ:éa! ave) Thd soliReEqsl, $2) @fﬂﬁé m; QFETs afel tage
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com@me@léslwsed)ﬂﬁae gata (GLar G@hp‘seaffh JchE]T !?ecw&gtﬁdée the
T.A t | 1d-wvd fil
draﬂﬁ@%%)ﬁg{@ggfergs can b)éplsggn thergrgrle ?hIrZe

possi bl e operation nodes for the A-diode: (a) VD <
[00¥0Hak: [pperatian, xvoltagenisappiiad perosgie dmas&s (1 ﬁ%@jes
DZ)(@)a Q&udéé’)eoa' J’I’hér&\'élﬂtch tlsﬁﬁaﬁ%% mé%uré@ﬁ}sm@"érh l'i ght
ce a change |n as conpare qul escent
amnheter 6068.UA rthcal la:hfu yr@'ﬂamg@whmﬂaGuﬁadAswamdtre $REeMN

t 1 t f
theiArB Hired FARIIE BitiRbh Pibacs e hRUPARKEY (e Ve YR 1)
Ve 50V < Vg paed ¢d)i vy Mp,g‘e Ir( m):;des k& atdb ituminating JEBT 602
rent at near . zer
(or S0ertevights San indiuek . Ehetisn s SE GROPEIpdia e dliesoent
draif hﬂh@nfﬁ ¥ ﬁ@f 3 6haﬁ1”ge & lSér Dgecgﬂj tﬂemmrﬁbutlpgt signhhh&catmg
X
the tl‘#é'ﬁ!iv o Rolet atenect iy g SondBsria See| SLBeJEET s0or

{ | e
o4 el i ), s o sk, gt o g,

- zercﬁe\s willpe nmﬂerﬁaod,ngcm be cﬂﬁ*yﬁﬁfégﬁp'ﬂiht%h% a phala-sensar ar

senﬁHé/ Ui B%e{"a%%qg kni§ L‘% dﬁé ggﬁ %}éé’m ré‘r’ ggﬁ ggargai-eoff

mode?trw qlmmhammit dmﬁmsmdxrecmaseammlqa@oa ofithevipfensitwpf
JEET,

o 3esabelio 8 sol 4o Urfe §1nsl8 S 4 BBt anc

604,l\miEE|Thﬁ\’kmgdomhqmrewatkmhunesodentrdna:h clFenit.612 in the
array to forma A-di ode The circuit of device 640

[001%5 ol rﬁ&] %‘%?mﬁst?ﬂe% device 610 having an n-channel JFET (612)
sensor array coupled to a p-channel MOSFET 614. There can be a number
(N) of JFETs 612, where N 2 2, but only two (612A and 612B) are shown for
clarity reasons. The single MOSFET 614 couples to each n-channel JFET 612
in the array to form a A-diode. The circuit of device 610 also includes a switch-- - -
616 connected to each JFET 612. Each switch 6186 is connected to an array
switch 618, which is in turn connected to a signal source 620. Device 600 is

grounded through resistor 622.

foo106] - MOSFET 614 can be a depietion-MOS (d-MOS) transistor. It
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616 connected to each JFET 612. Each switch 616 is
connected to an array swtch 618, which is in turn
connected to a signal source 620. Device 600 is

Y@ eeewsainr ough resi stor 622. [00106] MOSFETPGI/SGIHON000043
be a depletion-MOS (d-MXS) transistor. It 28 WO

2005/ 078801 PCT/ SG2005/ 000043 nmy be desirable that

mé\fqesdé%:réﬁs b E{ this MRakred Hsl\hém’farl%‘?s‘-’(oﬂ'aéﬁ éii hldi’hhfé%h@ihd

as conparable to the cut- vol ta
voma@ETwcmas somphazable todhe cukoff veliagef «th!EJ@ 612 so tha fhelr

cufiyBfiadt FinseRaSlch SEE0TPR bR, A pRnehaEREus, Vo
traﬁﬂé’t&iﬁi@ la‘tl%ntagebué BecaUdet isteasy aindiconvénientte falkdos MOS
kRO {08 CHORHEC R RaYe EOPSLiAll Wa ChABGIgH 16 have to

be ﬂ%ﬂ%h%é,sa\%@ae\ﬁa&tch 618 is "ON', the A-diodes in
e array may ecoma funct| onal sequenti ally. Wen

svvltch 618 is ate 614 | S ]
[004PBundeds mla@ Hn¢%f§togﬂowhm QW“F'F] 63845 E?'N .]*h Aplideg in
the By oy Heiome frigfon iequattidi, Whefl swith s 1935 JOnE", e ¥
gaté of MOSTIEh§14iigprounded jhrovgh msisten622 dn operalipReswitctho

"- ' - i tH &, 2
618 enidied s 1O SychEs g18Erd el uthed |ON P TFETeS
to selkdt & paﬁtwuilarelFE'l’c 612dor bensisg tighto Oyt eng switgie616 il tumed
to “GREBES B st Uk sseRaed e T Pg P e HbtvR PRT I o7
othérhﬁlte@%zli'e wdzE&ng@ntMET et ts éamé it Eaﬁ bedjsedny fdetect

Sul tapbl e sem conduct or e orm
spegifgl cgmpangptseidiabt a%gﬁﬁsg %’?sﬁ#@e So‘?’{@%rﬁm ng

selééfed ntiffly £62501a8 time! uhieﬁﬂans ta@dcivs IFET @anipased
conpoun subst anCe nay be. used. The base sem conduct or

iderdified-be doped with any suitable doping material to
obtain the desired |ayers or regions. For exanple,

[00@3?5 ph Of-\ g sﬁﬁaﬁé %@H‘hébrﬂ%toli? fhateRsl mapbe aBad ‘to fcrn any of

ers n-type conductivit and boron
yD y: |IGOI¥

the ﬂ@“@sﬁiﬂﬁcﬂbﬁd pbotqrwsoas/ev sensinbdepesad of sxample, si

' n%pg}% channel
and %%{F%C an s%e us e@ﬁ{ n g?glc%frﬁ% bQ U%Eg n-ﬁée} b%?r:bE-ﬁ)- in sone
semidontietoe marrpleaiqpedemmnmta@lejé@wm pratedaldo ebtaim the

sk 18R QIS Yol Bl iy oo

as dopatlfbr fommireniagers of n-type conductivity, and boron may be used for
p-type layers.

[00109] As can be appreciated by persons skilled in the art, a p-channel
JFET can be used in place of an nchannel JFET in some of the exemplary
 embodiments described above. The operation of a p-channel JFET is sjmilar

to that of an n-channel JFET, except for a reversal of polarities of all currents
and voltages. Further, in many situations, the source and drain of a JFET are

interchangeable.

' ._ [00110] Other features, benefits and advantages of the embodiments
described herein not expressly mentioned above can be understood from this
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and voltages. Further, in many situations, the source
and drain of a JFET are interchangeable. [00110]
O her features, benefits and advantages of the
avh2ands/nmseils descri bed herein not expressly neCL/Gresi00043
above can be understood fromthis 29 WO 2005/078801
PCT/ S&005/ 000043 description and the draw ngs by

j 4ol ' A0 course, the above
desi@ith Al trefialiial 16 Rbde skilRfihdhe Gt CDUTSP, LI Ave
only and in no way limting. The described enbodi ments

[0041H su&fepuisk) ibetabavarsiesnihid erhodinantyarg itanded o be

s O 4R ho bl A, e BelBfbe P 5RERentplrer] | o

suss&stible fodaky pwtiificatiohd of form} srangsmentad pdet; detalsognd he

OrdeH OPSFIIRB

cl ai ns. BO‘ECT[SGQQOSIO 0043, T, ] S CLAI MED hS: 1. A
he paghtien, raiien,is interded toengompags all ek

modjficatioh3iin 1 ddopd! RBUHHEGbY ik daimai ng a first

epl etion region formed on said substrate at a first
depth relative to said surface, a second pn-junction
defining a second depletion region forned on said
substrate at a second depth relative to said surface
deeper than said first depth, a doped,
phot o- conducti ve channel forned on said substrate
between said first and second pn junctions, said
first and second depths chosen to generate (i) charge
carriers in said first depletion region in response
to light of a first wavel ength band incident on said
surface, (ii) charge carriers in said second
depl etion region in response to light of a second
wavel engt h band incident on said surface, and (iii)
charge carriers in said channel in response to |ight
of a third wavel ength band incident on said surface,
doped drain and source regions on said substrate in
conmuni cation with said channel; first and second
el ectrical interconnects in communication with said
source and drain regions, respectively; and third and
fourth electrical interconnects in comunication wth
said first and second pn- junctions, respectively;
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wher eby i nci dent BN gh"t on said surface at said first ,PCT/SG‘2005/000043

second, and third wavel ength bands are detectable
through currents through said first, second, third and
fourth electrical contacts. 2. The sem conductor
device of claim1l1l, wherein said first depth is between
0. OWHADISELBIMERIEr ons and said second depth is between
2 and 10 microns. 3. The sem conductor device of claim
1, brA&mifRdustor dgkiess eqmprisigi d substrat e conpri ses ‘a
sen1conductor waf er, said channel is epitaxially gr own
on s sem conduct or devi ce of any one
of c?%ﬁmma%%gmm%sm%ggreln said electrica

|nterc nect (p%}sa id surface are on a sane side of
sai d "s E‘H” ngFfiEst deglsiop GReIAN Potmsd orjeslpistlistrale ataisst denib
of cﬂdmwsmﬁmﬂamam wherein said first, second and third
el ectrical interconnects and said surface are on a

: la ggtasaecbad pjusBindiefiihg 3%&0@ﬁcﬁdepl@fﬁlﬁ re%aﬁ“ fgrmle§ Q\L{a’a{dgubstr te %t 24
Subsry fibeol Mg Qfﬁ“e s B B s i et

PCT/S$?€$5@OOOO weoh The semni conduct or deV|ce of any
one ST g °8V8§ ArEE FRTPSIP ARy sbstielp bejee saidistond
adj OISFHOPFgﬂﬂst'@n%hannel formng said first pn-junction
and a bottomgate region adjoining said channe

- f or nsakyirs alidcbe@Ae Qupohs PrbaHE §enBite (iSchhrgk GiAERShid ﬁ@t%ﬁ‘et@ﬁ |

: gnf 'oFeﬁiBn ﬁ%g&ﬁg{;g }(g?]n doftan av%ien\gtﬂ b%\%&]@idéﬂ? %‘fgi !M%ﬁff Hlbcharge
junc “J?F? i ?aEﬁ sgeoad fepletiongsaion iy respeise 1o JghEDr p sespandvesivelength band
" subsinsidenton s3id sulfve, 3¢ i) coangbueatiars in @8y dhemel respomle @it of 2

wher @idwaSakrdt bhriaSicid6ABANE LY. t YPE 1S Nn-type, said
channel having' a doplng concentratlon from about 1E14

to ate regi.on havin
dop ?Jr%gé%:d{)éﬁnc%% ? Oruglc?irr egion Or"c? ‘r?'ﬁd 3 A e guestionydhy fa'dl%i@e'

cm ttom gate regi on having a doping
con ARG PRl oG asouEos eoriisoauh sHEsroe Asiah o
The rediasp. cespreticyaind devi ce of claim 7, wherein at | east
one of 'said source and drain regions is.of said first
c ondhird tidfeurth yipericaindertodfiec iR Mbafod MECRIdTAl 8 e@id pr- -
aboynctbndERGhetEy.3 9. The semiconductor device of claim
8, urt her conpr|5|ng a contact. region forned on said
S 0 nec sai d_bottom gate region to said
UL, fenlBOE S ok st oo sheargt beasg ion
. b‘lfﬁtqﬁi@b'%ﬂwﬁi ce!"@t?diuwsh eait ik cedouds ttnrg/qme fasiith dlectrical contacts.
' Cé)nxj:her;t at F ge ,east = cm 10. The .
sem cond ﬁ%fj 'Gtor drxige gfg a1, W"bfﬁ@ figgt depth kibphwess 0108 top.5
f-ur PisEPs 46 pakt Segind denth is kppveergarairio efcrons ai d fi r st
conducti ve type forned on said substrate betmeen sai d
surTreceniandickedeticd & Plaim 1.or claim 2, wherein said substrate comprises a

semiconductor wafer, said channel is epitaxiafly grown on said wafer.

-4 The semiconductor device of any one of claims 1 t6 3, wherein said electrical
interconnects and said surface are on a same side of said substrate.

5. The semiconductor device of any one of claims 1 to 3, wherein s'ald first, second and thfrd
electrical interconnects and said surface are on a same side of said substrate and sald
fourth electrical interconnect is on an opposite s:de of sald substrate
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gate region, thus forn1ng a third pn Junctlon defi ni ng

a third depletion region at a third depth relative to
said surface, and an el ectfical interconnect in
conmuni cation with said third depletion region for

det &c Thersgmidor@Lbidr B&Vice by GHelofBimshlo 5, E?ﬁpnﬁﬁgrﬁt @W@g‘}o‘ﬂr

devi ¢ t

£ ot Wb o B ol
condut@d qrRnnehfaraing g @n@)wwsr&*m s9idskapnehdopechnd p ﬁfﬁwprrdgcﬁve
sai d tyehsaiiete regidnaidopbdof amh dpgosito, Eé‘tbrl’dicrﬂ!ﬁctdlél%t th@Forming a

~defi nﬁ:ﬁbﬁon@iefﬁﬁﬁ&ﬂmﬁ&&&rﬁl Ca?m Ea?cgﬁuestﬂ te. and an- el ectrical

i nterconnect in conmu on W said third
de reqi n for detecting a _current therefrom .
S e R e B o Sl eI ol R Gy, BB
_ t op cfitnselhadiogrdepitgnpacettiatidndion about tEdpiombput 1E16 cm™, said top
“conc efatelréioh 0:VHg a Hdping EBReRiBn GO BBHGT 1816 Qﬁéblcl@l&pém'c L sy

11, r

rel %@t"ﬁa@a Bl oprBlot bt - £ bl hapen
B }E em conduct or deV|ce of any one of clains 6 to

13 %?e&’%"dg%{?’d’e%%a?ﬁ?‘?ém 7. oHRFEP pldesst onepof paid jowrge rdgrabin

adj oiregionys gfahid fiisbrdoetivgiatesnd Bgiadopigerivbrtation afi ot EE20 06

pn j&nction, said buried region having a doping

concentration higher than that of said botton1gate

ool Iyt 3 4 REFR Aibd SRl 5 3 elonlos
Sheef'® F@E CAPNRENgpeid) @@DW rg;m@qqgtd fo_ygh elephigal interconnect, said

sem cwhdurgioo beittenf saitsecdnd ammyuctRaype bt a@brizbriwGtiof ot Dledef1E19
whergih said top gate region conprises a central _
-region and a protectlve ring region around a peri-phery

of egion, s rotective ring. region
 paoSReSafihbiRy "e&"’jﬁ 2 o0e 32t B it Btenrieing PPIHIB R
' tharﬁagﬁf‘“’b‘x’ﬁ ﬁQ"F §pe fowH epsaidabstrhkewsendaiiontiee ardsaidor i Ce
. of acoaie regive, tafs fehiag abirdpntjoctoh defMiﬁgE:S @ik Yefiofl redibriat a tifrd @

fir SfeptEEEuve t@:&@! sfjr'chE QﬁJ ancia% Lo ?ile il %t " go(fn% gxcalflg;r with Salh ng
congrﬂrgt%l l{/%'o'}r%%‘ forﬁﬁ‘&"“ﬁg %‘&'fr%"f H‘Pr‘*@“gl d fir st conduct i ve

_ xp sai d source region of said first FET connected
t o' I8¢ spmicgrueter deicehany orset eaiis B, furtbericamptisiag am addityingin
of $migeke faglos bf shifdecoldiebmPcioOmRash &)Cbntsﬁld %ktﬁ’nte& Blﬁné)sfald

.sal Bhan g, A8 roFrkig a Y o ublERh &n@&; a%z?}.lg ?p?e% 'Feﬂii‘ié"ra f’ el ng

ted .t ate're
£ or RS aipafeo P SomiuApieten wigpaid itsieplelp toapRTDAiseting
deviwentdferefibmi m 16, wherein said FET i's a JFET or a
depl eti on-netal- oxide seni conduct or FET (d- MOSFET).

112. TREemis@bichPadid€ kit ViteRinekid ﬁﬂé{at@r@&or@%a\féldﬁér% 6 to -
nor e .

a7, mﬁHg&ﬁg%ﬂggﬂpr|S|ng (|) one or

13, The semiconductor device of cla:m 11 wherein said third pn-junction i |s ata depth re}atlve
to said surface less than sald first depth

14. The semiconductor device of any one of daim_s 6 to 13, wherein said channel comprises
o a buried region adjoining said bottom gaie region forming said second pn-junction, said
buried region having a doping concentration higher than that of said bottom gate reglon :
so that said second depletion region mainly develops within said boﬁom gate region.
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regions of alter nat| ng conductive types fornmed on sai POCT/SGZOOS/OOOO43
substrate extending fromsaid bottomgate regi on away

.fromsaid surface, thus form ng one or nore additional
pn- junctions at different depths relative to said

surfnce: s%ﬁﬁorfd@&téﬂdé\ﬁhe‘a%y S}fe of s AG A, bRt to% gpe%llor‘? '

each C j.unctions :
addi t ?%"ﬁ“?egace" 8’“‘6‘%’“’5 Pf’e %QEVSJP%@ODW%PWH%W%W central
subst feg® S?‘%Pf@fewmjﬁ'g e kg bighesimping @n@ntedionsail BeiraMecker
or nothen satldedtalgddn. channel s, respectively; and (iii)
additional electrical interconnects in conmunication

Wi t18, TR @bRledRaidid} H&B@Lf a%%e \X’Hm 5% %rwﬂel%lrr]lcs%{{i ?I%i’ Hseaﬂ’tlrst FET,

. said Ol&gupgr nor.e channel er el
dept & 4@ E‘Wb":‘f@?ﬁ E&viai: ﬁ@'rhét’ ipg 3947F Yy & desira dhermel! of said second:-
resp ofadictvelypd, git a gafe ofisafdffiet @mductiviaye baNgtrbe ro@shd$ said first

i nci deMeomMBet&iab %aﬁ'éﬁrfuﬁﬁ Said SSREFET, é’a?tm‘atd @gid?t%lf %a!dqps?lf:’;gfi e

nor e i.nci dent sur
o S e G RO et BET, a8 rie g s b

t hr ofgmeded teja gaeiiepipron adid fissd BTG busfomhing ndiabFERRviens, and

said additional electrical interconnects. 19. A

s eff. Jonebmicvaiucteteloviaef dar 16 Whddili@id FAT YRS Rb BophdH 2

surfag&seﬁ,cg}gp&gﬁptaqjd%rgﬂnduct|ve channel of a first
conductlve type forned on 'said substrate beneath said

f Bf ?ﬁe%emé&ldgctoqg VQ:Q% @Q%\/ IoP c%@%éigg iﬁ, gurrpl???éﬂqgns;l@&ff%e (gre nﬁ)otrg )
_ r egi AENsh7lsPating ﬁﬂrét@ﬂf'\t? ipatomeatrsaidenteidexpalit BmiSACE
in . tiomyae egibh Say Rbrh Seidssairde, Qﬂ@ﬁﬁ‘rﬁdg on§§"n@resagt':ﬂﬁo?§ n-
regi o " rel ati Ve
gdﬂﬁbbm\ét ditfreft JQ@M Sl sgd g’u%gce agd/d 'HP g gne0f fﬂpigﬁddéttonaé

sal surI ac% sal ratn re R

t hi r §eYEBEH P‘é‘Wﬁﬁ“letaﬁP"%W“m@% fiit %’é’éﬁ"a@gpedﬂtwmdwume
She eegigPENSaR SURETE BERDODYOI00 Gitikacttond ofaid oGk @.o.@ amt@m;;
of adhardEP G&béoﬂvelysﬁﬁ @ﬁ) doRORPNG by ﬁtet%rﬁg%t\; i cdremumcagfon %th

eub _
_ S u fg% Q&aﬁlanpa‘?&%%t more %ngng Iftlﬂ!higi %?o::[{nﬂrﬁ c@nm whetpleseid on

' d ef id¥feriae} deptheen "ét’ﬁeb I oprsypitephargea@iTielrs fri respbnsel eptipih ofaAtOBEN
t o geveength Barfhzﬁ&@ﬁt Rkl suFhcs résﬁbcﬁ@lyﬂh $81 B hnork Regions, dent
resmg} vel e I ncr-den
fchm 5@ uEBe@th& n SQIE aurt%ce ot‘ £a dt di éf\é\'@{'tt‘f’a %@EPF"F%”@@}F@PH? e
char e tl‘°§a' s?t‘rce?&‘? ‘Ha”b‘éﬁj‘l’r@tq"@ﬁ?@fé@tnoﬁ elgettinel mat e
_sai tresored of said source r egion in response to |ight

- of- a second wavel ength band incident on said surface;
-17_9. A semiconductor device; comprising C

* asubstrate having a surface;

a doped, photo-conductive channel of a ftrst conductrvé type formed on said substrate -

beneath said surface, said channel having a hottom at a first depth relative to sald
. surfacs, ' '

.' doped drain and source regions formed on said substrate beneath said surface in
i communucauon with said channet said source reglon having a bottom at a second depth

relative to Sald surface sald drain regmn havmg a bottom at a third depth relative fo said
surface ) : '
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said third depth chosen to generate charge carriers i FCT/SG2005/000043

sai d depletion region proximte - said bottom of said
drain region in response to light of a third |
wavel engt h band incident on said surface; first and

seconch depeigkleiraivh of doRoSIRIREAY SonliUdie %@Bﬂeﬁ %B l;a?dns#?\l]&r?

sai d 3eMafe ect] vel .
el ectr| cal nﬁ%@é%%@@t& En&gng%ﬂ’ﬁﬁﬂﬂf f8hA “‘\RA"F%‘“@%{P@'"MPH-

prij uﬁ‘&‘?’f"Bﬁe R deplsioniegiondent |i ght on said surface at
said first, second, and third wavel ength bands are
det ect@birat denih ehaggn tmnmamttsrgé bt @Nsafi@hghndtinfr onse lo light of
second firsBrelérdiniben@hdedt b &%'surfd terconnects. 20. The
sem conduct or device of claim19, wherein said first

d e pt h s&cﬁse&fﬂ@ @?ep@n cgu?ﬁe% g: neraé%caarge;?%grserls msﬁgrla %@%gﬁgg@dp?q%gp

2 to ﬁf’gJ b°ﬁ‘?"?:? 6?{%30“?1 regipva reseontedolivtited & ercordensiatagt band
cl ai nind®nion sail gifaee20, wherein said first conducti ive
type is n--type, said channel has a doplng

conc esalditrat depk: dbseh Eo%@he@ﬁ@éﬁ%rgé aﬁéé in S%Id %ep qelflon rﬁﬁgtlp?oxs(r:n@es '

d
| if;‘hce%??*é* B gh oM Bl it e selenatees

regi SASHAHTAY a dopi ng concentration from about 1E14
to about ..1E15 cnB. 22. The sem conductor device of

any oifet af! sedord aiestridDintemorists i ¥ REaiS OB 5418 i SRS
NnOr € reglofd) tedfdetive§9i ons of said first conductive type
formed. within said channel distributed between said

dr ai §yAnGecaL egj.ons, said.one or nore contact
regi ons ﬂaw né&egwh e%% FommYBEongik sitRereelieni on t han

sai dW h%nne_lé and an electrical interconnect in

cont JEORNpent I95ton sy rare atsald dr Sbi’ﬁeorldranmmwmlarigﬁﬂiands

r egi Yhdetectable dequaleturangs tmougd SRt sséogd)ahd hikesefeepm 23.

The isteadrgesgduct or devi ce of any one of clains 19 to
~ 21, wherein a sub-region in said gate region

a@f-oihaFemjcontickr dehiemat elhimaoWBERR 854 et Bepin i€bn] GOLRS 0. having
a himghes, QaRkded depBRRGRRL" 33(& %@@mr‘is@ﬂ@ sarcﬁhrrg dﬁfﬂh 3 ﬁ M2 E,gp 33

to I j0iL extension of sal l'etion re
. gate region. 34 Anended Sheet | P1; A/ AU

' EGZOOS/ 000043 24. The semi conductor device of any
o fie ' Y SeRyeaidygorfigvigef gaim 19 i clpimep, whemip saidsfirst Goralticti@Mjpd @ p-

| ay&pe, said ehonvtebivts avibrig carmbrtatioh Ao ok S &l agomébana

,r egbdkourde SRldRin rbg?aaenavfngsgﬁﬁ.ﬂggacﬁngm R/%é% g%, g}{er th

e-se
eI ect‘ﬂi%“ﬁ 9‘°“t“ﬁ¥' c“}8?1?9é:8?°e?tﬁ‘“‘@cﬁ’ﬁ¢l”a'?ﬂub1ﬁﬂ torabant H15 it d

rgitﬂ]l | ayer for detecting a current therefrom ,
& sem:cunductor device of any.one of claims 19 fo 21, fuﬂher comprising one or more

' contact regions of sasd first condustive type formed within said channel| distributed
between sald drain and source regions, said one or more contact regions having a higher
doping congentration than said channel, and an electrical inferconnect in contact with .

_ eac_h one of said one or more contact regrons for detecting an output signal therefrom.

23 The sem:conductor dewce of any one of claims 19 to 21, wherein a sub-region in said
" gate region adjoining said channel comprises a buned layer having a higher doping

concentration than said channel so as to limit extension of sald depletion region into said
gate region. '
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25. The sem conductor device of claim19, further
“conprising an additional doped channel beneath said
gate region and an additional doped gate region
beneat h said additional channel, doped source and
dr a2 Theesgmiporsiudtan devipamiany arelof dbatnsvh td 1 Jariher caflphsig & adde
Channler irfstac@Rinehe Eﬁaﬁﬁe?ﬂg sdiddr Sl l%@&{]gﬁngtatl I&Ver formed on said
conmuni.cation wth said additiona at e r-é/gl oneq’ or
det oc PIRPYE P BHpES { FiesafdesrmrasisisMOsesys amion ot
seni cbisgomedin cdpminiatiop fvittciaglimetayer ibrdetetting a o.onm the@frong
source and drain regions in communication with said
gatas. Tiegemitonbetoneide akith 101aHABRbdprbiRg andRLiRAS bEHEd Shannel

curre | ' ce and dral n regions throygh

o - EeheatPEIMEE Bl o B GR) BREA  ildp bRl ons
any on@2ge! qu%{ PEree and graip gediogiie pagiminieatiprwit g additiene! chaynel
made and aingéckiod! intsrdoynectlin cdinhioativn 9t Qidsidditena PatbRgetor
SUbSt&Féﬁtﬁgc@éntstﬁe@Mrggpém_ ng devi ce conprising a
plurality of photo-sensing units, each unit being a
senlk cQn t devi.ce. of one of clains 1 to 27. 29.
Th ?‘S’ﬁ%?eg"3“§§‘{rﬁ’§‘f’nd5“' 1 ol 2 futhey SR SOYfRFSPE AP fediensdt
mor e SgPmEiRien with saidi gete jegion babwese erid chansgls fagdetenting 8 cgtentr e
ei t hertweenGailmalrbe QLU SEredi g Yaid 3at6 AGERN gat'e regi on,
or both. 30. The photo-sensing device of claim28 or
cl 8d, Mh@@mickhes @ abvics o £y Mo &idd Mo PJ?%S%&:%SJ&EM@ made
uni tsubftortm'a. Qhatter n,rf or i nagﬁl}?gg. 3T e _ _
phot 8- EBHEMRESIGN & &Moghbagh SUBASCHf ¢l ai ms 28 to 30,
wherein two or nore of said photo-sensing units are
st Hc REWIGIFESgSE itR campsines plurality of pholrsertsipglung$, each unit being a

~ phot esng@ndiciygied@npany shen@ciaitds eB2ng a junction field
effect transistor (JFET) to generate a conducti ng

channel phI@ENERT HeRceSPbi4in 98, AR eiRiwd bahdle &aid erlixrgity]o'f:ﬁgtor
havi n an a%sor pt I on sectlion

said ting ..channel ]
Dol ot U s B on 5 (dhnEe e e ey b
abhsorption section having a pre-deternined
phBt B ERARATRTNoVIP YiSP obghale 26 o plaim8 pydiprsia saidpletaliiof phelsensinao
deplwitgermraggiiconier ibadimgw sai d | i ght-transmtting -
surface, each having a photo- electric spectral
res pﬁa Eoﬁeﬁ!mgf@/iqabf ahy SHeSf dla!ihgoizia _t&%ﬁﬁ?&%&% '&tﬁ?m of said
wavel angt b o ai ight-transmtting
surface W?%dmléél%ﬁé;&édgggbe%ﬂ%@a Sheet | PEAJAU
PCT.SG2005 0043 sensjng an output signal derived
f%é\"%ogoéﬁ'gﬁﬁéfmqGHHP’EQQ:i've of the intensity of I|ight
~absorbed therein; and for each particular one of said
dep Piatigi Jynelipn Beidetfee epnsisiatJRET) to oenetate si gnal deri ved
from :
©+ aconducting channe! between a source and a drain of said JFET, said conducting
. channet having an absorption section below a fight-transmitting surface of said JFET, said

absorption section having a pre-determined photo-cori'ductivity speciral response, and

_ atleast wo depleted regions below said light-transmitting surface, each having a photd-
. electric speciral response peaking at a distinct, pre-determined wavelength; .

~ Hlluminating said Iight-transmitting surface with light;
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said particular depleted region indicative of the : ,

intensity of |ight absorbed therein. 33. The method of
claim 32, wherein said one or nore depl eted regions
conprise two depleted regions at different depths
‘bel ow S§a8ng ap vt signpl derived fram salg clnmel indiative 3tthe iftaesitnat tigho d

. of cl absotd2iheinch@i m 33, wherein said sensing an

out put signal conprises sensi ng a current. 35. The

nEt h Odor‘asch %r@duﬂ? o?’:é of S% 95 ?elteg %Bhs se‘?ig aln gxgpu‘rf‘m?nal’lc}e rve{;l i[r%rpn
N RIS EME TR g G s

channel, and said sensing an output signal derived
frond b etiisdl pt dainbZanhemisiald oashr meg idepfeted agiond ®mtise two

- sensi @glefedGilons & Hiffdr@Nbeptht Bénw%aﬂ@éhﬁtrdngmfﬁ%ﬁ&g Wi th
said particular depleted region. 36. The nethod of

cl a urce current
Corey TE OGBS 35 WA 0 B BT B AR R eS8
cur r ef* A&t on based on: sensing a drain current

fromsaid drain duri ng said illumnating, obtaining a
qui ¥s Herethgd dicngdrhersinsaid sepsing an aviplt sigal compriaes segsingai d

ph gi Odraifstuee dmdﬁt@brﬁ sﬁdﬂ#zﬁlﬁﬁ séid%oﬂr%@ﬁxrohldﬁrsh:@&dn%tar@éhanmtai and
subt r ag Ul escen

dr ai n- sgh'{rgg ghtss%fw o e({fﬁjg‘ S§'H Pﬁﬂg’lmar d&???ﬁedd Qg contprises

cur r elifng aggte CL‘I"I‘*f%t R ¢ ﬁ’t‘f@i'“@?m%" vith paid3Eticuin dendsited regisnd
obt ai ning a qui escent drain-source current conprises

s ed& Thigmathegof dajin 85 wharginisadsersing b @nh-sbur@rusai dmpesds: ce

and a quiescent drain current fromsaid drain wthout .
i 1| ursemsanl b dginseurd phdt@duckd ARGIVattbMghs&bn s@ﬁ‘éﬁig%r&%m current

c a"r&"h' Lérfht dréqrgdunﬁgasgg rligr}ﬁhaet“ rcl‘gg g@érm%ra%mgscg’n rralg—g?u?%%icgr?ﬁm grgl

subtracti ng sal ul esc rre

- qu F"’é%'@%fﬁtsa' phgh °r¥‘dET?F' Pralsouresgrurrentyariatien iy sebtrentingfog said drarn
35cumant sdidquissepnipirairsdomge cugam Sidnige sam gilthie gREAkrerdQUr ce
current fromsaid source regions in dark conditions,

S €37S TRgnedhos BileffrP3cCutefcithid Eﬁtﬁlﬂﬁagseﬁiu dscef Hr%ﬁ—%oJr&Qh%ﬁ
o et R M ' o o
‘subt FUTER PG ST Y di wihip i ifungientpasaid dght-anproitingesudece andssicdating

sour g4l quigsce diain-s@Bce cleat byatitvadingdaidativscaii ouRE c@leirom 32

to 33%;@@@&5,@3,@,@@& pre-determ ned wavel engths are
sel ected such that a plurality of different spectral

. CoEPAR ht can be determ ned fromsaid
out put ﬁ{s%gdnog};’a]ﬁ'%fgmhﬁr%om MEf%od of claim39, wherein _
sai FEfINgAANiPSCRNt spurce peRtirain seibsewovesiens insletnoeridiensa bl ue
CONporsg b soue GUrBAITroMGHM SHIRS FegditCliuthg @ﬁai.mmy]ﬁ{at 36.

: Ams @l@tﬁ’ah%ﬁﬁ)hdtﬁ A ST RSE 0% 6399[,0 9 by subtracung from said

source current said qwescent sourge current.

39. The method of any one of claims 32 to 38, wherein said pre—determinédWavelengths are
selected such that a plurality of different spactral components of said light can be
determined from said output signals. |

40. The method of claim 39, wherein said plurality of speciral components compnse a blue
component @ green component and a red component.
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41. The nethod of claim40, wherein said blue

conponent covers wavel engt hs bel ow about 500 nm said
gr een-conponent covers wavel engths from about 500 to
about 600 nm .said red conmponent covers wavel engths
above about 600 nm 37 Anended Sheet | PEA/ AU :
41. The methed of claim 490, wherein said biue component covers wavelengths below about
500 nm, said green.component covers wavelengths from about 500 to about 600 nm, sald

red component covers wave!engths above about 600 nm
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