METHOD AND DEVI CE FORWAVELENGTH SENSI TI VE
PHOTO SENSI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS

w 0@BLpssdhi s application clains priority from RCBSG2005/000043
provi sional application no. 60/544, 496, entitled
" COLOR SENSCRS BASED ON J(FET) STRUCTURES' and filed
February 17, 2004, which is incorporated herein by
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particularly to nethods and devices for
VWVGREOSHREFERENCE 70 RELATEBARPLICATBASKEROUND OF THE

I NVENTI ON [ 0003] Wavel engt h-sensi tive phot o-sensi ng
ioften referred to as cql or Sﬁj‘lgi ng) . has ?ngllf'i cations
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and filedFebeaaryi 17, 2004 bwhichds ixarporatediereindby oefetancect t he
transm ssi on and absorption of |light of a certain

| ti ssues under study. [0004]
@%&Wé‘ﬁ@ﬁé@d@@& or sensors are known. These
sensors typically operate based on the differenti al

[00021:Ps ThBtgreserftiinvéritiohl relatésogéndrallptephdatd-seaising, zindsmore
~as silicon (Si) based on wavel en}g}éh. That is, Ionger
particylgrly ke methods grd devises Eravavalendisgasitive PARtq-Rensing.

surface than shorter wavelength Iight. Secondly, Iight

:,\?'{“ﬁk%’g% efliD BEPPOEIRVENTION Processes as it interacts

oses energy to, electrons inits path. In a
sem conductor, when a nonconductive el ectron obtains
[0003F uf Wavelengthisengifive iphofassenaing (aftarorefereed émas €pldn

.band. Thi.s transiti r I . e
sonsil s Aot I R ARG e o BT EORaPES,
biolog®] thetToed, mrittinge ahd eesmetics imdsistriBayiand the diken Fdr | i ght

I ncident on a sem conductor, can generate f ee-c&rrl ers

example, Bithe sttt ofrgls Rnditiesps® TR BeRRRSSSRNHKPERAITG on
detect: thé gﬁ@é@}ii{i&ﬁ Qnd%‘é@?ﬂt@ﬂ%ﬂllﬁ h¥of 4 E8RSABARIWdSEHEESILd

ed region, devel oped around a reverse

and tisgsuesamhdensjudyct i on, can be detected by sensing a
current fromthe depl eted region. The sensed current

woosf oL e ROl dtipdinaboneige
typically opériate baséd oarhd differertial absorption of visible light in a solid
material such as silicon (Si) based on wavelength. That is, longer wavelength
light can penetrate deeper below the surface than shorter wavelength light.
Secondly, light is absorbed in photoelectric processes as it interacts with, and
loses energy to, electrons in its path. In a semiconductor, when a non-
conductive electron obtains sufficient energy, it is excited to 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 spectral

conponents of the incident light. [0005] As an
wez@sphsspl t he spectrum of visible |ight can bePCT/SG2005/000043

typically resolved into three conponents: blue, green,

and red, which penetrate increasingly deeper into a

em cond tor :
cenlelSATsSHR bt A e B R GREE ] Shpng ma
semidaHAtibio? Bafhe RRdMBdende Rifferdhtisgedtal thmppnenisnafithen

reverse bias voltage, thus obtaining neasurenents for

incidartidightar ee di fferent conponents. However, this
techni que has a d| sadvantage - it cannot det ect

oo, AR AOPREINY oSBT o bESRRAME v

resohddeiptcethrae t:ombenémst Bhedgreegn, and rad, whbﬁqleaetrabba pt hs
so that nmultiple spect ﬁ

increasingly deapeiisiq a sEREGH th'foﬁ %ﬂé &)ﬁee spectral

comp&ﬁé{lfscfﬂe c%eou? %’Fg%‘égléi be?\ of*‘éPiﬁﬁ‘ﬁ?‘r{otloﬁhﬁé’y peivafied by

or “ex or each spectral

adjusﬁmgrﬂmm junctios eqwmade blasn;qllage; thtuS| ebtamqw measuredinents
r.ee -j.unctions

ect three co nt of ht n
for th%ﬁlfe?é’éﬁﬁr?@tocomﬂ f% 9‘9’%\‘?&%&'? ‘t%qr}rgqqehﬁa ni num si ze
dlsadQ%ntﬁﬁg ibEAHd Qiet&ﬂtﬂlfﬂé?éntt éﬁiﬁpéﬂi@@ I%ﬁhuwdnerc@%m ution

sensor. [0007] Accordi nrg here is a need for

Alterniatipelyymaltipia Aodenciions Jeay besve ¢alb'est§plfﬁ;i doremate

i R ali AN ERAE e shbeeintgl, o o

compdhéntsltanisd sinfultaaseasiy neeasurédice of the substrate and
has a pre determi ned photo-conductivity spectral
[ espon her ..i ncl udes aon

f
oo R st S b 558 S B
shortc°d|‘ﬁif\§§ Fordixanfe ok ¥eh @F@étm doPhFoHEr, é Qe;bé}%té phf ace

ponding to penetration depths of Iight of

junctic fsf reguined Mde@ngthi@e compenents @fnllﬂf'ﬁ th&q)ewméws

deri r I n
are et LG MIRNE e b Uf SE8'TRathseRShATR |
and tRitheepdtsiaespltion of tiressrebr! o determ ne the spectral
conmponents of |ight incident on the surface.[0009]
[0007] norASopEnghaBRISA Reed for improved ethods 37 tees for

sensing color.
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
of 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 to determine the spectral components

of light incident on the surface.



sem conduct or device. The device includes a substrate

having a surface; a first pn-junction defining a first
walepsersson regi on formed on the substrate at aP€T/862005/000043

depth relative to the surface, and a second

pn-junction defining a second depletion region forned

rooosf;, HBStHRE ih BhsBhofb 3R R BB okE i rovitRa o
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formefj‘?lfrir 8" subs afe‘l‘{a%twééﬂgﬁé firdt da'rﬂ%ﬁﬁa u'nbﬁ&ﬁs qfheaf irst

wave band 1 nci dent on the surface Doped
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junctions, respectively. i nC| dent .
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annel has a bottom at a

pn-jurfctioss, réspettivebl. Zhuseincisienh iglstorf ﬂireesurtag@eat the dirst. and

second, Bradurd Hesganaln et on it detFeBlial o o bRIRE |, (o°

throudlﬁ&\b‘ele&ﬁéalacomééwm at a second depth relative to the

Zur ﬁce IThe drain Legl on has a bottom at athird

epth rel at to.t f
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drain regi ons, t ormn n- Junctlon

dopedd photo ngnducrﬂlep ichanoel ofegimsn comtweﬂspe cse medorcthesen

substrlage Bgﬁ%{xtﬁt ﬁe %ﬁg%t A L Srvet nls W SotfSHH Y firsladfRponse

relative to the surface. Doped drain and source regions are formed on the
substrate beneath the surface in communication with the channel. The source

region has a bottom at a second 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

3



wavel engt h band i ncident on the surface. The second

depth is chosen to generate charge carriers in the
walepsersson regi on proxi mate the bottom of the BOLBRGH05/000043

region in response to light of a second wavel ength

band incident onthe surface. The third depth is chosen

the siyfadk e fin SRphYR itsen & Behetale EpdlEB Mg R 0 .
depléti@n'régbh prbxitndt8 itfielbatesre lof tHi dralraragiom it dspbnsetd light

surface. Electrical interconnects in resqpect Ive
1

of a thistrmavelenotibhand incident og de surfagr) Eleelrigakipigreprnectsim

¢ : P . e
respeicfe BRrTbaTb Y En B ddutEE and Uidin reBiocaha teph- O
junctibprRile pravidé® Thriss frickiént I@mmhthewummatum firsthseidoad,

el ectrical interconnects.

and thig wevelsagih bnds MRy Pe deiered taroyaD et hrough the
electr@%?irﬁe&%ﬂﬁé@@ devi ce having a plurality of
pno

o-sensing units. Each unit is a sem conduct or
devi ce described in the two preceding paragraphs.
[001 1]00]!ﬁ]ariotherra5pleet ofsthe presant inventipncthere is providedaen,

photoshiseg daiFe RaVRg. PREI o it Ensig: its: Eashielth 3
semicdndtgbrideviRetistiiBed erih@CiW@LpréGe@ihg baeagraphyeen a

source and a drain of the JFET, and one or nore
depl eted regions below the [ighttransmtting, surface.
[0012]he lo anethariasgeshaiiihe Present 1VeRHoB, BErR I ROVIAEdA bel ow

meth@;&) ?I@cﬁtoge‘?ﬂ i 'tlﬁ% n%‘t'l‘i&?“ajugf:tléﬁ‘ﬁel& %f-éct #ARsistor

|ons ion et erm ne
(JFETr)ﬁ@bmsedrtdlgehemte)a emxelubtuag chasmel hetveE arsadeqs and an

arain gf the"Jeaf Farit S pEimaes Srhlefreh iR helgiheTRg o "
transﬂ'!ltﬁliﬁ SRS el doHHueting éﬁ@ﬂeﬂ Hals'éﬁ’falﬁbﬁrﬁﬁbﬂ\fsé&tldn 16w

Qut put signals are sensed, which are respectively
a lightisansmoitting swifaceotthaiTET. iTheiahsorptionsseation hasta RER-t y

st SRS e IR
phototehetf.tﬁc @pebﬁ@ﬂ:‘ﬁsgﬁhé@ﬁaﬂg gm d;aMcf gﬁdtawedﬂnmged he

wavelgp.ﬁ I'Q&?‘?@"?W'&Xﬂﬂ%s%\%‘c%ﬁdﬂurﬁ&ﬂ éﬁﬁ'ghg é%tpf"gvm ng
signald&te fskeﬂké@ NwRichhe ?éérie%tﬁé‘l? %lnvsa%nﬁhé Bean ey fifidAive

I'n conjunction wth the acconpanyi ngi] glures BRI EF
of the hxisGRItYyPof Mt@fbsvﬂﬁdjﬂaﬂwmm\d rom each depleted region

indicative of the intensity of light absorbed therein.

[0013] Other aspects 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 embodiments 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,



[0014] In the figures, which illustrate, by way of
exanpl e only, enbodi nents of the present

WO nwsfprgson, [ 0015] FIG 1A is a schematic PCT/SG2005/000043
cross-sectional view of a photo-sensing sem conduct or
devi ce, exenplary of an enbodi nent of the present

1001815 g, s Sehmate oS spliche e b PHRREARSE C 12
semicbrdatirdevReBEkeémpladp 6F ai¢ ehttithent ¢fthe Presantdmvantion;
variations of the device of FIG 1A, exenpl ary of

enbodi nents of the present invention; [0018] FIG 1lis
[00163 | iFl6. JBuisia cirrsiiti diagrammshewiag tap devicg of RdGpdAdBs of
operahéﬂht absorption regions at different depths in the

vice of FIG 1A; [0019] FIG 2 is a cut-off

perspective view of a sensor having nultiple sensing

[0017¥ni tRIGS. G tr 1H aré behemmaific erost-sectondlAjiewd0PE¢veralG. 3
. .Js a _cut-off perspective view of a,sensor, hayin

variatige{qf e dguice D1 £ 1Ar SYePIREY BLombBaBrons & the present
inventidiP21] FIG 4A is a schematic cross-sectional view of

a phot o-sensor, exenplary of an enbodi nent of the

present invention;, [0022] FIG 4B is a schematic
[0018} r 0§4Gs dLisi aling grapbehewing simulatadospastral Fresponses of light

10t 0- sensqr aof F | - Fl Cqips a
absorB {']% d egQ'g?ﬁ] gﬂﬂ@fﬁ qu 98 Q%plp éﬂ% é%%:”tcgaﬂ%:rléé B'gh ses of
depl eted regions; [0024] FIG 4D is a schematic
[0019Fr 016 2d¢ haubbff\perspertiva view o tisensof having multiple
.photo-sensor of FIG 4A [0025] FIG 4E is a schematic
Se“s"g’r gails sigatar & the device Bﬁ:g}"\/ iation of the
phot o- sensor of FIG 4D, [0026] FIG 4F is a schematic

0020F ' OFIGS 3G huibfi\Heraphethivd Vil ©Ph seRE6Bhadihg ehdltisle units
[ ]s:ensors of FI GSTf\ﬂleigﬁand 4A; [0027] FIG 5A§i S ‘z}ﬂ

similagtshieedevice eOEKS. Xt i onal vi ew of a conpound sensor;
[0028] FIG 5B is a schematic top view of the conmpound

[0021F °"ERG, 2A igla@(ﬁhéﬁiatik%q | s&difaral view & & Pﬁgﬁ%éoﬁ

ross-sectional view of a variation
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. 4A;

[0023] FIG. 4C 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;,



conmpound sensor of FIG 5A; [0030] FIG 5Dis a

schematic top view of the variation of FIG 5C, [0031]
Wo-R@B5/0380i s a schemati c cross-sectional view oPCEHRGLINEN00043

vari ation of the conpound sensor of FIG 5A; [0032]

FIG 6Ais acircuit diagramfor a |-diode; [0033]

o2, & 2D 45 i A R S ol Bpyha YeRSg/dfricl
BA; circuit diagramfor a sensor array. DETAILED

DESCRI PTI ON [ 0035] Col or sensing based on pn-junctions
t akes advant age of the photoelectric g)gf ect. and

[ he
[0028]on FIGS-HE i 3 SelRmais plospsasyoRalgiew 258 dagenonol e
[ ' .devel oped around the pn-junctions.
comp?)ﬁgligstgprglﬂgéﬁﬁgn e collected and detected by sensing
a current across each pn-junction. [0036] Another
[003Q]r odEiG. \6Dbis & scharatib topodiewtdidive vaniativnsef F36. 6C; 1 i zed
for sensing light is photo-conductivity. Many

em tors exhibit photao.conductiyi can b
toos 5 S Feait creSharcini Vi Al etdtoe! Ve .
the coipband S8HsEHARAGS§AE conduct or can be affected by the
absorption of |ight therein because of the free
carriers generated due to photoelectric effect. The
[0032] on dUlE: Shcis aaircuitdiagrasrfanredrdiodeit i s absor bed.
Wthin alimt, the higher the |light absorption, the
i g o o " : . g
oy, S, SEFSPRERRAA of BWigg i O prabe o g o

FIG. 6&Andondti ve path has a particul ar spectral response. A
conductive path at a particular depth in a

emganduct or LS. epsiti (,ght of a
[0034$ar ﬁ@usgr%\%?)@jét@%ﬁa&b&j ﬁ%’ﬁs#%&'}ﬁ& “outside the

band. A spectral response peaks at a particul ar

wavel engt h, whi ch can be neasured by illum nating the

conductive path with light of equal intensity but

di r hilg'? and finding the maxi num

c@&&&ﬁgﬁéﬁgg mti on of wavel ength. Therefore, a

conductive path generated in a sem conductor can be
[0035)s eCdior serding Basedbr pn-junctioniakes advantabaiof tari | ar

to a depleted region, as wll be ill usmt d with the
photoglestrin effsct anddhe generation affees sargers by gfption in

deplefitiv FREditedaB618Yed around the pn-junctions. The carriers can be
collected and detected by sensing a current across each pn-junction.

[0036] Another property of 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-cdnductivity 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,
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[0037] FIG 1A depicts a photo-sensing sem conduct or
devi ce 100, exenplary of an enbodi nent of the present
wO0 neosorsson. Device 100 i ncludes a silicon sem PONSGZIOSN00043
substrate 102, which has a light-transmtting surface
104 exposed to incident light. Alight receiving

it 69468 REHEle P s BCed e PR S nF gl
intengifyebuRAférehPwhvslehgthatahd it tirsliarionan coadactante as
meant to mark the exact boundaries of the |ight

a funetinreofvavelergthohherederssp coafudiivepaib egnsated draios,

semidbiRi Bold¥ Gt BRSSO 005 P hAYBEFSon B8P
to a depleéd tdlon, Taewilige gstpatetavith the exempiayeerbydintentsofl
ot her regions described later, are indicated using

the preseutinvedticn deserheddeleecifically, the letters "P"
and "N' indicate the conductive type of the | ayer or

egi : j dopy h @b LS 1ppdi cat ed
oST{EOD. 4 Seld PTG Sanesibe apyks ous, o
exemplayg of af @nlkzodimehDotithe pésenttipyantionhBevise0 inoludes a

sicon, eSS UaBALE. wit et ATBPLIEIIRR bR e

104 exBosdt fPFBIHRNE AGHOA light Fecivisy! Féfion Beloweexguseliisuriite a
drain (D) region 114, both of which have high n-type
104 isioparked by deshed ines hsshouid be sngeistees tat the 9@1%%@3

£qi 4 110
are meghf fifaclifift Yappetalih AR b B0 DR REHE HURaT)
bound4HE3Yf the light lecRirmegigmar ent, the concentrations of -

these layers and regions may vary. For exanpl e, the"
o3 oo phb e BS54 49080 (R0 "
layors Lot G (ChY Iy o 108, el Ly 1 oo Yt (o yver
110. Theydeping paepertas pﬁgwaﬁedayeréf ang othegirggigns gescriped later,

. i O . i 1 ! Eng»
are 31 Seng MGG LPAEEs! SeohloRp AL ot ey
indicateti® &n&g:tideﬁﬁié eﬂthbldhyem. drOégibhaU'le ealativeopimgr ce

region 112 to ate layer 106, drain regiqn 11 and
Conceﬂyﬁf'e%'igﬁ'ld@aé%cﬁpgcf @'\é@%oﬂo sigg (W?B’ P5 'aao\é(%ei‘m'%de,
Iayersr'flfé’ﬁﬁ& g‘l@'éfe‘i}f‘got&bé%e]féﬁnerlﬁgre d#8ndly dbpéd tHae s

el ectrodes, als nown as contacts in
latter; and layer 108 is of n-type, normally doped. Channel layer 108 connects
and is in communication with a source (S) region 112 and a drain (D) region
114, both of which have high n-type doping concentrations. A strongly doped
p-type gate contact region 116 extends from bottom gate layer 110 to the

surface 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" cm™ for “P” regions, on the order of 10" cm™
3 for “P*” regions, 10 - 10'® cm™ for “N™ regions, 10" — 10" cm™ 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.



the art, formelectric interconnects in comrunication
Wi th the respective regions for biasing the respective

wo egisonsoand for sensing el ectric currents theP€f/8Gm05/000043
[0041] It may be possible and necessary to include
insulating layers for electric insulation and/or a

onadS el P Pl DR 298 aiTein 114

and boevRY§ite doptactasgiont 16 thers isanl eleg:trodeyrqsxpestnkﬂlye or
necessara insul ati ng}_l ayers ar tted in FIG
electrade 118, 128, t2deed24nth 4P é‘flﬂ%?%\ﬁ%tacs in

the a'ﬁg rﬁ%g%ggc Trﬁ rd@iﬂﬁéc@rm rﬂé‘ﬁ[?d \ﬁltﬁltﬁé’ %Bbbﬁ\féj in

eérsons Skl| e art nder st and

regiod R biatitg the respective r@pnsrww for seasmgeelemtde durrgnig4 2]
As can be understood by persons skilled in the art, a

therefr@Met i on fiel deffect transistor (JFET) structure
(|nclud|ng source and drain regions 112 and 116 and

ha I
o1,y 598 AR b gt AR o

electricapsulatian @ndm&a magk m onaskingdayeidies bipsking light frem

struciure.,and the t n- are
trans@&’ﬂﬂa{ﬂ R3I) regiPRE & %wm&é ﬁ@eﬁdkﬁ% %%innel .
unde: “ﬂﬁﬁ_:{. anypo¥sible B?ﬁéﬁ@ss%@@ﬁfsﬁlﬁtm? ayerdese onitted FIG
ow,” oné pn-junction be sufficlent for_ cert

1A, ambm thessubseguentidrawings unless siharwiperBdicatarhd h&vva?s Pbm

mask i o gyEHn Spod SR RegBRY RIRA e art
undersindrwieén $GEH a ISperis eequirtdloadan be gdded. 112 and 116 of
the JFET can be biased to devel op a conducting channel

10042] | A Gk s et @aR by vyt Slcaunof Bl A Niest R R

eﬁectttﬂé‘?\s%rr@#ﬁﬂ REGicture thmh@écmrb@ and Qi?lainﬂ@gib’h@ Hi2sard
to- conduct|V|ty spectr al dponse de ent on the
is

116 anﬂtcbanael layer:Heaad 3 9@}@ layenkisdRAmeR eNRIDSHate1 0%, ivg

depc B, 18, LS8 By Tt e 180 o e i

JFET Sﬂﬂﬁﬁﬁ'@landdhe two @rBjianiI@’[E 125)80(1 pﬂBcaremovementfprﬁmd

betwenid geiaand e saring dion A aavel BReRRe SRedigrtieRe
descngﬁBﬁ %%1037{1 eéhe ph- éct Hctohi A8y be s@ﬁﬁblélﬁ foF Eéritair dpplicatipisai n

an ‘ex wavel engt h. Further, the peak nay
and amjuhctlon can be formed away from the JFET structure.

[0043] In conventional terminology, the JFET depicted in FIG. 1A is an n-
channel JFET. Source and drain regions 112 and 116 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 layer 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 light-absorption section
130 can be pre-determined. For example, the spectral response may peak at



due to various processing and operational factors.
Thus, it should be understood that as used herein,

woO ad05/0288envel engt h neans "at or near" the wavePengGnosmooo43

normal operating conditions. The allowabl e range of
variation can be readily determ ned by persons skilled
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can ge readily daterained pyRarsonssidiediv the art ip agiver apaligation.
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channetofiibet JRET tudétectlighidabsaibedthereinlependent on the
dept h of the correspondi ng pn-junction and the biasing

‘o0a¥P  PRfnEbAne Tirefiever oty 488 ahAan B g etbany-
stackddBvi-juriciiBRE] fopijisctiol 126 8nd@boktbid janétiin P28 whitts Breas
surface 104, unless otherw se indicated. The depths of

substantiafiy vetticetly eligned ene isbsue asothen selativestoryrfacs Y.
char ]88 188 DS EEERERyATAfE 36 854 o i 126
r VB e eyt snpi gyt (<
charge carriers i1.n | | S
develagadtipretinun s dppieipd Eobmbes f anDIRECHE Shactial ent
respdiﬁ:,\é%qg?r:t/ E}%ﬂpﬂ?fé&%‘ﬁoﬁ?gﬂﬁéﬁ isafepehddnt on the depth of

respecti [ | such as current signals,
the comasponding @ndunclicdand the biashgaslinge iapplied gcmssdhe prhe

. h I h h 1 " ' -
iunctipBZRLEYs er B, i SRS @ HThE flntfSmiting
surfabd of thedsubsifatepsudiragibudactehOd) Unleys GtheRvite iftifatatcThe
so that a blue conponent of light is absorhed in_ the
depthsopf the preiunsHonsegieophosais e et the fepietionreaions ard e
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wavelength bands incident on surface 104, respectively. Output signals, such
as current signals, can thus be derived from each depletion region and the
channel, through the électrodes, to detect light respectively absorbed therein.
For example, top junction 126 may be at a depth from 0.02 to 0.5 micron so
that a blue component of light is absorbed in the top 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 bottom 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 top junction 126



chosen so that a top depletion region can be devel oped

fromtop junction 126whi ch has a photo-electric
wap@srsbl r esponse peaking at a first pre-det eP@i/Re2h05/000043

wavel engt h, such as about 400 nm a bottom depl etion

regi on can be devel oped from bottomjunction 128 which

whiot(fis A SHARG-8IeBEr orechar RpbhEr spRRRERER RE0CHBhpfed
waveligtiasichiss dbit 200 enstus tiotiohy depietién rdgioesanrmee of
| i ght - absorption section 130 peaks at a third
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nm; afd[ths photb-eonduttivitpsedted sesprdeast (ﬁghhabmﬁtibﬁ geétion
se|l ection of the pre-determ ned wave-|engths. Further,
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pariolfp s oY ke rncd s 6B Pt A
proces$ifh UM dpetafiithl #dorShRIiNG BRUIFSAMestal Féé'tcgé stch as

rectangul'ar. [0048] The different |ayers and regions

tempegatune) inay alsoaffast each spestralfregpamsse 100 can be forned

usi ng sui tabl e known sem conduct or manuf acture

echii t : ' in
[oo47] VWi sSrofid ot SIS RREAIRL 10 PADBS A gHs 2 e
regiorsn‘hbyh'a&ﬁ !aﬁz@uﬁamfemhdpetdmgat Forl @gamb pI?,é@acrﬂﬁﬁomgate
ve a thickness from. abo t g .about mn top gate
layer @G_/@Pg BOUTCRAN DA Eien S 2 AP JdRdRE% Ae geRprahy/archilar
or recféti:l algpess from about 0.02 to about 0.5 mm depending on
t spectral characteristics to be detected. The
maxi mum dept h of source and drain regions 112 and 114

[0048}ray The difieraptlayerssandrepions as welltasdba ebecfpdesrafdevice
100 cEBERAG Aoy AGHAS drblEedMESn R Ak ™ 2

technigess, dsocarebe Aadeistéod by personsxkilleatin thealtl | at er al
sizes (in the horizontal direction.in FIG 1A) may be

04siEbRReimbl, aaitave ey BEConi i St K
gate 1y281905 ahd Playsiaa iickiess fidhh diRvit D2 BPbIEY0 PR itop

surface 104 within r egfif ons 112 and
gate layer 106 may be formed by diffusion and may have a thickness from

about 0.02 to about 0.5 um depending on the spectral 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 ym, 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

114 for providing improved ohmic contact.

[0050] Bottom gate layer 110 may have a low or a high doping
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114 for providing i nproved ohm c contact. [0050]

Bottom gate | ayer 110 may have a | ow or a high
walesngssoncent rati on and may have any suit abl ePOT/SG2005/000043

conveni ent thickness, depending on the spectral range

of light desired to be detected near bottom junction

conopffiaticr sty e P e 0r fvaRleh bR Gles® HefiBiiinS
on thespectralmacdge of igie démdrto begiewotel heaR beftbimiuhaidry128.
grovvn on the wafe In this case, bottom gate |ayer

have a dOpI ng concentration (e.g. 1014 cm 3)
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bottom gate | a are Fon

the dQniatl@rctagl@ de‘gelopedﬁrerrcmncﬂtm 12® will be dnainly developed in
Thi,s can shorten the

bottorfi S ByBF 16, SHHABA Abareliia? Bivihe A Bgeana For

examgierenkyi Dtkin (Nwtdﬂp ) dhahRelNByerdd 0P Kedds td'bé SRRl
Integration density, and thus a higher resolution when

g
becaysgehg deplationgegiondnainlexiend inte olomgats layery1 10 As a

{
s B e SRR 3P BB 4 A,
convehigntly o by ajffsidnl This can ebmtmi the fabriestigrecydds bnds
allow {68 taller RaSeal Bicvendias, Wiigblp LA Sy Shanaressed
lntegrﬂi&i QerSiyIHAG thids & 'hib’he‘? résHGiorPRREH 158 AB0RE is use Fs a
hereforé) it may be convenient to grow epltaxia

pixel "bé‘t'ﬁ"gﬂia‘lﬂgémg pHQ¥r 108 and bottom gate |ayer 110 from
a highly or noderately doped p-type wafer. Both

oSz ! BRSBTSl 58, sl LRI

highly diope# Mpemdeﬂg)tﬂodtmmgéié |ayar3| 10) fologx aﬂgplefto rﬁduce I
concentratl on ut vant a | channe

cost af RSt Uepech oter PiAhE SHERTRIG & MepREs. Riiharga more

highly 66p&€ %héﬁﬁélQﬁay bagdesd pﬁétsfddnadeﬁvelﬂ% gﬂver egnd 124

are nmade of a conductive materi al |nc tal s
channgly d hetgforg, ifrmay bencooyanient torgroy emtae@lyebam rehannel

layer 108 and bottom gate layer 110 from a highly or moderately doped p-type
wafer. Both epitaxially grown layers can have similar doping levels and
thicknesses, e.g., about 5 to 6 um 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 to
both FIGS. 1A and 1B, the latter being a circuit diagram in which the JFET

1



fromthe top surface 104 of device 100. [0054] The
operation of sensor 100 is next described wth

w0 edosnessee to both FIGS. 1A and 1B, the | atter POESGZOS000043
circuit diagramin which the JFETstructure of sensor
100 is represent ed with conventional - synbol s used by

structdfi, 309EsBE 100 ¥ rep et o bith codaion YRR iR by

persohs@kmddlimﬂwrerate a current through the conducting
channel between source 112 and drain 114 and also to
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examﬁl@' §81§r‘c¥'e'ié’ctrfo@(e (esmméyoyé foliriéld, $EOVRED; diAIR gate

I'ectr ode grounded (can be short-circuited
electrmd;e eD)em%maydw braee)d tor a poaitive voliage aawhichegatvary for

examp8, iBcabuy’s18 HinhE R0 YiuBhEfng 58 Yféa ebefari™
mode ahuéﬁesﬁ@d SpectPsl sty RirdHe vatiots butsse drg&&lﬁﬁg&gai@ed

above, the depl eted regions respective al ong

| t
electradsy 120 maycha SKNORE(FamEe Short:auguied ta Selgatradent 19) or
h
biasedt &siafll kdalyE Uafidhel Ue; dhit Bolloh{'G1eCAoUE 124 rispps "Dy
brased:’ama NohagmvgwMWWmag verwfrbm tm@ssdharadvsl Adcanhee A
appregigfigt whan et AR Ao Tred ab e e daRRA reBloss Tt nnor
respedtiValy eltend am@%ﬁtanerbcmeﬁr jLﬁr&tréﬁQmGtan'dSIZ# éﬁd generally

enerally parallel to surface . As can

parallegméue‘a@ma dﬂtalmtl‘ﬁébﬁsdilﬁdimséhéwyldﬂ&lﬁeéﬂoH'hﬁmdth of

the dep[a38d, iyl el ddtttoliel B efyin 3o BRShvdIElaeSoALIRL
depletroaglegtrmk%mdrﬁntugthamm tayer 406, tl”regmondutﬁﬁg chatad] t As
| e a. cur | N- SOUr c rren
betwegiy 8 teahas itecis SibBerGn IgELE é?ﬁp bhspoiora 130 But &1 ¢ o
also g&etafif parsdlel W’sﬁﬂfa%%r'f@ %s]éb‘h b uHQérs‘téde 'Bréﬁﬂtrégront‘hﬁl" e

I's no gate current flowng th rou? gate el ectrode 120
and gafe region 1lBzshould be guffisiently gemete-from eaghvethey satat the

deplete& ?53 a d%VelroSed ‘I’ro‘f’ftr1 85&6@\ gseHg %Bma%'i reé) on 116 would not

reach drain region 114.

[0056] As depicted in FIG. 1B, a current (drain-source current lgs) flows in
the conducting channel from drain 114 to source 112. When surface 104 is
not illuminated, there is no gate current flowing through gate electrode 120 or
124, that is, lg1,0= lg20 = 0, ignoring any leakage current, wherein subscript “0”
indicate a quiescent or darkness current. Therefore, the quiescent drain-
source current lgsp is equal o Igp or lso. Current lgso can thus be detected by

sensing either lgo or Iso, Or by averaging the two latter currents.

[0057] When light-transmitting surface 104 is illuminated with light 132 of a
particular wavelengths, as indicated in FIG. 1B, light 132 is transmitted into

12



i ndi cate a qui escent or darkness current. Therefore,
t he qui escent drainsource current |dsois equal to
wo dasn7dgdol Current | dso can thus be detected byPSERE200§000043
ei ther | door Iso, or by averaging the two latter
currents. [0057] Wien light-transmtting surface 104

the oo of {IbRECECI0 defineaatiy e frsrpler Biidthnt, |
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on re ion developed
bOﬂoerﬂﬂ é 'P@r?&spghs Iilgqui;qqg -{ya ‘é EBOYS- | i ght of
| ong- vvavel engths. [0058] Wen |ight is absorbed, free

[oosagharwaeﬁ fight i8fabsaftedd free ohiafge calfiehs agegeniatuisd. Holés
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generatﬁd inshdeplefrd regian aredzaw@lw meyediowprdsits garrespanding
ebdrﬁé%ﬁ@r gr flt@I h%hﬁ%trﬁélyél%be geﬁTﬂgjsr ate cupr ent /qgi
correspbﬁd]@nomdeuﬁgate&lmfenlt i@ bt IpbEle pate ¢urretrﬁdg1t|s thus

. .. depleted regio as, a e Co nt of .incident

indicaivg pf G AbSpiRet i S dok PeRiets Booich Tetarcas # ol | o

comp8RaY dtGidEntilight wﬁ)tém ga@ &irfsht vgeqs maléa&%fbfaighﬂ red
conmponent of I'ncident [Tght 132). [ 0059]

absorbed iin thebsettqm depleted reg;wn 1%0:hoas ared @ﬁmﬁeanhefsmaldent

liaht 1 %Sduct ance (or resistance) dependent on

'9 3‘ 't 0- absorption. Wen light is absorbed and free

carriers are generated in this section, the
[0059% on di.tgmabserptmrmﬁa A30rofdhe phanmlg'ml a ccnmhiumamcee(avf

rosistafi) eRSPRERA AT BheIorRRSEEP U MR B9 s BEHRRL A o

camefér Ay RIAEE iR Whis eebmsﬁ Glﬁé cOhduittantd Wfd?éé@eé V\n output
drai n-source current (DYdS) can indicate
E‘Zils‘gtp%en

signaldndicatieriof light mbsehedubthe gondusting channeh ca&
deriveff R 15q o Blucth Afine! 3 eyafivle. G ciptytilee curent
(lis) octherintieasadn desinsource current (Alys) can indicate light absorbed
in the conducting channel (such as a green component of incident light 132).
At a fixed drain-source voltage (Vy-Vs), 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 + Iyt + Iy, when surface 104 is illuminated.
When surface 104 is not illuminated and ignoring any leakage current, Iy =
I. It should be understood that the relationship between these currents can

be more complex than described herein, depending on many factors such as
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when the conductance of the conducting channe
i ncreases. The increase in drain-source current is

wo baos/o7ssdi cati ve of |ight absorbed within the PCT/SG2005/000043
conducting channel, particularly in |ight-absorption
section 130. [0060] As illustrated, Id Id + /gi + lgz,

f 104 is,i ' [
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_measur | rect the changg In source current: D/dS =
suitable mdrmer. FovexamplesObican be galowated bymaptiasting fiaay hepe

si.bl e or actical ' '
sensef SR POt AHRE R R dralf Bl os Sl e St AREmchvel.
drain @At Yata baftehts dande s6hdatband AN the beaatrtdatddaising the
current /d the quiescent drain-source ?urrent / dSo-

formula: dusrra e (ki ¥, ozl diso)- hiscajhbe \&gfy slesgtorere sodbat
I t ' he f la: DdS = -
Moo 2BfodtndBi Bqdfls SG15 L B P PR, 00 (POTL' T Jero so

t hat D/ dsapproxi mately equals to /s, or { - (/gi +
[0061] &) [For[roésiringoA/ssydas Gan hg abtaiped bysecasurement gt thened

. y nmeasurenent at th [ f Si a
time Cgrsgﬂﬁ'é‘@o‘?fﬁé%“ &R rg-rggﬁ;otceﬁﬁ AP gﬁ%o rdﬁ\&%ﬂgééé&?'e nment can
measiferR&ht GBS perfoinied datRe san®i sunsing tnit, @r omaridentical
i dentical but separate sensing, unit which is not

but sepgsaiscsensing wghwhiqhrois et exgosethiaighinder st ood, since

only certain wavel ength conmponents of |ight 132 reach
ooezf 4 ExibECEREIY i OB oretougueBtptesiipindds
of lightd§@treach antilarg absothed withis light-absorption section 130, the
drain-source current can be used, either alone or together with gate currents,
to determine spectral components of light 132. For example, the blue, green
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
600 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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to determ ne spectral conponents of |ight 132. For
exanpl e, the blue, green and red conponents of |ight

wa3@smesgobe determ ned using the sensed currenPST/SGH®5/000043
bl ue conponent may cover wavel engths from about 400 to
about 500 nm the green conponent may cover
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near 400 houiepeegdnts tHd spevtital vesponsé ofl afiapsalpticroregiomat ang
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0.65 b sod thicknesgiof 2 m. hheleprve peakingdbeam7 & dnofepsesents

t hickness of 0.2 he curve peaki ear 55 m
the speglAL @8RS pEad sBRrelieR Blioh B G br a5 e ol
thickné€g bP 2 im andhigtdesefipfior® thadeptitloRa tdyich Refess &f thé MM
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Th
depth oi s side foth%ﬁegiga thadtis prar the light-irangmiitipgisusiace. nm

and of a thickness of 12 mm In this description, the
ephl i SERIS byLhobBS; Bppk shesralf
[oossfhe ?’erg“é%a?%%téqbgénear_ ’tbke I glﬁggﬁ‘%aﬁgnﬁrﬁqﬁgb i
responses, fncuding 8ies prexdetesminathwbeelapgthscravadlengthdtands) ng
for thet orl]eeplg%%f 2 fdn%taen eecct:Jn"Hucting channel, a desirable set of

spectral components of light 132 can be determined.

[0066] Since the spectral response of a particular region depends on the
depth and thickness of the region, these parameters can be varied to 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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responses, including the pre-determ ned wavel engths or

wavel engt h bands, for the depleted regions and the
wa@oeodoecssong channel , a desirabl e set of spectrBCT/SG2005/000043

conmponents of |ight 132 can be determ ned. [0066]
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ener a usting the biasing
0.5 pnnlﬁomgeasmgsthe zgneémcompdnelyt afrvikibletlight] thy light alsasption
e art. In ad of, the
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ication. Simla wi dt hs of the depl eted
fo abpe&i

pnsthiely ltshaild e sipderspod dthasfhe,apexs Valyes rad other

valueg, digih sty pROFRY i S8afiBH B s fHd G HelVaricetiof O
differenyapmications\sdtinas iffevent subskratermalferialsensi ng t he

green conponent of visible |ight, the l'i ght absorptlon
ect. of the,.channel . have dept h
10068 " e Ahova YR, L iagplioRabBE ichbripdn Al
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during mmemwbtmd%tegnvmhﬁmpkam@npmem? o, B@htaﬁ?ohased
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simplepia Rerjors g8¢ the oy R%égﬂg’aig?ﬁ eﬁ@é?u#%ﬁ@ﬂﬁ'sg 3h8' ©
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shape and size.

[0069] As should now be understood, device 100 may be modified. For
example, the doping types of the layers or regions may be réeversed to form a
p-channel JFET, which can also be used for sensing color. As can be
understood, the operation of a p-channel JFET for senéihg 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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geide, theyer
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I's much nore strongly doped than the bottom gate
more cappacktbecauge thedaitarn Qﬁieti@fm'@?‘i regiancljl & gamkeghprter

and sg%l%h@ﬁ%&é&ﬁl {;;%%s%% L8ﬁnagfﬂe r. In such a case, the

|nasao 3to 4 mm A sensor
with a thin channel can be sensitive to a

[0072] ltis also possible to reverse the relative doping concentrations so

that the depletion region mainly develops within the channel. In this case, the

bottom gate layer 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 pym, it could be difficult and expensive to produce a deep

bottom gate contact region 116 by diffusion.

[0073] It 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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narrow band of wavel engths, can be easier to

manuf acture, and/or can be nore conpact because the
whoetsonssgat e contact region 116 can be short er P@EG2005/000043

smaller in lateral cross-section at the surface.

[0072] It is also possible to reverse the relative
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malnlyoﬁe@élaﬁ Rthin B¥B6mgifie fariciol anthgetaseé, adn ottér are
onpar abl e. [0074] Another nodjfied sensor 100" is

exeml@ammmbﬁdmn@tsmn ordentogminigiize the %enﬁor gizet botiem gate 1oo

corta 568y 11t i) S RS 1B AUBheid |
knowrila$ theLShaHov& E%Tylsbhtﬁnf(ﬁj' lg)stelchalnju;e wlhlohks esstandiandi ed
4 t e r
technifiu T HOhASTRIb P RIg MR AT oM dsasemirna 8 (GO
fabncftﬁﬂ?&ﬁd ¢8R bel Lﬁ'nde'i'ﬁboé 'b@r}ﬂ#éoh@¥ﬁﬂecl fPthensh. I teah e e

ayer can have conparabl e | ow doping strength and

example@uiiebledacld@gués are d@gtvrthedm ilong Kigo, niatradyctinn @ op
semichphbes SAAPER GRS TERNRBYC RrERUGELENASE AFHEAR |

mcorpﬁfa’cléd rhegdel]?fby refsérenoe.ganathen ?gwntage@rf eenéo‘rﬁl Oﬁ%f)asbe
i solated fr in region | ec
comparsaithseasal 10R/SEhtIe fiasharciadodh ey berRuRT sty
the top 3%1(3%‘5?]?@ bﬂ PR HiRe éhd?blglkr‘m?@ﬂﬁlféﬂn in width.

co enmentary- nmet al - oxi de- sem conduct or ( )

fabrication and can be understood by persons skilled
[0075} n FiG. ﬁﬁhom@reamp@, sensor 140 formed like device 100°. In

sensor 140, the top gate includes a top gate layer 106 and a gate contact
region 142. The non-light transmitting portion of the top surface is covered by
a number of layers, including a first SiO; layer 144, which may be thermally
grown, a silicon nitride layer 146, a second SiOz layer 148 which may be
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 substrate. As can be understood, in the
fabrication process, these layers may initially cover the light-transmitting
surface and are later partially removed to expose the light-transmitting
surface, such as on the thinner section of layer 144. As is typical, source

(including source region 112 and source electrode 118) and drain (including
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exanpl e suitabl e techni ques are described in Hong

Xiao, "Introduction to Sem conductor Manufacturing
wdaewhnadsogy”, Prentice Hall, 2002, which is  PCT/SG2005/000043

i ncorporated herein by reference. Another advantage of

sensor 100" as conpared to sensor 100 is that the
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l
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the cﬁ%@@é\%gwﬁgd %f&e’in&@iﬁﬁth‘é’gpe%trépée@&mt?@f% 8ensor,

top gate co region 142, "8 x

especiatly 8f fher carlucirg eimahrdlai n regi ons 112 and 114, 4 x
1015 cm 3 for bottom gate contact region 116" Channel

o7y obict fF §vg 3t 1807 Hiobfefifrorabnyt 1411 S

gate Ie@tlér ofbenscryIB0 ihbladesm dentrat region iM06tane a prugectiveaings 0
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he same op| ng concentration. his case,
162, aheus? urk® emd®. dFap prguection 12higdormead @ISM@@FQ@%'MT%’

eatof e e e o7 1B T B 5o 5147108,

preventing breakdown of the junction at very low reverse voltage, and also
facilitates collection of free carriers generated in the shallow top gate region.

[0078] FIG. 1G shows a sensor 170 modified 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"® em™. 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 light absorbed therein. For example,
a current detected from gate region 162 can indicate light absorbed in
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advant ageous because it is possible to enhance the
total flow of carriers in the channel region, and
wo b@sefssoe nodi fy the spectral selectivity of POESG2005/000043
sensor, especially of the conducing channel. [0077]
FIG 1F shows a sensor 160, nodified from sensor 140.
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174 BR'hABSEMight ab86rbedrih babletieairegions eowithbothvpreumictions
regi on has a doping concentration of about 2 x 101
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di fference between sensors 160 and 170 is the addition
[0079)f FIGonHitlustretes egiemsot 780, modified fromdlisegserotdtdn

sensar 390y these A Iva sepprales Solteriar iPe 3P Bte ySts| B 4Rb°
106B Cé‘éét?ha\)— ﬁg a”dép)iﬁﬁ cbﬁ&érﬂfhtlbﬁ?of%‘bu@ 1088, Top gate layer

ncentration of~ 1019 cm' 3. p/ 7-junction 178
106A umsmmwerdgaomap gote layer 'WQBcﬂwﬁbéiteﬁé@ﬂ fegigRS/el op a

de ted,r faor L s '
develfis o 1 ectop s e Bt spBLRResponses.
AlternafiVel§x®ipdate layarsMOSAl antt 06Baray have gintitar degtiobutl 62
can indicate |ight absorbed |nd B e |gg ound
differqgh coping sancentisfions cLINEREY ARG FR PTG SpBlRard
n indicate |light absorbed in depletion regions
dopmé}%ﬁ%% both pn-junctions 126 and 178. Thus, |ight
absorbed in depletion region around pn-junction 178

[0080F an Device $R0 et amnofdayicend0@'ad Oﬂ’élsapﬁﬁréc“&b 460, 170 caﬂd
b { bt
180) G € ot g 2 SR ol SGhaqrithls  Sefisihg BT i sinp
photolse@isen Fld;r 233<ah’fplg an ekemtp:firﬂmempoﬁndwengopZW g ype
regi on can be ver in
mcornor%mg gitiple sensing é#"étﬁgﬁ H'élsff?tswgig]%ﬁr é Sﬁpﬁ?f fd}gﬁ?%?es
bottorﬁ Ig[;%?é‘ Pagfér 589, (p?‘ég Jdn@qgﬁﬁgg fﬁy%? Q@Qr(n }429 bo#tHmSFts @onkie?.

arate at ed yeto gate

regiorl 20@ (s )mmmplemgammgnmmﬁg (m) CROBIFeRy reglons 210

) oS8E5R I ons Bl SckPihe e mgbiBnsBes VB A
doping 8fHePa%d relative strength. As depicted and as can be understood,
sensor 200 effectively incorporates 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) transistor or
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devel oped fromthe two top gate |layers wll have
different spectral responses. Alternatively, top gate

wo 200810388006 A and 106B may have sim | ar depth betT/SG2005/000043
di fferent dopi ng concentrations. They nay al so have
both different depths and doping | evels. [0080] Device

100 (o of. devi e 100,

other P Ao SN e s, et ta el BEE e Hadihe,

units, "’\ﬁ c%nfxﬁﬁﬁid?&mﬂﬁ‘ nbrhal addressing ircoitotodsraeme. thE‘problem
an exenpl ary conpound sensor 200

that & JE:ET pmnamaiu onylas \uuldoes@mréerﬁ@odrﬁndsrqaghlv implementediby n
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ng sensor and each unit may forma
extracptedebea:zfusehhelhuﬂgnn'aw ¢La;ent5 aee margedgThigimay bRy be

allev@ggr& %Qﬂylﬂg%l%lég il ﬁg eg":tsﬂﬁ &Jﬁl@ﬂdbﬁﬁaﬂy 0
sequéﬁlﬁ-'; ($cHHRINGY sa HskitaRe @ﬂlg&ﬂdf t'hbebdmm gatesmgr@ﬁsat hrgm—:m
each sensing unit may he used Lo repro
time garele idemtifi 0@ Copiraland fetgstion & ﬁ'Si"a 5. %&H GirforSi photo-
sensui@ Wnﬁg '&gH%tebéarﬁA@?J t§d G‘éﬁ’dlﬁ Qita®iChiHfiners! q:‘éi’?ér‘lé’slé?ﬂéd
fo selectively activate the sensing

in art will be ,abilentwdnssbgnn stitablevdontrohschathes fafreastiohthecsignals eé

0 overcong, the probl that a JFET is normally-on, as
the d'&ﬂqntl?ée W&’@P% ?Hloeadl ly inplemented by persons
skilled in the art. The nornally-off state may be

[0082}Ch'l’51@‘3 iiisteites & 48h30e 300 Iewviiy meltiple Eensinggnits) eachay
nbda- di odes as descr i bed bel o

bemg/ﬁqvaﬁd ofasessor okdeviee 1960 §3959{£<Pg 'HL@#%&a'W%ﬂm gate

layer 5§? gb*ig% ? {l\‘f&ﬁéﬁﬁx@f 3% ?t'é i, %doﬁmﬁ W fop géié Gions 806

over ommn bottom gat e
), smmcamguon@taoa (806 soarceldraih WT&(n ) rhuviedtlayers 312

(n™), baqtg)rqgggtqs gqrtlt@ﬁére:gtéceﬁssﬂ\f I(;l)"‘)I 3 oé g‘l‘? geglgﬁé 3% Lach 'k Riich
encloses a bottom gate contact region 314. As can be appreciated, a
source/drain region 310 can act as a source for the unit on one 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, STl regions 316 isolate bottom

gate contact regions 314 from other regions so that the units can be densely

disposed.

[0083] Another exemplary embodiment of the present invention is a photo-
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conmponent of incident |ight may be conbined and cannot

be individually extracted, because the bottom gate
weeeosenissl are merged. This may be al | evi ated bPCT/SG2005/000043

appl ying biasing signals to the sensing units

individually in sequence (scanning) so that the origin

of th bot .t '
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[0084] The electrical interconnects are in communication with the source

and drain regions and the depletion regions.

[0085] In operation, electrodes 416 and 418 are biased so that a drain-
source voltage (Vys) 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 results may be obtained if the electrodes are biased in other suitable

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

[0086] As a result of the biasing, a conducting channel develops within

channel layer 406 and a drain-source current can be established.

22



406 has a nedi um dopi ng concentration, as indicated by
the synbol "N', instead of |ow doping density of
wa@b@soedsol ayer 108 in sensor 100'. As such, sePSDRGADE000043
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hannel, | ayer, 40 as . - 412
100873 nq Tethe edenigtest eofbne i oI i BelERIReS of A F o
junctiéﬁ,%érﬂ@élaﬁ? ncApjubtibRsMeR andiet 2D Betaugs dhelveltageseaiross

are 1dentified as pgtunctl ons 422 and 424, which
\Wigi

the juriefiomaradiffesentotherwigithmef theslapieted regiops;at iictions 423,

d 424 | ndi_cat Ene. f
an a3t kot PG ol ulsRon P s Tz ©
Thus,ftﬁait%%e‘b@&earregiﬁh@ villl Ravd diffsrehbs gt aésporisepgaking

carriers respecfively in channel 406 an depIFtlo

at differayitovavelengthacB\e sersipg Sutnus sianals dgrived teprestivel¥ ok

to_incide [ I : it
the twg%ﬁ%pgnggghé E%Bfeéé;%E%léﬁ,e{cﬂﬂgﬁ%%;églﬁn@@glpﬁ 'o? c htg E‘;el
incidef® fighbaarPbe kRietemdned.. 05 and 0.5 m crons and the bottom
dep?hs of the source and drain regions 408 and 410 may

be between O. t 1 d 3t 10 nj i .
[0088] G0 g YaRDIEPERRTRcE 4001 SEPRR s A SerkSr A0 Hata ¥
pluralﬁgg?gg%fﬁél! Ot rBgibhs 4528557?]6(0&%%@ iafe ERGVA bSI tHete

etion regions. [0 In operation, electrodes
may b hamydndrs), each in cordactsuith antelectends 42% (Fhanngbceniget

© (V4S) i Lied : - - 08
B )
g ot i it e, it sy v,

SITIV | as 1S N al,l ve
dopingjceseantratien Y ehannek 40P TEh‘ﬁﬂ\glé‘%‘eOdf&ﬁci‘i‘?‘i?a‘"?F contact”

e i | - :
regiorf BB il B3 s, SYTRIMIE, 85 Siq fohRLata ephiaes
allowihg§066knAs! layere46 in sénsdr4067 senhg leagthenaddei ng

channel devel ops wi thin channe e :
accorgRTRCRIS Bl e EhalRe AR B S A2 Y S sty i the
electrggéé 2B ard ephAl Rbize 8k ebmpieeed ko phannélonpacixegiohs 426

of the pnjunction, particularly near junctions 422 and

so thatdess lghtds bloaked byelesljedesfeBss the junction are
different, the wdths of the depleted regions at

ooso} " RTa 837 i apard insi naane gy it
are bibeed deforsensoratilo s awesulh adepletetgegion 43kdeyelpps
along rc%sa%(r)mgf %y%?%kn Bepleted region 430 is narrower near source 408 but
wider near drain 410. However, each section of depleted region 430 under a
channel contact region 426 has a roughly constant width. Since the widths of
different sections of depleted region 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 ym for the bottom, middle and
top curves, respectively), developed from a pn-junction at a depth of 1 pm. 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, electrodes 428 can be used to determine the voltage variation
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at different wavel engths. By sensing output signals
derived respectively fromthe two sections of the

walepserssdl r egi on, additional spectral conmponenP&T/862005/000043

incident |ight can be determ ned. [0088] A variation
of sensor 400 is shown in FIG 4B. Sensor 400' has a

sond i gt Bl ARELa PSSR oy ¥ R et
s deg Bt onthepatyal aportnd SPg st avmitl AL

choosiog fereagtuchanneh cp@@pbreglm@ezﬁ dccertein widthi(algng dhed,

o A R A OB, B o

along gt chanfiéh diffsteRessatial anélgée@lsaﬁ'bbq:»eeredHBy cheosmg
fabrication technique, all ow n Channel er .40 ll
a ceriegmdepihafdhe shAnel Arsivgciienandivardad drmuislh of b Aepleted

regloﬁ,hégﬂ-:{b?llal 881'?1&99&{36‘&”1&&??% Be detedtSd %\Q‘?‘M%BH@MJ oft he

odes Nn sl ze as co

voltagehdropealong e chariss] iduesto 4106y ebphdtatgdmwted ietgdtrans The

bl ocked el ect od 428. 89 t
deperielias oidbe Speairal BoRorS oA AUIFIg e PN Pd gos

gate r‘%@f‘?lﬂeﬂéggcﬁi b&%a&@‘ﬁénﬁ%d l?f§ﬁpé\‘366§ 'ék'lled fh ﬂ'\%oérﬁt ed

vel ops )ng channel |ayer 406. Depl eted
Furtheeglh@ slopamfiwidtheincrease indepleted m@on@som!mngmmecrhamaar

can bl DisiAd Py ARG Ine AP AFShu SRR BRI A TR

biasingOonsitayet orhét 5btto$h Rt tlketrotidican difecttd widenhcrpes thens

of depl et ed re ion 430 are different, different
entiregiapletedgegion 43 hyriformiy. Axpan spdindesstopdJp dhig sase, the
I I
outpu# ggﬂégﬁséeﬂan)?ﬁ%%ﬁ%%%@bggl ons a%fér?t of té:? Le"nbte wi dt hs
detenﬁiheli b;lcompdnﬂ@ tmmvéltﬂgdwagbalstccb’tamedddslmcawellytvmm and
ves espect ively), developed froma p/7-junction
W'tho%"‘élnﬂ@ﬁ‘f’ of 1 nm As can be seen, the peak for a
depl eted section of wder width is red-shifted and is

[0091}i 9/Mdterhativiip|dehede400Maay bersiicratedoaslivak! 8geweamns
lied to the source, drain and gate, electrodes 428

drain t&gomm%@@ de4i Qraredpitigfie btar$@d¢9|tha@ém¢awtﬁmlajnénong
rea 1 RSN s SEqUEREAR bl Ts oo chiie
contactregione426, fof example, starting fronvthesané aearesdid s@yrce _
reglorbﬁﬁgﬁll-'lpapf o hlgﬁc ht &o'h%@ré%uugé’ Pst g&t)llerdet%' d)rgind'régio% f‘ﬁft arn
During the application of a voltage pulse at a particular region, the depletion
region near the particular region will expand temporarily and locally. The
extent of expansion will depend on the value of the voltage applied. When the
voltage pulse is applied, a current detected from the particular 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 channel with this “scanning” mode of operation.

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

like applications and can be readily controlled electronically.

[0093] Another variation of sensor 400 is shown in FIG. 4D. In sensor
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hori zontal direction as depicted) and the nunber of

such contact regions along the channel, different
wap@srsbl anal yses can be perfornmed. By choosi POI/8G2005/000043

certain depth of the channel pn-junction and varying

the width of its depleted region, spectral conponents

400", Gy opyie v A7 (e e it bW FERVER ol 00 Wit baE°
layer Ejlf Cébgfbe r @W@ﬂ%wﬁegﬁé\?ﬁ@%ﬂ@ﬂaﬂlﬁﬁ%ﬁ on

n dept depletion with and gate region |ength

dlfferel'ﬂmlekmhs oAsichy beeamlfmla@d whepdhe ehecterdesiatg i n t he

appropugiey DRk ghisted ISt aradnd sbus 6 Bt o tefhs 4o
and 41‘ﬁ1 \HEI 48%elbp at eirf@réhtm‘a@ﬁh@ QVigRlovagecalisé dufeid wegiong

I asi ng voltage on the bottom gate el ectrode can

434 has aadopingdevel souchbigbek thamethahof $f¢arH@M%aeé 40Bcgnd thalsd

ot HROHFS R g5 o S

406’ Hid £34 valll mdislidevabpbsitisiatobramhebldyby 408 0lids alsy pdesible

vol tage signals obtained respect i vel h and w t hout

that this depiefian r@glor[ isoety thiny %qawgpr Pgaje mg%m Wo@Rteray be
currerﬁg géglr tzg 4! frBWEg e e c?eﬂﬂﬁ' CAlSEadh ?ﬁéwﬂ@ & and

e sane potenti al

signali fmr@mp@l mspowee tcwioieigj:duep illusinatiors djferemnt apegtral

compmﬁ%ﬁ% inGighL Vot SRS RESoRensh S SPrifPHenty aaay be
detectreﬁEH 9§in Rifférehy boﬁorﬂ'cﬂ%ﬁﬁé of el ﬁﬁ.ﬂ‘c@ aha&irain regions

ralnre|on During the application of

408’ andvst O’a@cmd/pnagplymg ffeeant biasing V‘P'é%ﬂ%’n astc@d keepl et i on

anrk SRR BERpr R P peastend oy b

used Befuredt asigi inditatveodf thedotad imegstmﬁlgmabsmed iyhe

voltage pul se is applied, a current detected fromthe

sensopdPBi’cul ar region can be indicative of |ight absorbed

inthis tenporarily expanded depl etion region. As can

[00941D ﬁp%ﬁaﬁﬁ Belseridriadoens shewaliaRIGh 4BaNfiseori400rfent

determ ned al ong_the channel with this

MOS gsleansrfonguedrmu@pojf chgangt 4%’ Theddef gatadnclydesap oxiste

er & TRFRE RIS B LBE D SR S o

oxide GITEDL. MiE MO gate[ i@@hﬁldédi M/ha&'r opaguetayen444. Femoperation

of a MQ3 gate andhug é&nﬁelf

is shown in FIG sensor 400", a bur,ied,| ayer 434
of 440" o

creanRe readily ungsEstogd by RFTIAS

skilled in the art after reviewing this description. .

[0095] 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 spectral components of light. More or less

components can be detected. Particularly, many spectral components can be

25



| ayer 412. Source region 408 and drain region 410
have flat bottons at different depths. As can be

wappsecssat ed, when the el ectrodes are appropri BCERG2005/000043

bi ased, depl eted regi ons around source and drain
regi ons 408 and 410' wl| devel op at different

detectol i geve oI it g anapna o and S BB, e,
differdfideid pbleR) e ightarishiitng stiBoe! ReriNaRHes seecifz#ai on
arourld the p/ /-] Unc

tionbetween I.alyer s 406" and 434
componkhtsndétetiabtieare ot limited to theatisiele spegumotlight) Boths

ootrgisife v srgsFeralte P49 16 Sh EF eRpurBa Yy " "
embdéﬁh@ﬁﬁe&tﬁé%@ﬁ%@rﬂi@hrode 438 and used to provide a
sign

al, for exanple responsive to violet-blue

illum nation. Different spectral conponents of
[0097]nci fdenthelpugpese eidetesting grasetham fyee spactralFRIBPRIIGLS.

e detected . [ ' r . .
the dffRterd ananr -y Ereupan TR B Ao B ERpieY of RecGRhetrinkS
a singleRleyiced Fai bkampl, devikel 18D wos¢rape400anay de doenbined or
) under st ood by persons_skil | e%?l n the %iq‘ .. Bot t om te
integrateds tasdliustrated im FIG A5 sA% cap bearpreciged, dhg fntegra

et | . . L
sensd AR Bptl g 4 od RSl el o e, g iy
gate laera12 of &iior4B0 isrmergeslowith @ top gatebayey40 ofsensor

100 Pk e el 45 2ateantertptn APt nspdieth IHintegs
and &ggitrgggaéétﬂ/eﬁﬁlc(fjfgegﬁ)gﬁ52ﬁ§| bfiprype and igiBofrhdly) dopdt: MOS

s shi’e y an opaque | ayer 444. The operatian
Regiagis 456431 486 @rastronglysderasBriyeytedionsa i hys. ﬁHSg i°L9n"e s

ot . : _
are s ot ¥e0 dA BAnEHon s TPghBa pRBy R oBLh Bairel o o
adjacgﬁﬂaﬁar;r@wﬁfereamlbemgpmeediiatmtesuéba G@N3iip Ed,deaibqemamd)f e gf
iscrete, stron oped p- e regi.qQns o)
operaed {asipvilop tyesisanuicting chaniek andeetdgreiilen deneied”
regiOI'?éjéfgﬁf@ difladpthgate layer 412, These p-type regions
may be [)l ased to control the width of depletion region

al ong channel 406. These p-type regions may also be
[0098]sedla impreve signed givelitys | cogn%lnaﬁ slevicggoay '%"éd%w%dan

layersto {LBAEL A an IR didPAY fiuSfrafcdSin H16SCBA AR 8B AS'tan
be seen, sensor 500 includes p-type channel layers 502 (p’), 504 (p) and 506
(ph), and n-type gate layers 508 (n*), 510 (n"), 512 (n*) and 514 (n"). Each
channel layer is connected to a pair of source region 516 (p™), and drain
region 518 (p**), which have different depths according to 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" - 10" cm™ for “p*, 10"® - 10'° cm™ for

-ty

“n**, and 10'"®= 10% or higher for “p™” or “n

[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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are not limted to detecting three spectral conponents

of light. Mre or |less conponents can be detected.
weasosioesshar |y, many spectral conponents can beR€l/8G2008/000043

by devel opi ng conducting channel (s) and depl et ed

region(s) at different depths bel ow the

| ight-t jtti f r .
As cap bigntneatarh ceordpad tifes e e PRkt
. _ . . .
s RIS i syt e
formirighen-junetiens at differentoepthe odlativerta theriragepiskihie

det ect.i ng.nmore.t han.thr I t
channgfs; feet hetera o6 Aiasrf B3R RGIdrR: £F ERATERarnel Adbed |
drain @w shlireel rabRhs! dteGornéd balthe dabstate i@omenaniphtion with

evice 1007or sensor 400 may be, conbi ned or
the chianneIgqudcalaetarcmrmt%me@pmmqnicetionMlﬁ]aéa%ﬁnwcﬁon

apprecj a £ i nt ' i~al |
are ai§P Biavilsst s SBrarlifRRii fén BERBEeA I geRiofio ehard Y
carriefsah féspisedlo It 9P difdént waveleggith barids inGidenben Y e

I r 106 of sensor 100 to form a new channel 452, in

aye
surfacedgempwﬁvﬁ regianSOrGhaNBeS - n regi ons 454 and 456
respectively. Channel 452 is of p-type and is normally

[0010 ped-uéﬂgim&ﬁaﬁﬁﬁ n?éiﬁ?]ds's§uél‘i 8s Hhé Shallowdversh Botation
r I f

regi ons. TYhus, ee channels are forned in sensor
(STI) ¥GhAniqhe pefficienttelectrical ineulation ban hedovided ipgueh grsensor

for inspiA fokioduET BobERryRS BRL AR BERSRyBHaRrotE Enibonents
on L PG Gi7baskicind o campiia sore e
S.
separ?ﬁm areq, as itusitatedin Ei&%& %;th?\ﬂm] %&Igs% 55?’%869 E&‘PEIT@S
. I t | i .
a SOz vk §rd gRrhlt & SRREA (ot SHth REFIG, A ark} SpolyiRyer.

522 (rapbaetronaledsped th-§ifu))serding g5 filerdniie trepch fo rediice

AT ARTTOR T RURRL CHERME OV SIS

source region 516 (p++), and drain region 518 (p++),

[001 o*l*j;i ch RYRNal 1hjEBU2, doat 4Rl 506 arali by gtawn bpitakdalyh of

_ the correspondi ng channel in whi fch they are realized.
Their thickngepimay berfespestiveiiohd —o40 HREIOr igxsr §°§r 2 ‘i‘ﬁﬂﬁ“céf ed

t 08NS W] 08 [ i sed

layer 4,788 Q0BT 0 hif{1oP i 808, Fatn AS e ey b e e
suitabldthickhbesdGaite tayer 5ddris optipoal and shoid bershaliow, such as
havingI;r g I%i&?nggs lo? gg{)ilt 6:8% b fx%ngrethin]n%}flsb&r%@an%rain regions
516 and 518 can be formed by diffusion.

[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 JFETs 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 advantageous
because it can be more convenient to manufacture as trench 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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3 for "p ", 1016 -1017 ciTf 3 for "p". 017 - 1018 cm 3
for "p+", 1018 - 1019 cm 3 for "n+", and 1019 - 1020

woroosioggser for "p++" or V +'. [0099] As can bePCT/SG2005/000043

understood, three JFETs are thus fornmed. The strongly
doped gate | ayers separate the channel |ayers of the

JF&H&@‘? ane anot her. As can be appreci ated, sensor 500
producgd oY u?ﬁ?ers of alternating conductive types forned

on a substrate, extending away fromthe top surface,

[0010%]“18 RG] 6 ilRfstiatec & iduas JEET dlevice 600 vmq:n imeludsisa | ve
t0 the surface and three channels, ea en two

h
JFET ai¢isaienst phoyeridevien $00Hals wibrn eHype dews ngwg; g “A-

dlodeggﬂﬁ)ﬁﬁq bg) lhgﬁ&ggﬁm"ﬁ Ehé @%‘ﬁ&aﬂ&f’g ;%tnr%l;%gltdr%hﬂel JFET
604. OR¢ oF BetH6fthe JFET®60D @hdéﬁom emctdmrémghoﬂhe MEEdt i on

structgéezgg%?@ggo%d‘pgggg gg%p?(gs;(%ﬁe%% 932 @?ggép&chosen
conndlidd BrBMechoYFL 8B (G PEFesn) dreatRNEon d dyedsnhe

Ve regl eI s. [ 00100] Usi ng

drain (muthlb@ﬁthmbﬂmtlesE]bh as t he Shal | ow Trench
I sol at| on (STI) technique, efficient electrical

010151 3ot afereonCS PRANE Y6 e SertpB e Bha g/t ana
D2) b¥ E%Hu?éé 808V Thé AFSInCUIRIME I Garpbe nteastired iusing at i on
be achi eved by first etchi ngﬂa trench in the

ammeiesb‘@f‘ed\ dypicaldu-Marprafileds shewn|in 4G 8B=A\S ¢ANPE Seex  As
there 36k iee, BE33 Rl BRRrftoRinbaEs Kt ifle d, dloBeE(d VL Vet 1‘;’%
Vpeak kw lerv,v';;g Za?(?ﬁwt Vs> S‘fq”ia?ng Im%db}qoéadtorr(b)y lllumlntwng idrde a@fliq%
er 1 n renc ore ce Slress 0o.m C
(or 604) withdighdcoB Al 8 EhBBoRdLl a5 Fraparad Hate qulbetERt
drain [:99%19 Qﬁ“éﬁ%}% e L&y BEus2R%0 deffeaitflobRit @t@nabmcmramng

epi el r thickness may be respectivel

the in@hisityrof bight algsmbedm the condygiingahanagke @mJF%Fﬁoa (005

604).In pogpfiom fpo Tk ine e ST eurt Bk Gt AV By foar

zero. ABGMII Bg%dé‘raidd@w\ﬁ candie advduaagegu?cg havdi laquimto#seasmm
. mm or thj nner rc rain regions
sensnaawunlsgeee@tmgo@ this Rogmglro Epms’é %n H&ﬁ%] '%%’Pl?ﬁ
v h idAef th€& inteRsity of
e S A ey o
light sbdvebedageihescdnettietisg channel of one or both of the JFETs 602 and

604, without having to compare with a quiescent drain current.

[00105] FIG. 6C illustrates a 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, 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 616 is connected to an array
switch 618, which is in turn connected to a signal source 620. Device 600 is

grounded through resistor 622.

[00106] MOSFET 614 can be a depletion-MOS (d-MOS) transistor. It
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the JFETs share a comon source region 516'. Further,
the JFETs can share a common gate signal as the gate
w0 egsonsonr e nerged into a single gate regi on BCHSGA®5/000043
shown in FIG 5D. Sensor 500" may be advant ageous
because it can be nore convenient to manufacture as

may be-Gerans R Trebama  BO g s Eh Risen
voltag® %Hﬁ# &s GOPFAADIOT the SURBIFTRMtalE FIFETSI6HZ 30 trattieir
ich may be nore convenient to produce than a deep,

currensttvaltagieychivaelgristisecanerasimplemenjanyi Afrrehannel [dbi3]

FIG 6A illust | -JF ' . '
Sl d aBb e hEu Rt s B uRdo B Rs,
transistor fh tHPEMDS quﬁmé?ﬁ RepBciafly Whendi-eHahnelQFE Keh®R0o

I ncl udes an n-channel” JFET 602 and a p-channel JFET

be forgtet orotiee samecdevies- t he JFETs 602 and 604 are
according to the JFET structures descri bed above. The

10107 Ry BBl v T B IR glioces in

the a ; OTSZtt%Ibdr@e fljr&:tti_dnai sequahtially. Whenfswitch 6idt8hier"OFFSTthe
. . !

gate AMOSFET 814 B oiawaapg higyoh TBStrcb 45 47 BRrisigr iRGT

618 i%:%ilfcgia%osﬁd d‘f&g}g@ g‘}v@gr\l@%@w&% dexjuraitially RIFBE CONBQP “OPF”

e Is shown in FI'G 6B. As can be
to selsetanparticatar JHET 612 & sepsinglightopslyeneawitel 84 61isurned

u ls,' . oge. VP 1 ’
to “ON8 e 16 Hhldhs pescidteghlr E1 BASethres AGeprifllel O
other BA43 aké ifadtiveMivieana UFET® Zisclotivggit can lbe wsedionfeiectd
to the quiescent drain current. This c e.can be
spectigd campenests ollight as dasatibed ghave; %e@al?r%ﬁs pigare
i : : . .

selects EEEhal  ¥lar g IREal e B I o he
identifid.k or qui escent drain current is at or near zero. As

wi |l be understood, it can be advantageous to have a

ootob]! AR E5heBl SRR 4BL R B Bkl anyt
the atid¥e dlisiirbed BHictelsensorshsr seppihglieviced yF arsample, silicon

indication of the intensity of |ight orbed in the
and aslisandvasey eeranaend éﬂbﬁﬁaC%m%Lﬁ%@Pdﬁée?ﬁﬁ% 602 and

semicggéuctw{?Qﬁ%ﬂ@;?é@?[&h%wwé ) iﬁg%ﬁﬂérﬁﬁﬁﬁéﬁtagﬁﬁbn

=

urren I1TustrateS a device 61
desirdtblayerg anregiaris e lexafple,(@k@phorus or arsenic may be used

as dopant for forming layers 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 n-channel JFET in some of the exemplary

embodiments described above. The operation of a p-channel JFET is similar
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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sensor array coupled to a p-channel MOSFET 614. There
can be a nunber (N) of JFETs 612, where N 2, but only

wo ews(6BAA and 612B) are shown for clarity reaBONSG2005000043

singl e MOSFET 614 couples to each n-channel JFET 612
in the array to forma |-diode. The circuit of device
610 al i ncl udes,a switch.6 npected t o each JFET
descriglion aggglpp EW“("&S!F' @Yéﬁf)'@e 3%’%@& @% ?‘g an array swtch
618, which is in turn connected to a signal source
[00119R0. RorésiRsd Qe izbdieissdfibed ibimtiments aateolhtéiﬁiéd to be

0106] MOSFET 614 can be a depl eti on- MOS (
lllustratwarmlysam in ne way IbaltlagsuTrr@ml@crlhsfi me%d'm%ﬁf?a

suscebiado i - iraliats Sty srehaE of sk Rfyalt S 20

order bf‘@;béraﬁéﬁ MRHY inVé&htien, eraﬂ’i@r mhwﬂdevltosam:bmpass all such
onplenentary. A p-chan nnel gtﬁatran5|stor i's

mod|faatl@mwd@ledi§§q§§§a@§éiqueﬁ§yéb A convenient to form
a MOS transistor in the CMOS technology, especially
when n-channel JFETs have to be forned on the sane
device. [00107] A s can be understood, when switch 618
is "ON', the I-diodes in the array may becone
functional sequentially. Wen switch 618 is "OFF", the
gate of MOSFET 614 is grounded through resistor 622.
In operation, switch 618 is switched to "ON'. Sw tches
616 are sequentially turned "ON' or "OFF" to select a
particular JFET 612 for sensing light. Only one sw tch
616 is turned to "ON' at a tine so that the associ ated
JFET 612 becones active and the other ones are
i nactive. Wien a JFET 612 is active, it can be used to
detect spectral conponents of |ight as described
above. Wien JFETs 612 are sel ected sequentially at
regular time intervals, the active JFET can be
identified. [00108] Any suitable sem conductor
materi al may be used to formany of the above
descri bed phot o-sensors or sensing devices. For
exanple, silicon and a silicon- based conpound
substance may be used. The base seni conductor can be
doped with any suitable doping material to obtain the
desired | ayers or regions. For exanple, phosphorus or
arsenic may be used as dopant for form ng | ayers of
p-type conductivity, and boron may be used for
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p-type | ayers. [00109] As can be appreciated by
persons skilled in the art, a p-channel JFET can be
was@d/orssopl ace of an n-channel JFET in sone of PC1®8G2005/000043

exenpl ary enbodi nents descri bed above. The operation

of a p-channel JFET is simlar to that of an

[ 7- channel JFET, except for a reversal of polarities

of I rents and vol tages. Further, in nmany
WHAEIS@M@E@,'§he source and drain of a JFET are

I nt erchangeabl e. [0011Q] O her features, benefits and
1. A seiniganduder deviep,CaMpEi%ent s descri bed herein not

expressly nentioned above can be understood from

thi sdescription and the drawi ngs by those skilled in
a subetratethavirgp @ surfacef cour se, the above descri bed

enbodi nents are intended to be illustrative only and

a fg%ﬁ?é%w?ﬁeh%ﬁfﬁg%yﬁr%ggp%%hir@&i@n%ﬁﬁé& R id 8lBstrate

I cati ons of form arrangenent
at @ffirgtalepth relativd tssaiddudiadey of operation. The
invention, rather, is intended to enconpass all such

AR DI e _

= sepansprpsaeaipe Arsacehden Sbrl Eaidif forhed G said

suﬁﬁf;%éia’i %%c%nglﬂbﬂttﬁ fdlaties egdausfactaleepen than said first
p

-junction defining a first depletion region forned
depth, sai d substrate at a first depth relative to said
surface, a second pn-junctio defining a second

a c@)@%bﬁﬁb@ﬂééoﬁﬁﬁﬁp\éé gélgﬁ HelofB][rﬁ@H dnsdihi§ SUBsRaR! bétwee A2

surtace deeper than said first

firsi @ptsecend ppejdnciidre, o- conduct i ve channel forned on
sai d substrate between said first and second

R . Cd i _

saldiretaindsgayne e e coepen & GenERAER) bl ogHRFER <o

firsh %@F%‘ﬁoh Re§iRPIANESpITsd iodight of adfirsi wavelengi lsamyd inclstemd
I ncldent on said surface, (ii chargcf%pﬁg{irl ers in said

onsaichsurfansp (i chatge griinfsiin SpiksraNd yhfegien
res(spl%f\%g qe }f@?{t%ieg 9L Do PRV RS Ban@ Thaidest gvisidcufaead

ge carriers 1n sdard channel in response to
and (i thageadrtiersineaic chagodl ib sespansei tediaht o adhird

surface , .
wavglength band incident on said surface,

doped drain and source regions on said substrate in communication with

said channel;

first and second electrical interconnects in communication with said source

and drain regions, respectively; and

third and fourth electrical interconnects in communication with said first

and second pn-junctions, respectively;

whereby incidént light on said surface at said first, second, and third
wavelength bands may be detected through currents through said first,

second, third and fourth electrical contacts.

2 The semiconductor device of claim 1, wherein said first depth is between

0.02 to 0.5 microns and said second depth is between 2 and 10 microns.
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doped drain and source regions on said substrate in
communi cation with said channel; first and second
web@srisonl i nterconnects in conmuni cati on w t PCEaG2D05/000043
source and drain regions, respectively; and third and
fourth electrical interconnects in conmunication wth

- Thsﬁ?%?re{sbﬁ ductPhiagcs PHHaRDA SoFaintar publoRReld ¥ibdtate,
d.a SetflicbRétcloMmiRY, edﬁﬂf‘ciﬁ\ih@ﬁ ish@pitaxiallfejronnash

rough currents through said first, second, third and
said)wafehr electrical contacts. 2. The seni conduct or
device of claiml, wherein said first depth is between

oSO oA R Sy S 2

elédtataNimercdnpetisrarihédid suifaiceaire onoarpaieeside of said
sem conduct or wafer, said channel is epitaxially grown

subatratei d waf er. The seni conductor device of any one of
claine 1 to 3, wherein said electrical interconnects

. T@h"%@gpnﬁ%lg&nté | 8efcfbfaflY ﬁewa‘a.ﬁisdﬁ@? WALFLIS SBRE firdt ©-

e of any one of clalns t03
sesbed and tisied dlettrical interecrmeictsrand said c$ueﬁaeetare<mii a same

o BESe B o B B PS o BpTs eh i

op#ﬁgﬁé SRR Ghid Surafd) opposite side of said substrate.
e sem conductor device of any one of clains 1 to 5,

conprising a top gate regi on adj oi ni ng sai d .channgel
0

. Thecsamingnduster devies obany eretal sipiEsd! & ?Q'BHT'@'&E@ top

ot fosith AloRtifl P efng ol g AL Ruicaihbaidla, o
botmnggat?aégloga@n|n?g|W¢clmEpadl fofming fﬁpfd @elft:beld éme ;: ? nd
conduct i v ion_field-e
junignsFae ShapBkeigped Pt et copefirtie fber B SRtE SRaIGBE o
doﬁ@& 'of %nQﬂé)p%%ﬁé r§e‘§:ond %ﬁﬂ@bﬂvé Wpia ftlhu§forﬁ1hﬁgi aguhatiori ype
sai'd channel having a dopi ng concentration

fefdeﬁfﬁdkbmnlslsiﬁl(dFEa') aensaid sebsirales 3, said top gate
regi on having a doping concentration from

. The semiconductor device of claim 6, wherein said first conductive type is
n-type, said channel having a doping concentration from about 1E14 to
about 1E16 cm™3, said top gate region having a doping concentration from
about 1E16 to about 1E19 cm™, and said bottom gate region having a

doping concentration from about 1E-14 to about 1E19 ocm™.

. The semiconductor device of claim 7, wherein at least one of said source
and drain regions is of said first conductive type and has a doping

concentration of about 1E20 cm™.

. The semiconductor device of claim 8, further comprising a contact region
formed on said substrate connecting said bottom gate region to said fourth
electrical interconnect, said contact region being of said second

conductive type at a concentration of at least 1E19 cm™,
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about 1E16 to about 1E19 cm 3, and said bottom gate
regi on having a dopi ng concentration from about 1E14

W0 e0oalozssd1 1E19 c¢cm 3. The sem conduct or devi ce BET/SGZI0SM00043
7 , wherein at |east one of said source and drain
regions is of said first conductive type and has a

dopi ng concentrati i
10. TheiRrBRGRgrotyis gt o 3 Hel S 69 furthdfcomprising 2
tofy A@ﬁ bf 5818 iR coRdnEtveotypeFormed batsreﬁd subsiraediétngen
sal'd bottomgate region to said fourth el ectrlcal

sandnsmfanamsald ten gatesagian, theyfasming aihird PnsiingtiaRycond

onduc e cm

A & Hir G TheBar S it dleBiivgito keRPpurthce)
anHOarPeleEchbhﬁfer&ﬁTﬁéfct i mnmurﬁcatroegwm said thirdctidpletian

conductive type forned on said substrate between said

reglonffelcée’tanwgs%\pdffﬁﬁtﬁhgéﬁ €Megi on, thus forming a third
pn-junction defining a third depl etion region at a

11.Th&héer(§?198§§+& cfé\ﬁ&é éﬁeaﬁ oR@idf cRiE T ® 9,F0fhaP comprlsmg

erconnect I n conmunication with said
an! ddditibred pdpegate negiogiod Baﬁubse@m@cmmd@tuedmm §éormed on

said sheirage pEoRING SRRIBANCSES Fayiag adhisf B paEagh
defin g a ﬂﬁst | g@éﬂoﬁﬁb@loﬁe@\?ﬂ%rﬁéi@@ﬁﬁa’l iRelcophetoinned on

sal te adj ol ning said channel, thus formng a
cotrimunicatior wrﬂmsaldrt it demletiprareginn fprai@&fémgo% cuérsnbn

an? an electrical interconnect in comunication wth
thergfrgm-pi r g depletion region for detecting a current

therefrom 2.The sem conductor device of claim11,

12. ThehsamiicBndwdter demi:cegeut daimdilpnheneinsaid tdegate re@(i;mm@ave
concentrations. The sem conductor device of claim

dlfﬁenmlggﬁog%ﬁrﬁr#lﬂr@d pn-junction is at a depth

relative to said surface less than said first depth.

13. Th‘é Jéiﬁcéﬁaeu&&mwé@bf élaithcet, ofherein saie thifd phdimnetich isat
3, wherein said channel conpri, es a bgrled region

a mptbwaiatvge topsaid sutfaeslens @‘ﬂ“eﬁl' septhg sai d second

pn-junction, said buried region haV|ng a dopi ng

. tdfaifls 68 43 DRhERSH @atoe

14. Tr% &qﬁﬁségﬁétﬁﬂ?évs%gf%éycgﬁ depaletsl on regi on nai nly
chdﬁnell cxsprigestE buried cedion adinigiagesaidpdam gate region
forming said second pn-junction, said buried region having a doping

concentration higher than that of said bottom gate region so that said

second depletion region mainly develops within said bottom gate region.

15. The semiconductor device of any one of claims 6 to 14, wherein said top
gate region comprises a central region and a protective ring region around
a periphery of said central region, said protective ring region having a
higher doping concentration and being thicker than said central region.

16.The semiconductor device of any one of claims 6 to 15, wherein said JFET
is a first FET, and further comprising a second FET having a source, a
drain, a channel of said second conductive type, and a gate of said first
conductive type, said source region of said first FET connected to said

source of said second FET, said drain region of said first FET being
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5. The sem conduct or device of any one of clains 6 to
14, wherein said top gate region conprises a centra

wo e@isomssand a protective ring region around a PET/SEH®E/900043
of said central region, said protective ring region
having a hlgher dopi ng concentration and bei ng thicker

h g _ C :

cophodlay 1o agaie 3% sl 4 EPpaET 5 B4R & gl iedpmd FiET

beidgf &nricked taraigét@rrbbi%h STQIEM Fikst RET thes forthifgEa duati ng
source, drain, channel of said second conductive

FH‘]ywnceand a gat e of said first conductive type, said
sour ce regl on of said first FET connected to said

17. T Gl dhyRis B0l T, ARkfeif SAIFET s AU T 8

sai d second

deplelionTrél-gxiae %eﬂflc@&itrd:t@eEETﬁ((deFETr)g connected to
a gate region of said first FET, thus formng a dual-

FET device. . The sem conduc

18. Thatmerarendistor davios of amymas ob Flains Boct . dnthet Shmetising
(i) §§g109 %g fon§ %Taft?r Mfﬂ?g'%—@nducﬁ\y@ g‘féﬁﬁé&' ehaid

vice o , further
sub@lf@itélesdélwlrﬁg iroumald bottorregategfieginn awayfios gaid stgface,

duct t d
this DI Oher® r?es o30S Pritcfiop A7 Bl EntaaRe 09
relgﬁ\ﬁ?tdc éHIH's §n8 ForfMihg cHédbit merabdditiohaneHarmets aach
erent s relative to said surface and form ng

betwmmtwamjecaatmﬂ-wﬁhon%r(ahaé@@oe:alcdpn?@& &v@éhafl@léwme

t d
e 5 P ARES Gt eseh st s
md?é(‘dﬁldﬁitmaptlf:héiﬁiel% Qegnentlvasgg ; anald(di) wdrmn?ta@med

respectl ve ,oan |1 a L eclirica

mtemogne@tﬁn@@%@mw' l ‘%‘{It %ﬁg%? Pﬂae's%ﬂ%O LO$E PORal
jurﬂm]ﬁSnQ Lnd%5fd &gé ppﬁ{dn@ %ﬁaﬂﬂglss Wheréinsaid differéntcdeping be

erern sad erent depths are chosen to generate
chosert ’g:egelmraieemhargﬁ cabige i sesponsiedatlight ofidifieserin

waliRenPBoRs Bt 85 2F] SHiScq Resbeb o if SaRFORG bF )

m&é'r@g@ﬁéf\ﬁﬁére%ﬁ/ .ﬁ@udntdigmermndwavfabemgsalcmrfesemay be
deteCted through said additi

wonelnatis pasdimen ke etgriachinipua e Jddiiond] otk And <.
dréin ?3&539,W§£B fional efSUiitdl hiBetonnects.

19.A semiconductor device, comprising

a substrate having a surface;

a doped, photo-conductive channel of a first conductive type formed on
said substrate beneath said surface, said channel having a bottom at a

first depth relative to said surface,

doped drain and source regions formed on said substrate beneath said
surface in communication with said channel, said source region having a
bottom at a second depth relative to said surface, said drain region having

a bottom at a third depth relative to said surface;

34



a substrate having a surface; a doped,
phot o- conducti ve channel of a first conductive type
wo ovospasson sai d substrate beneath said surfacepPCEa6Zh05/000043
channel having a bottomat a first depth relative to
sai d surface, doped drain and source regions forned on

i d { te.b th. i t
a Johet GAIRTo0Rh HrAn SitiabiS sitond oA eli s BRERMLERITT
saftf sibstef® BEn&RAtdhd Adjoiingesdi® chanrdl auwrd said sotrcaland ai n
region having a bottomat a third depth relative to

draiai reg@usf’dwe erming @doniunetior geding A q\eplsfj%gew@n
second conductive type fornmed on said substrate

saﬁf@%ﬁ ?%tg glﬁggh%ggﬂgra@bﬁal‘égac%ﬂ%rs "i’ﬂ%a?d?‘bﬂ ?ﬁéﬂiﬁe and

ornrng¥a pn-j unctlon

re%s%ttb HOht 6 first weelength band! mptdent lovseaid tsurfgeepr ate
charge carriers in said channel in response to |ight

of a first wavel ength band incident. o n saij
saihsepcrdiaRih GbeRan BhoUAE SRR EATIETE 1A gl LShIPIE
reélanﬁ)%)gm%?é’gﬁh'tﬁ?toh‘? 8f S4ld @Bﬁ?ﬁerf@ i%nﬁﬂ' r‘ésBQhé@% Rghtssti
ce region response to light of a second
semandetl\anglehgtiabmhd imcidbnt bnsaidssurthcelr f ace; said third
depth chosen to generate charge carriers in said

t regi on, proxi [
salcflhirginepih FESsahober e eTdh CarBl PR ARG "L
re¢iBR ipi&amatisaidibbtows bhsHd drainségionth sesponkeeteedight ofa

I nterconnects in conmunication wth said source and

thirtt wevelesgthdrand ingislest onsaid Surlacehi r d el ectri cal

i nterconnect in conmunication with said p/7-junction;

fi ré%%rdﬁs%\éoha %‘Iﬁﬁée}! lllltghit. nfBc&ah @oﬁh‘l’id Aeatieh with $hiflisosifce

vvave ength bands nay be detected

antifdrainghbgions; mspectivelpugh said first, second, and third
el ectri cal | nt erconnects. The sem conductor devi ce of

= e eltedrcal {REFBLBeRinbarhahicH e fith s gHnDoD ©-°

and said third depth is from2 to 10 m crons. The
d}mﬁmant ightdevsaid seiface at saitldirsty selcand @0d thvitder ei n
sal

wayelphst fﬁégf@@g Sy Lg:eglg«:e/%ﬁ %f tﬁ{qfi’glanchy&?s tﬁrough sala [F?st has
second, and third electrical interconnects.

20. The semiconductor device of claim 19, wherein said first depth is from
0.05 to 0.5 microns, said second depth is from 0.3 to 2 microns and said

third depth is from 2 to 10 microns.

21.The semiconductor device of claim 19 or claim 20, wherein said first
conductive type is n-type, said channel has a doping concentration of from
about 1E15 to about 1E19 cm™, said source and drain regions having a
doping concentration of about 1E20 cm’, and said gate region having a

doping concentration from about 1E14 to about 1E15 cm™.

22.The semiconductor device of any one of claims 19 to 21, further
comprising one or more contact regions of said first conductive type
formed within said channel distributed between said drain and source
regions, said one or more contact regions having a higher doping
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about 1E15 to about 1E19 cmi 3, said source and drain

regi ons having a dopi ng concentrati on of about 1E20
wando3/07sntd sai d gate regi on having a doping  PCT/SG2005/000043

concentration from about 1E14 to about 1E1 5 cm 3.

The sem conduct or device of any one of clains 19t o

conggniationdfion SRR eRyER e e Re, FieeRheb GH et
withi Sichi dd i drebie eP nforé ofitrt regiods ferdetectieg anmitput
sald one or nore contact regions having a higher

sighapthegefooroent rati on t han said channel, and an
electrical interconnect in contact with each one of

sai d .one, 0 re c i I t ' -
25. Thg it o B e G dn GRUARTs 1o, Hiierdl #3ub-
redioy iPSsid Yats P@ima?ﬁairﬁm Raitl, chanaet comprises aduirted layer
sai d gate region adjini n% sai d. channel cor?éﬁilseﬁ a
hayingiackighek depiRg spReeratiogban gald Feannsl SoRs B iR ¢ han
i.d c : [Mry! ' f said
xRl e BUaH edfor Il oA e
sem conductor device of any one of clainms 19 to 21,
24. The wehtiesnduzbqrdevicegofanyoxielef ¢lains 100 2dnfurdheni t h sai d

cof G ar o BB B e o
req?@ﬁr,i & RIEMGE ST T6MMRS) o @bRI 0586 |ayerahas forntiag a metal-

nterconnect in communication wth said netal | ayer

oxidersageicenducigr MQS) gate apdandeleeiricalinterconneshiBluct or
dou: ; . e R
cof i e el 54T SO o

addi tional doped gate region beneath said additional
25. The samiedndubtgredbviceuofostaion d9 diugthar cegipsising an additional

' ' ith said additi I I
dopra ghaned beret et sets o onan ddPERA L ae
reggﬁﬁ* ibta'?e&ﬂ\' sdid baditieaaIuhanPe], dobedtsdiges ahtdedrain regions in
erefromrespectively. The sem condu%:or_ evi ce of

commiinicat®n with saidradsiiignal shapnal and-an glestiicalintereyInget

. in j 4,00 M tihesal t b st i
in (oo Wl iR ol Eol G SRRSO TNS
therBflof @spedtivglyons through said gate region. The

sem conduct or device of any one of clains 1 to 26,

26.Th\éhseern$|::gn3ua}:ltgr device of claim 25, further comprising source and drain
regions in communication with said gate region between said channels for
detecting a current between said source and drain regions through said

gate region.

27. The semiconductor device of any one of claims 1 to 26, wherein said
substrate is made substantially of silicon or a silicon-based substance.

28. A photo-sensing device comprising a plurality of photo-sensing units, each

unit being a semiconductor device of any one of claims 1 to 27.

29, The photo-sensing device of claim 28, wherein two or more of said
plurality of photo-sensing units share either a common source region or a

common gate region, or both.
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substrate is nmade substantially of silicon or a

silicon-based substance. A photo-sensing device
wa@oempnrsong a plurality of phot o-sensi ng unit SPCEaGEN05/000043

unit being a sem conductor device of any one of clains

1 to 27. The photo-sensing device of claim28, wherein

t ! f [ I ' . _ i i
30. Therphotb-sftaity Savies sl oldla 28, WhereTPosl Blutey &f
phé@%éﬁ?‘:’i PliniRooim3PpdttsmAbeintagiensi ng devi ce of claim

or clarm 29, wherein said plurality of
photo-sensing units forma pattern for i i.ng. 31. The
31. Thettolo-sensing geviee iof any ongaf C@A@S&% fo éaq, Ng‘aeg%'"t Vo
wherein, t Qr._not [ = i ts are
mare4f Rald %ﬁgoﬁgpg@pgwg%ﬁzgs{%fggmr@tehog o:‘&ggﬂg 0- sensi ng
conprising: biasing a junction field effect transistor

32. A inétiiol) oftphoteBenhgihg cempoisihget i ng channel between a
source and a drain of said JFET, said conducting

h | “havi . .
biasingh juncAng APt SRS Sap Rt FESL ISR ool
absorption section having a pre-determ ned

a SR EafP Bt bbiweetPs 8blre drkbadnain of sail JFEET psaidor e
eple regions below said light-transmt s

conduttimgechanagiiing A AbSerRSion. satdep Helov gdight-iansmitting

sulGER LS RN, itlpsbriioL o A1 Bt inec

photd-Ediictilit/'spadaiil respomsenandin out put signal deri ved
fromsaid channel indicative of the intensity of |ight

orp e ioRe ek PR e e
vl 3, 50 i b afgiienbaibsaamgat suttnat pre-of | he

detdraiimdB@avelbpgts; n sai d one or nore depl eted regions
conprise two depleted regions at different depths

g Sal b Pt Hhidth BAIGRE. G Lo an out put.

signal conprises sensing a current. =
sensing an output signal derived from said channel indicative of the

intensity of light absorbed therein; and

for each particular one of said depleted regions, sensing an output signal
derived from said particular depleted region indicative of the intensity of

light absorbed therein.

33. The method of claim 32, wherein said one or more depleted regions
comprise two depleted regions at different depths below said light-

fransmitting surface.

34. The method of claim 32 or claim 33, wherein said sensing-an output signal

comprises sensing a current.

35. The method of claim 34, wherein said sensing an output signal comprises
sensing a drain-source current from said drain to said source through said

conducting channel, and said sensing an output signal derived from said
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5. The nethod of claim 34, wherein said sensing an
out put signal conprises sensing a drain-source current
wo e@3i03@0t drain to said source through said cPOTIEGLI05G00043
channel , and sai d sensing an output signal derived
from saidparticul ar depleted regi on conprises sensing

.gate current .fr . i i - .
pafichir GplfiteBiiat BPuSEs Serdhng AURE kuitbhiFrdf & gato in
coMBef Witk sal shrieulat eplatedi@ionsour ce current conpri ses:

sensing a source current fromsaid source during said

iI'lum nating, obtaining a quiescent .source currept,
36. Thametbat of claim 2P, ydieseinsaichsansinga drjprsafce gurren

suhtracting fromsaid source current said qui escent
COLPIIPER current. .The nethod of claim 35, wherein said

sensing a drain-source current conprises: sensing a
sefiking & sourceourréntdrom aiitl sburce ddting sgidsbuminating,

il lum nating, obtaining a quiescent drain-source

cunrent,_an%¥$alculatin said drain-source current by

obtaing A qUIeIFat SAVCE YH % M %urrent sai d qui escent

drai n-source current and the sum of said gate

cal‘ég{a&iﬁ ts3id di2fh-98feetupfent bpisabBacting feoraisaid sodrce
obt al

ing a quiescent drain-source current conprises
cusentsaig quiegoerksatiee §8ERe current from sai d source
and a qui escent drain current fromsaid drain wthout

L]k & naf , WHrilsdlid 88ihd bldiinSdtiires eumedt
37'Th857‘%tﬁ1pgt%ltfﬁg%g;gd%ﬂlﬁrg@cséé raién%ls?'ngn ce .r cu#J rent by
comphibegct i ng sai d qui escent source current from said

qui escent drain current. The nethod of any one of

setsinaratrgi itz el SpELFR il SpASRERTRANS, |

different spectral conponents of said |ight can be

ob%iﬁg@@ﬁdsédmmﬁnisém putertj gmél s. The net hod of
claim39, wherein said plurality of spectral

calsoipgoaemd drangovie st Bua BRARTHY of FHigitain surrens
sa%?é%gg AkrdinRlovfes aipaRaiHd the sans of\eaid Igatg charehts. ow

nm sald green conponent covers wavel engt hs

fromabout 500 to about 600 nm said red c?raponent
38. Theanethodvaf clstivndyt, iwherein said obtaining a quiescent drain-source

current comprises sensing a quiescent source current from said source
and a quiescent drain current from said drain without illuminating said
light-transmitting surface and calculating said quiescent drain-source .
current by subtracting said quiescent source current from said quiescent

drain current.

30. The method of any one of claims 32 to 38, wherein said pre-determined

wavelengths are selected such that a plurality of different spectral
components of said light can be determined from said output signals.

40.The method of claim 39, wherein said plurality of spectral components

comprise a blue component, a green component and ared component.

41.The method of claim 40, wherein said blue component covers wavelengths
below about 500 nm, said green component covers wavelengths from
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above about 600 nm
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about 500 to about 600 nm, said red component covers wavelengths

above about 600 nm.
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