3 February 2005 SOLI D STATE | MAGER HAVI NG GATED PHOTODI ODESRREIMEPROD FOR
~ MAKI NG SAME BACKGROUND OF THE | NVENTI ON The U. S. Governnent nay have
“certain rights in this invention pursuant to contract nunmber 70NANB5H1099
_awarded by the National Institute of Standards and Technol ogy. The
invention relates generally to large area solid state i mager devices and
specifically to i mager devices having reduced phot odi ode sidewal | |eakage.
Solid state imager devices are used for radiation inmaging (e.g., Xx-rays),
such as for use in nedical diagnostics. Such solid state inager devices
commonly conprise arrays of photosensor elenments with associated sw tching
el enents arranged in r¥WsIDRSIDATBIIMAGER MAVWNG&AXED osensor el enents bei ng
addressed by rows of i 0 to_as address lines) and
col ums of data Iine§ﬁ%gﬁgghbgﬁ§$éghﬁwg&§&ﬁgFég&ﬂéégbKines). Typically, the
phot osensor el enents are photodi odegapgpd the switching elenents are thin
filmfield effect transistors (FETs or TFTs). One of several factors that
can influence solid state inmager performance is the anount or |evel of
phot odi ode rever bias | eakage. In the solid state inmager devices to
mhich.the%ﬁﬁ§§§W§%Wg%Qﬁﬂﬁg%HﬁgEBm?@Eied, t he phot odi ode | eakage is
regarded as having two conponents, sidewall |eakage (from surfaces of the
phot odi ode w t h subggani galcd i t tr ng .ar.ea, l.eakage
(from photodi ode suﬁ?gigs(ggggkgﬁffgﬁi;Q%%§§P?%Ia?@%tﬁbgggﬁgﬁ?gﬁg). In
i mager deRyrgeant tocyuragsanber HNAIWBSHAYS iwatiedby thd Natipidtinditades in a
representat] | ically have approxi mately square di nensions_on the
or der ofgég%ﬁ?ﬂgéﬁkf%xgaﬁhnn1in | ength and width. At such sizes, the
. sidewal | | eakage conponent is of the same order of nagnitude as the area

I eakage conmponent; THelsvention relates generally to large area solid state imager devices

and specifically to imager devices having reduced photodiode sidewall leakage.

Solid state imager devices are used for radiation imaging (e.g., x-rays),
such as for use in medical diagnostics. Such solid state imager devices commonly
comprise arrays of photosensor elements with associated switching elements arranged
in rows and columns, with the photosensor elements being addressed by rows of scan
Iines (also referred to as address lines) and columns of data lines (also referred to as
read-out lines). Typically, the photosensor elements are photodiodes, and the

~ switching elements are thin film field effect transistors (FETs or TFTs).

One of several factors that can inﬂuence solid state imager

performance is the amount or level of photodiode reverse bias leakage. In the solid

- state imager devices to which the present invention is directed, the photodiode
leakage is regarded as having two components, sidewall leakage (from surfaces of the
photodiode with substantial incline to the substrate) and area leakage (from

photodiode surfaces substantially parallel to the substrate).

In imager devices to be used in medical applications, the photodiodes
in a representative pixel typically have approximately square dimensions on the order
of about 0.1 to 0.4 mm in length and width. At such sizes, the sidewall leakage
component is of the same order of magnitude as the area leakage component; thus
both components contribute significantly to the leakage, thereby degrading the
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both conponents contribute significantly to the | eakage, tRASFEBIVRIIPadi ng
the 1 3 February 2005 performance of the inmager. For exanple, in

radi ographi ¢ applications, the exposure tinme (between read outs of the
~array) can be as long as two (2) seconds, and a photodi ode | eakage of even
| pA wll degrade performance significantly by saturation of the charge
that the photodiode is able to collect, and by contributing to inmager

noi se an drd . (of ' t . rrent tenti al
severitydggﬁﬁﬁ?ﬁﬁéﬂéﬁfoaéglggiggg&%%ggf%ﬁ??%ﬁéggﬁmﬁéﬁﬁﬁggP%gQ When it is
~consi der egimk BktwleBe rRIIObQI FURS HRY) CRELRIR 1Rgels ARPKY) dBdhdscandqn bi as,

at a tenperature sonewhat above roomtenperature due to heat "~ generated by
sur r oundi pigtaliedd legdaige of evandneA il degiaddpérforinaged dipgacamg\bycatui@ion have on
t he order of one nilliong&; X 106) photodi odes, of which a high percentage
must not dletheehimgeithatothd @hotodicsieds dibleatei endleath and dyseinimbutingtse imagerbad
pixels. It is therefore desirabhle to reduce the reverse bias | eakage of
‘the i mageRoipRdadisei et psosiped wathithe leakpescprterthl e, whil e avoi ding an
increase in the cost and/or conplexity of the imager fabrication process,
and whil e avoi di ng . tion i erfor 0 rel yabil.ity. SUMVARY
G THE. | NVENTT ON AcEy B9 GHGACRY <8, oD R phPlopRuCIeBkaast Pioklhit bt here s
provi ded g,,r&Ghikd viteRliffis (CBRGGrcd AP He PhBdf dRY H{a?dlp@é_t&ﬁnd%%&%‘wﬁor pi xel s
arranged i'n a pixel array, each of the photosensor pixels conprising a
phot odi odgniiAy Hasa a8 iad env@rdturet fgnevdiatiaald rbevi RenpRra@tedud & @edtri c | ayer
di sposed thereon; and a field plate disposed around the photodi ode body,
the fi el degobmated Gowprowiding alvwirghio wsmpohénto NFuthep othe dinmger titvdce atay
dielectric layer, the field plate exggnding_substanpially conpl etely around
the si deWFonghe prier phenemibiga. (1 A to) ahpigdiodesn vbtvrteh adughcperemtagse” pr esent

i nvention, the i _

[ 'S rovi ge . . . . .
Maust ot e 16akY in brder (%0 avoid having an excessive number of bad pixels. It is

therefore desirable to reduce the reverse bias leakage of the imager photodiodes to the
extent practicable, while avoiding an increase in the cost and/or complexity of the
imager fabrication process, and while avoiding any degradation in performance or

reliability.
SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a
solid state imager comprising a plurality of photosensor pixels arranged in a pixel .
array, each of the photosensor pixels comprising a photodiode having a side wall, the
sidewall having a gate dielectric layer disposed thereon; and a field plate disposed
around the photodiode body, the field plate comprising amorphous silicon disposed on
the gate dielectric layer, the field plate extending substantially completely around the

sidewall of the photodiode.

According to another aspect of the present invention, there is provided
a method of fabricating an imager array having a plurality of pixels, each pixel
comprising a respective pixel thin film transistor and a photosensor, the method

comprising, for each respective pixel, the steps of: depositing a first conductive layer
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a method of fabricating an i mager array having a plural ity SFPBEREA%S each

pi xel conprising a respective pixel thin filmtransistor and a

phot osensor, the method conprising, for each respective pixel, the steps

of . depositing a first conductive |ayer -2 3 February 2005 on a substrate;

form ng a photosensor bottom el ectrode fromthe first conductive |ayer;

form ng a photpsensor body disposed at | east ortiaqn. of the.

phot osen<dl * e QMBRe babBrmsor Aot dn o &5Pas Jud b Ay “arfidllie: <.

deposi ti g2k, | & i Hhes REsRaQy; body;
ggye%er g}ge% ?fé(f,tg%égor ISHdgrOcrﬁ;%JpﬁécF oh 3 Rast® ﬁémbﬂ SRR r

form ng ate sing anorphous silicon on at |east a
porti on Mdottbheel8@iodedihe lpB6tokdnsor Wha@ﬁigediﬂét@ilish@eposﬁiﬂ%\&%alte dkctidie

phot osensor body and extendi ng conpl etely around the photosensor body; and
f orm ng alideshriofryel eetrrthe photosenb@chadyc &lrmimgns dayter Wi fikldt platefdosipdisiplgat e.
According to another aspect of the present invention, there is provided a
radi at i ortmarplasss silieasr Prjahdeash aspargon £ cthe Lajm dicdeciis dyen co¥gfing $§osed on

th bstrate, hot i Si I lit f pixels,

cach of gLl £ pRERRGeO BRI arepanbromRELG AR T Bl ReBriac o
th i xel ) .Sl na. I i jth sid I'l's;
athn 1 g S B Rl e fodRUOH R OA SRR I AR 8 1o The

phot odi ode and the scan line and data |line so as to enable selective

readout of - the charg@offing ReandfiRl asieadsr tha pERBATIAvedties ! thedes fioviteged in
el ectrical contact wth the photodi odes; and a field belt conprising

anor phoua sididtioanimages gosprisiag:oa rmibstrete; ph gthottiseder sy whisposedvionhtha
dielectric materjal being disposed between the field plate and the
phot odi odtbsitssy the heotpseapel dyedyt comeirising & PBirelity rafquixels, cesph o€ thawpixplst he

body | n CEMECOBBIRancac HRE LS DBBaHE: SHnt Eha el ERTC B RE S BRI £
advant agddospioch B Rt iDaaEr AC B o ERMERTERRRRELFIBERS e (e
fol | ow ngjdeiall eduslesd & tHighedicile and the scan line and data line so as to enable

selective readout of the charge of the photodiode; a common electrode disposed in

electrical contact with the photodiodes; and a field belt comprising amorphous silicon

disposed around the photodiode sidewalls with a dielectric material being disposed

between the field plate and the photodiode body, the field belt being in electrical

contact with the common electrode so as to provide an electric field around the

photodiode body in correspondence with the potential of the common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the present

invention will become better understood when the following detailed description is
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3 February 2005 read with reference to the acconpanying dr \Eeﬁﬁg%y%QQSWhich

| i ke reference nunerals refer to |ike conponents, and wherein: Figures

| A-D are substantially schematic top plan views of a representative

.phot osensor pixel of the present invention at the various steps. of a
production process. Figures 2A-D are substantially schematic
cross-sectional views taken along the noted section lines in Figures |

A-D, respectively. Figures 3A-D are substantially schenmatic cross-sectional
views taken along the noted lines in Figures 1A-D, respectively. Figures 4

and 5 are : ially hemati c cross-sectjonal views of the device

i |l ustrat é%‘ldBﬁltt@?etgfﬁrg‘éceiﬁﬁg%%cﬁﬁi’al?yé%a’éﬁ*%’éi R W@Fb kke refprsase mameraler . | ayer
deposi t ed refyretn likbeorppenedasiwhasmgs of the photosensor pixel of the present
invention. Figure 6 Is a substantially schematic top plan view of a

representative photosensor pixel in accordance with a further enbodi nent
of the present inveR8PeEs. Lﬁ'ﬂgu?fé yubistantially isshemeticakdpy pdahenmts of a

o 055 SeCihARBhaNIESKEIAODr BESHLEN bLOSi -] 0 Flaure 6 Floure 8 i

a substantially schematic cross-sectiona ®dn line
8-8 in Fi pwdect®n ffogar.e 9 is a substantially schematic cross-sectional view
of a representative photodi ode island in accordance with the present

invention. Figure 10 ] aph _pres ing experinmental data illustrating a
~ decrease in diode |%ﬁ{i’%@g’s‘gﬁpﬁ%ﬁ%gnﬁ&b@&%&@aﬁ%C’é’é%‘%&ﬁ%e\ﬂ?’m kkeme present
“inventi onalofg hometcl kedtondingd AFiykewl RID,1tBg iYL array showing a plurality
of representative pixels and wth respective photoresist TFT apertures; -3

Figures 3A-D are substantially schematic cross-sectional views taken

along the noted lines in Figures 1A-D, respectively.,

Figures 4 and 5 are substantially schematic cross-sectional views of the
device illustrated in Figure 2D and 3D, respectively, with a final barrier layer

deposited over the exposed surfaces of the photosensor pixel of the present invention.

Figure 6 is a substantially schematic top plan view of a representative

- photosensor pixel in accordance with a further embodiment of the present invention.

F igure 7 1s a substantially schematic cross-sectional view taken along

 section line 7-7 in F igure 6.

Figure 8 is a substantially schematic cross-sectional view taken along

section line 8-8 in Figure 6.

Figure 9 is a substantially schematic cross-sectional view of a

representative photodiode island in accordance with the present invention.

Figure 10 is a graph presenting experimental data illué.trating a
decrease in diode leakage employing a device in accordance with the present

invention.

Figure 11 is a plan view of the imager array showing a plurality of

representative pixels and with respective photoresist TFT apertures;
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3 February 2005 DETAI LED DESCRI PTION A radiation irmager 100 ERgta9031)
fabricated in accordance wth the present i nvention conprises a plurality
of gated photodi odes. The term"imager", as used herein, refers to a solid
.state device that is adapted to absorb i nci dent radiation of a particul ar
“wavel ength (such as optical photons, x-rays, or the like) and to generate
‘an electrical signal corresponding to the absorbed radiation. As is known
in the art, typically the pixels are disposed in an array having a pattern
of rows and colums. As each pixel 110 is individually addressabl e by
respective rows of scan |ines and colums of data |ines, the spatial

di st ri but DBTAIL EDdESECRIPTI@NSor bed by the array is also determ nable. The
- photosensor array is electrically coupled to electrical <circuits (not

shown) situated off of the substr ? Those .circuits anplify and process
the el ectrical signéﬂ?mﬁe%bFﬁﬁﬁﬂlﬁ%I?ﬁgeéﬂ} fapricated amaeserdagre Withiher ray of

such pi xehesémynd@ﬁn@q &drﬁamseg H%ﬁir&lﬁy %F gét)éd ph&tofiodes2"TIRY fefY "ﬁﬁagfegotaesensor S

such as phot odi odes and can as an x-ray | nager by coupling
t he |i ght useddgein,ae sWtOtaosoehld Si@tfr éweacihntt isladapted tof atisbbhinciolemplr iadietiora

naterlal t_e tlca n ray radi,at of .ot her type
r adi at %’gﬁ pﬂuﬁ eé%]ﬁghg éb‘sp(ﬂpel Bﬁ(:’}ﬂnsf H%mé%l R 119 Qg‘gr% d %at ed

_phOt odi Odgéhereﬁé;arusledrlmrs@n@l dfescnding 18Rt sadse MMidtRe. 1AL isWib&h ihave a

band (or belt) of sem conductive material disposed around the sidewalls of

t he phot ol Gte tHieRIYsi§e ixelnarsrdisnoged | an papy haviag @ patisrn ABaoKEs awhen in
oper at i ONeouiths, Ak 2L ﬁ&blnﬂwal@ G Al alid ppT o idB i gdg, pody so as

“to reduceeectrlca eakage fromt he array.
The belt lfessedicobmduacifidet Iimca,ttee ispdtiatl dspibmedn af mﬂmhotnfm)sﬁhbedibybmiy

. sidewalls (with dielectr] ﬁﬁt Lla| dlsposed bet en t he dlfde body and
the bel t BIPasaseSRITRRRRE it aneGepsirairiay it els trlﬁa Yetaupted;te £ Cgrwebum ed to
- the anodecighits (ot Gt sithitb$ oﬁforf@ﬂ%gﬁﬂﬁﬁtﬁite f ohoR Frcuitd BholiR AlGrocedy " gated”

di ode structure that reduces di ode | eakage.
the electrical signals generated by the array.

As an example, an array of such pixels may be a light imaging array

(e.g., an array of photosensors such as photodiodes), and can be employed as an x-ray
imager by coupling the light imager array to an x-ray scintillator (which comprises a

~ material that emits optical photons when the x-ray radiation (or other type of radiation

being detected) is absorbed in the scintillatof).

“Gated photodiodes” as used herein refers to diode assemblies in.
which have a band (or belt) of semiconductive material disposed around the sidewalls
of the photodiode body so as to provide a “field plate”, or means, when in operation,
of establishing an electrical field around the diode body so as to reduce electrical
leakage from the sidewalls of the diode in the array. The belt of semiconductive
material disposed around the diode body sidewalls (with dielectric material disposed
between the diode body and the belt of semiconductive mateﬁa[) is typically
electrically coupled to the anode of the diode. This arrangement forms a “field plate”

or “gated” diode structure that reduces diode leakage.

A number of processes exist by which photosensor arrays can be

fabricated; it is desirable that fabrication processes provide not only components in
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A nunber of processes exist by which photosensor arrays can 65&UANPcat ed:
it is desirable that fabrication processes provide not only conponents in
-4 3, February 2005 the array that deliver desired perfornmance but al so that
.the fabrication steps be efficient froma tine and resource standpoint. By
way of exanple and not limtation, the inmager devices described herein are
produced by what is referred to as a reduced nask set imager process, one
aspect of which is that the photodi ode bodies (conprising the

sem conductive material of the diode) for the respective pixels are
deposited prior to the deposition of the associated thin filmtransistors.
The ‘sol i dtlst argy thatreigbverodiesiraé perfosednce ibwv eatdol Ot thdhifsbhichéen dRps dased

reverse biﬁs.c r.rent .Ieak&ge, is fabricated in steps, with the resultant
st ruct ur e§HIFHIOHEPF PR TSPWRE sterdnogti By & iedampleandingt Heéfation. D, and i n
COr r espPOoN@eiehaGliORSice € 8LdcABe A RYR p 5t isT,

fabrication mg hod i[s di gcuessed ggﬁﬁ?gﬁﬁé&gi%&ém Z?ré{]cftglég%%sg&gg4

5, 435, 608 maghdet imggrrapmeess) lonofasphitcdl avhéchassithpiethet phathdiods diodieee her ei n.

The pres Iy L Qn proyides nmodifigcatiaonsg.t he process.tp achieve the
el P CofRingE L SaRORNIAES ARl of Bie @PFr0r HersSRetEEe Binel REnkage of
t he phot odépditgl pricdto theWepaxsies offthd dskatSdte @ihiORInA REndMRbrs! TRE t@ld @te A

representative Ei xel 110 is illustrated in the fi %ures herein and t he

~ acconpanyTigenes beipstsranny Ertispshish dat fiecrepspdrsvense hagrnvantJeakags, ipi xel s 110
are typi calphiyated I QL s hdi pi xel

110 conpri se_sahéa’d %&gﬁﬁg‘gﬁgcﬁc l%gs{g%h{%&ﬁ%ﬁgﬁé%g{@%?éeégbéﬁg% Sggt(réfg -

descr i bedithEiguten, | AaPd and smicoméspondioie ersesstioh vasysa2 AHD ranfli IAFD | Thel ef f ect

‘transi stor FET so referred.to as TFET. Typically, in accordance with
knowr fab?ﬁdgéetdi% ik %Lﬁ%aélggég?t_ﬁ‘?(gbgr &é%?eg‘ngwragl"llgdﬁ'geh)}éte% Safgsgeﬁ%i rate 105
that wills5hs,608 arsisus @ all GRGRIChPROLEISRIODL RETAYighiOREEHS The

si-mul t aneousl g In accordance with the nethod of the I'nvention, a first
conduct i veresanhyiayentiop provigep oupdifigations atos tfref precces teudhievat thel@be( a portion

of fi rst CRRGHGEY RoshiBYE n the reduction in reverse bias leakage of the photodiodes.

For purposes of illustration and not limitation, a repreéentative pixel

110 is illustrated in the figures herein and the accompanying description refers to such

~ a representative pixel. Pixels 110 are typically disposed on a substrate 105 (Figures
1A-1D). Each pixel 110 coinprises a photosensor, such as photodiode 126, a-s shown
and described herein, and a switching device such as a thin film field effect transistor
(FET), also referred to as a TFT. Typically, in accordance with known fabrication
processes, fabrication of all pixels on a substrate 105 that will form a particular

imager photosensor array proceeds simultaneously.

In accordance with the method of the invention, a first conductive

- layer 120 is deposited on a surface of substrate 105 (a portion of first conductive layer
120 remaining after etching is illustrated in Figures 1A, 2A, 3A). A gate electrode
122 and photosensor bottom gate efectrode 124 are formed in 2 common etching
sequence by etching first conductive layer 120 in accordance with a pattern, such as is
defined by an appropriately patterned photoresist mask, conforming to the desired
positioning of the gate electrode 122 and the bottom electrode 124, As used herein,
the term "common etching sequence" and similar terms refer to the coincident
formation of components in the pixel, such as etching the underlying material to be
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120 renmaining after etching is illustrated in Figures |A él&bgﬁgXZQQSQate
~electrode 122 and photosensor bottom gate el ectrode 124 are fornmed in a

comon etching sequence by etching first conductive layer 120 in
.accordance with a pattern, such as is defined by an appropriately
patterned photoresist mask, conformng to the desired positioning of the
gate electrode 122 and the bottom el ectrode 124. As used herein, the term
"conmon et ching sequence” and simlar terns refer to the coincident
formati on of conponents in the pixel, such as etching the underlying
material to be -5 3 February 2005 forned into respective conponents, in one
set of et dpimeg istoejespectiveocghpamnets Natone seraxd etqhigs DEBIhigHBEK patfdifed
conductiv?)h@§%&t12 fromwhich gate el ectrode 122 and phot osensor bottom
el ectrode E 1578t med typically conprises indiumtin-oxide (ITO, or a
metal such as chromum titanium nolybdenum alum num or the like,

deposited in one or The @Badbéthlee I[dyaYer® HRnd kKBRS Sel e of 100
10, 000 Angstrons. After gate fornatlé%n,e?ﬂgtdgh%%%de i sl and

Angst rons h&ﬂ f
126 is f oPRROSEEIghRtom Blectroge 124 3s fermedpypically compdsesdiadivnt-tinmxaleect r ode
underlyin [Ss ] [ 1S ]l us ted in phantom . Th hot odi ode
i sl and 12%1’[?9})?12%' y 1%&%‘?&%@@ n'r?’etétgl{“lé@éb@?y bﬁ??‘f‘ﬂs@?’&%"é‘&“’\ﬂftthe ﬁ}‘gken l'i nes
i n cross- depssiterhial onkiog in ew!tipl Rpcts 3B) tifknasnrihe vsder 8T LHECARe{@NSI th, W th an
n-type d09§go Hﬁrghous silicon layer 128 deposited first, %ollomed by an
undoped anor pnolt&™ % con 1 ayer 130, also referred to as intrinsic

anor phous silicon (i-Si) and then a p-type doped anorphous silicon layer

132. The representAfteOghtd ormiage, 88 PR tRIHSBIaaH §26 foPrHEcPH%EQreOLfB
|IIustraté§P only; typically the n-type and p-type |ayers-are thi’'nner than
t he undop %x%fbsmﬂ%on &y diode| hottgadelettonle undedybchodiaitesiasd d42d igny have a

(170 o shug e eREL D, “TROIPRAN: TB T8 sy oot ot lvers ™' °°
(illustrated with broken lines in cross-sectional Figures 2B and 3B) of amorphous
silicon (a-Si), with an n-type doped amorphous silicon layer 128 deposited first,
f0119wed by an undoped amorphous silicon layer 130, also referred to as intrinsic
amorphous silicon (i-Si) and then a p-type doped amorphous silicon layer 132. The
representation in Figures 2B and 3B are for purposed of illustration only; typically the

- n-type and p-type layers are thinner than the undoped amorphous layer. In addition,
the photodiode island may have a thin layer of conductive transparent material such
as indium tin oxide (ITO) disposed across the upper surface 133 of the photodiode.
The layer of ITO is not shown in the Figures, in order to simplify the illustration of
the device. The preferred thickness of the photodiode island 126 is in the range of
about 0.5um to about 2.5um.

As with conductive layer 120, the layers making up photodiode island
126 are initially deposited substantially uniformly across the substrate 105, and the
gate electrodes 122 and bottom electrodes 124 situated thereon. The photodiode
islands are then formed by etching through silicon layers 132, 130, 128, to expose the
gate electrode 122, with the island being formed (see Figure 1B) over all but a small

contact portion 123 of bottom electrode 124,




The layer of ITOis not shown in the Figures, in order to sStApTPR29%e
illustration of the device. The preferred thickness of the photodi ode
island 126 is in the range of about 0.5mto about 2.5m As with conductive

_layer 120, the layers nmaki ng up photodi ode island 126 are initially
deposited substantially uniformy across the substrate- 105, and the gate

el ectrodes 122 and bottom el ectrodes 124 situated thereon. The phot odi ode

i slands are then forned by etching through silicon |ayers 132, 130, 128, to
expose the gate electrode 122, with the island being forned (see Figure

I B) . over all but a small contact portion 123 of bottom el ectrode 124. -6 3

February 2005 In thé fheguesnt innereivn] tie,ctdHive @ﬁﬁ@?ggkiogﬂ‘ggé E}.q%‘g%%ﬁ@géligi

i sl and nater) i_,s .done,so, as,to render the pho
subst ant i ggle P{)/I?év & talg 9 eRder ghephotadiods idewatls d(%ﬁe‘dllbattanféailyavgﬁmlm@_etgh r espect
to substr dbsably digssed @ba0hn@bin A30dP 1o B W0 ASITEERY 1085 oS,

practicabl e within econom c and technol ogi cal constrai
especi al | §PWeSP degreesians is pucksabibsvieithin tadndsic hnd tebhdleadtdlGondiraifast a

ti t : j ' [ tically. Thi b hi db
BT eacti ve ranlbCles R B MR RN'12, b o e Rinib capt +garogn seeni 30 Scom

at 1.6 W ementethsulbBnB&lMrzticalbnd Tais @aﬁ%@%ﬁfe@e@%yaabﬁégﬂfe?%ﬁ tﬁﬁiégﬁ ?eﬁfout

80 niforr. ractical fte it is extrenely dif
et chi ng ?@%?8?8‘&@4? WffB%%bPéffFrl &Y senmpyPRsedny, afd it Weath® middBss6 MH34 on t he
photodiodaKMﬁh@ﬁanggﬁamﬁﬁg@jgﬂ@nqggmﬁﬁ%@%; ted Table | bel ow provide

0

exanpl es of contour and orientation portrons of the sidewalls 134 that
are reasonably attainable with a 1.5 micron thick diode island using the
reactive ion etchi mf afprediisabretentit imverdiay diffioslt wiet tiveadt dohigf Si dewal |

134 resulstd t hi;S:..pr S determ ne artly by the slope of the
BRI Bl S50 udETER i e ol ativgt +est o

pat t er ni ng photoresist;

pattern debi n€iguron hsi deoeiasd Tiaé It b&owesboide | SaRPlesCXE 8§V ELYA
C_r oss-11 rt‘)lﬁ%gtaggrrl 'of 80151'053 of the sidewalls 134 that are reasonably attainable with a 1.5
micron thick diode island using the reactive ion etching of the present invention. The
verﬁcalify of sidewall 134 resulting from this' process is determined partly by the
slope of the patterning photoresist; the post-bake of the resist required after resist
pattern delineation is done so that the resist is not excessively cross-linked during RIE

(which may make the resist to difficult to remove subsequent to RIE) and tends to

make the resist profile less vertical.




. (which may make the resist to difficult to remove subsequert PR Pand
- tends to nmke the resist profile less vertical. 3 February 2005 TABLEI
(1.5 mcron thickness diode island) RTEbottom slope S 1m ddle sl ope

. S2extent of mddle top slope S3 region E (approx. Pressure (nil)(approx.
"deg) (approx. deg)microns) (approx. deg) 100759000.37 to 0.67770 80800850 to
9000. 37770 6076no middl e regi onno niddl e regi on67 50750n0 mi ddl e regi onno
m ddl e regi on640 It .can be seen from Table | that the use of pressures

1 ower then about 80 mlorr yield a sidewall having no substantially
vertical portion, but only a sloping sidewall which decreases in steepness

fromthe lower (Si) to the upper (SABEBRH. In contrast, the use of a
pressure of 80-100 nilorr p¢lotiméesn diickineisalicidilas® section S2  of the
sidewal | which is substantially vertical, that is, oriented on the order of

850-900 to.the substrate surface (referrlng to the di rection of

perpendi cul ar g ort hogﬂg}@hopggl thﬁd&eﬁfﬁdﬁ reglon‘@‘é gﬂ%zt rat%t’f%opl t can

further be se@Reddtpt, Abpplok@ed)i ghelapd t(ap N %‘ﬁ:’)ernedi ate
iter portion

section S2 is wore verticado orthogonzg0 and extg:gl/q oQver a reater
of the height of the sidewall, than does the internediate seftfion S2

formed usi ng 8@? nmlorr as 8ie R E pressyse. Fol | oygng the forpgmtion of the
phot odi ode 126% the thin 74l m t r anshigdioegion( TREmiddepgsi t i on ap3el patterning
is perforned, %?s illustraf®d in Fhguiddsedio® amdmBidle 2gon and D;e8C and D.

Commonly, in a plasma-enhanced chem cal vapor deposition

It can be seen from Table I that the use of pressures lower then about

80 mTorr yield a sidewall having no substantially vertical portion, but only a sloping

sidewall which decreases in steepness from the lower (S1) to the upper (S3) end. In

contrast, the use of a pressure of 80-100 mTorr produces an intermediate section S2

of the sidewall which is substantially vertical, that is, oriented on the order of 859-900

to the substrate surface (referring to the direction of perpendicular or orthégonal to

the surface of the substrate. It can further be seen that, at the higher 100 mTorr

' pressure, the intermediate section S2 is more vertical/orthogonal and extends over a
greater portion of the height of the sidewall, than does the intermediate section S2

formed using 80 mTorr as the RIE pressure.

Following the formation of the photodiode 126, the thin film transistor
(TFT) deposition and patterning is performed, as illustrated in Figures 1C and D; 2C
and D; 3C and D. Commonly, in a plasma-enhanced chemical vapor deposition
(PECVD) process, multiple layers of material are deposited that are then patterned fo
provide the desired component structure on the array. For example, a gate dielectric
layer 136 is deposited first, which layer typically comprises one or more layers of
silicon nitride, silicon oxide, or combinations thereof, and is deposited at a thickness

in the range of about 0.1-0.5 microns.

Additionally, materials 138 to form thin film transistor (TFT) 175
(Flgure ID) are deposited in the PECVD process. The TFT 138 commonly comprises
an mverted-stz_iggered TFT, having two PECVD silicon layers (see Figure 2C), a first

-8-




(PECVD) process, multiple layers of material are deposi ted3fFﬁ%rtuara’r2e)O§hen
patterned to provide the desired conponent structure on the array. For
exanple, a gate dielectric layer 136 is deposited first, which |ayer
typically conprises one or nore layers of silicon nitride, silicon oxide,
or conbi nations thereof, and is deposited at a thickness in the range of
about 0.1-0.5 mcrons. Additionally, materials 138 to formthin film
transistor (TFT) 175 (Figure ID) are deposited in the PECVD process. The.
TFT 138 commonly conprises an inverted-staggered TFT, having two PECVD
silicon layers (see Figure 2C), a first -8 3 February 2005 | ayer 140 of
whi ch is ldytr i47sdfovldemisaieiasic Sidot@as §1llcc§l@31)nin% thiskedso8Bsht 0aheyt 0.1 pm
to 0.3pm The second or top |ayer 142 of TFT 138 commonly conpri ses

n+- doped Sl031(1m+T@ﬁ)se@hd@rtdmlwméé%of'@gﬁ 188 aomustbolytcobprisen nH- db;léd@ure 2C,

| ayer 138 |s 3 ﬁ Eﬁer e p ttern| ng step descri bed bel ow. is known
in the ar 3 ehpAhigkaess leé%l pagout Vel IhBig W?yeéfl Sﬂiﬁhoé%@aﬂ%re Mb or

3 | T 138. As
may Oﬂfe'&ﬁ@}mry E@pfd%c%gd E'lohheAE(?sp wngl‘E proceSS %%P‘ ext step

is the case in the nown stan reduce
_| s t o f or ly@FRMOFEDwng b fdsexkale, MG o €5 endyi (g]ImOBally lﬁé)foaheaﬂes ltrree:dp bbcat i ons,

renmovijn 0 FT-silicon material fromother areas on the
i ﬂazr"@%i’?&ffﬁw ial sili ial" and the |ike

. p| er 110 "TFT material silicon materi al
refer to the sem conductive portion of the TFT, illustrated in the Figures
general |y as item 188is i @ss @l @etliineen stinbasd *ddﬁélﬂi iﬁﬁél@édtaﬂmd’eﬁmﬂeﬁ' i's
typically achi eyed u3|ng an_et ching procedure. he process of the
present i MEHEP 510 form 'SEEAREH ilgndst 184, 146 @%ﬁ@%@é@)%d%e@ cpérsvley the TFT

material fhRM gnﬁe H%qu?t&gt[@ﬁ“ i1 3R tmdSrial Ff?orn?l) h%l artegs[ 3 l?t?e%%%lel)loplﬂqar

surfaces of th to avord renovin a portion
of, the TlE?délﬁdelméWF'ﬂfanz&cmzdlsﬂlcdnmmmﬂ anl thdﬂﬁksudsfsﬁ @nheé aérhxy:ondeucnvs:al

oL TG St a5 RO PP iR G i R ER
TFT 51110011 material removal is typically achieved using an etching procedure. In the
process of the present invention, this etching step is conducted so as to remove the
TFT material from the horizontal (that is, paraﬂel to substrate) planar surfaces of the
pixel, but to avoid removing, or to remove only a portion of, the TFT silicon material
- disposed on the substantially vertical sidewall portions 134, of the photodiode 126, so
as to form a spacer (or belt) 150 forming a belt-like layer of silicon around the

* photodiode body sidewalls.

In order to accomplish this, a reactive ion etch, or dry etch is
employed, using, for example, 5 SF/HCI 20 sccm/30 scem etchant, at 1.1 W/em?® and
13.56 MHz, with a pressure of about 100 mTorr. The etching is performed to an
emission end;ﬁoint, for example, based on a Si line at 288 nm, plus a few minutes
(typically determined empirically), generally about one to three minutes. If the
etching time is too short, residual silicon material remains along the gate steps or on
the field (other herizontal surfaces) of the array, leading to inter-pixel leakage. If the
etching time is too long, the underlying gate dielectric material can be etched away,
which can also cause leakage in the array, and prolonged etching can also result in

-etching away of the silicon material that forms field plate (or belt spacer) 150.




phot odi ode body sidewalls. In order to acconplish this, a résEPPRZI%n
etch, or dry etch is enployed, using, for exanple, a SFJ/HCl120 sccni 30
sccmetchant, at 1.1 WcnR and 13.56 MHz, with a pressure of about 100
..mlorr. The etchlng is performed to an emission endpoint, for exanple,
based on a Si-line at 288 rim plus a few minutes (typically deternined
cempirically), generally about one to three minutes. If the etching tine is
too short, residual silicon material remains along the gate steps or on

the field (other horizontal surfaces) of the array, |eading to inter-pixel
| eakage. If the etching tine is too |long, the underlying gate dielectric
material can be et cA&d eiwliyng mmhkbh:@anhﬁﬁﬁahedﬂﬁésﬂ&@h&gﬁwhm.bhmgarray

~and prol t | ¢ hi f_the sil
i or 1 ol HACVRdrott ty e baRon i Uit vilader i Bnc! eri SE‘?‘%/ (2605 Thi s

et chi ng pregeguss) 186 Wrt e TF1 @ﬁlcthﬁbﬂxazcge dﬁamﬁlrﬂéteé?ﬁw upefRved from
the desired horizontal surfaces whi leaving intact the field plate (or

bel t spac®eymeip opthe photadiqdesiq, @urthmti@tanaﬂalh( ivertica]l sideveallSi 1 3deafetheal )

d th di t bst | tical
ot ound,  "SuaBRUTRLS! Bl LG RBRAES IR Bl pR BRI BT o2
etch of f tineriapjiein mmﬁm pﬁmodmaaﬁde@laué r1om) advethvethé Ger RBGIIRGH Ode

sidewal | s 134, g&g g(?ela er of silicon formng field plate 150

typi cal | y fBHR fields Pain §°Q fpically comnprises anly thenieSii perfipaiqfythe dawily t ed TFT
mat eri al , &y metre u a si dewal | s
of phot od| %}%’es body 11'51%1@&??18%&?2@#3&%%@&& 31'1‘ gl éocn{&?llh(?:usl g&g?%fggetlhg di sposed
bet ween f sidpwalfsl (EfméolDE@ldahdd}t H26. Silaepntd dleatfode Hielgphiat Iayhrddé 1s1_¢2i§post:dhus

| t | 0 | | at ed
from at oabetal bl Pt 1ioh & o, S Con TR Lo, e Jsiemantbe  nvent | on
can be f osifiesh ofrﬂ’lﬁdfp&ltdf(ﬁrls e@flﬁle@écﬁld%llﬁlti@lzﬁélf B8l dio®&PRIK b haQnon the

sidewal | of photodiode 126 is made possible by the order “of steps enployed
in a reduB¥ed dgdgstrucire pf B pesentiipyepiien ?@Lheafpﬂﬂ%cause the photodi ode is
' forrred prior to formng the TFT

| The formation of field plate (or belt spacer) 150 on the sidewall of
photodiode 126 is made possible by the order of steps employed in a reduced mask
- set process, in particular, because the photodiode is formed prior to forming the TFT

islands in the reduced mask set process.

Subsequent to the formation of the TFT/FET islands 144, 146 and field
plate (or belt spacer) 150, the device fabrication process continues by forming vias
152 in the gate dielectric layer, followed by the deposition and patterning of a
source/drain metal layer (source/drain metal refers to the common material used to
form both the source and drain electrodes in the TFT), which is patfémed to form
common electrode lines 154 and other 60ntacts 155 (that comprise, for example, the
source and drain electrodes of the TFT and the readout line coupled to the TFT. The
source/drain metal layer typically is a conductive material such as molybdenum,

‘chromium, or the like,

As seen in Figure 2D, the common electrode lines 154 overlap the
sidewalls of the photodiode islands at regions in the vicinity of TFT island structures
_144. In operation, the common electrodes are generally held at a fixed potential.

Since the common electrode 154 contacts the a-Si material of field plate (or belt
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islands in the reduced mask set process. Subsequent to t he fSPHER %t the
TFT/ FET islands 144, 146 and field plate (or belt spacer) 150, the device
fabri.cation process continues by formng vias 152 in the gate dielectric
-.layer, followed by the deposition and patterning of a source/drain netal

| ayer (source/drain netal refers to the comon material used to formboth
the source and drain electrodes in the TFT), which is patterned to form
comon el ectrode |ines 154 and ot her contacts 155 (that conprise, for
exanple, the source and drain electrodes of the TFT and the readout |ine
coupled to the TFT. The source/drain metal |ayer typically is a conductive
materi al SBEHETALOnBhishdesighly cendusiyas the slicontie belf kﬁ{ chasgesaprio the Haggur e 2D,

| ST ando s TAECHAGE ceiRaR, JBE Bl MR hiNGiach bTHE L itre J36 GBS B °°
oper at i on,a tréducticgnimpedated,r oflasvasee bien&aRidey el dhatpiatddisRd 1pet enti al .
contacts the a-Si material of field plate

Si nce the S opmon el.g trode 15 - ] ) |

(or belt -“HHNSTRQLE! &WOW BRAEOdE is megstivelibdased, ¢s ds therpaps wilbmdiet | ve, the
silicon i nyheptotcdadlics o1S] h I i I rade. The
electric field ;t)r oviedg%15 by??tﬁign %a?gl}sij%p%?? Ii%gw% 2?0??@% &g%g{eegﬁ%ti on, in
oper at i on,ofdke fieldearate 15D sdichr akedeyinl fis opgative witiotesplico ke tHk2fore pasitiveer mor e,

if the co Al irS: ' . biased, .as he case with p/i/n-

type phot SARET U ot BiskF 32k ML Fetb AT R ueaRR R TegtpdEiSe8lovgef ¢ hen

t he pot entfomis inothe tsfieeohi fl sblipdpate 1590 Thisi GaticALRAIREnA iMeSatd 42 W th
potential of the body of diode 126 and a

respect to the nore posjitive
hi ghl'y coﬁexﬂfﬂ’ﬂlw ?féﬁe %lh%ﬂﬂmf'éqid Blate danciyeihs fieldnmte dipde sislewrlli con of bel t
spacer 150. This situation significantly increases the conductivity of the
pr ocoss L'ﬁf' i 1 onoy e BRCRRLe FA S nferhl S e bR of e ey
i sl ands 14FT/FEAG isldnds 1df.el4fothat evenedciversioinr sevaydrain metahl . THihisgpst ep
removes the n+-Si layer and a small amount of the underlying i-Si layer, so that about
§0 nm to about 100 nm of the n+-Si and i-Si are removed in total; the purpose of this
removal is to create a functioning TFT, as is known in the art, Reactive ion etching is
the preferred procedure because the material is etched substantially orthogonally to
the surface, and thus will not remove, or will remove only a slight amount of, the
spacer material 150 along the sidewall 134 of the photodiode. The reactive ion etch
may preferably employ SF¢ and HCI, as in prior etching steps. If desired or
necessary, an additional photoresist masking layer (not shown) can be used at this
step to protect the field plate (or belt spacer) 150 material on the diode sidewalls
while allowing the n+ layer 142 to be removed from the FET channel 170. The
photoresist masking layer is disposed over the array with respective pixel apertures

disposed to allow the etching of the silicon material in the channel regions 170.

The imager is then completed by the deposition of a barrier layer 160
(Figures 4 and 5), which passivates the surface of the TFT/FET islands 144, 146, and
seals the exposed surfaces of the entire device. The barrier layer is preferably aboutl
0.5 pm to about 2.0 pm in thickness, and may preférab'ly comprise SiO, SiN_, or
combinations thereof. Figure 11 shows a plan view of the imager arralleO with
respective photoresist TFT apertures 165 over the TFT regions to allow etching of the
channel 170,
| -11-




renmoves the n+-Si |ayer and a small anmount of the underlyi a&ebmw%é);ﬁer, SO
that about 50 nmto about 100 nm of the n+-Si and 1-Si are renoved in
“total; the purpose of this renoval is to create a functioning TFT, as is
known-in the art, Reactive ion-etching is the preferred procedure because
the material is etched substantially orthogonally to the surface, and thus
wll not renmove, or will renove only a slight amount of, the spacer
mat eri al- 150 al ong the sidewall 1.34 of the photodi ode. The reactive ion
etch may preferably enploy SF6 and HC, as in prior etching steps. If
desired or necessary, an additional photoresist nmasking layer (not shown)
can be used at t hi sFigatasg, tfoandrbilbstratt he aftemktvptmabadifont dittht pspader) 150

[ low ng the n+ | a

material on the diode sidewalls il I er 142 to be
Femoved f 1D Hepked aniiine Snti Shofiiobrty oBE St g e

di sposed Q¥@YFETNRIaAES 244,046 Nark QSIRET ForMeR] XBhendRRl [sﬂo%aith@grm%? ggt o all ow
the etchi g%ﬂof the silicon material in the channel” regions 170. The i mager

i s then cémndeddddymigalbnie patgsned suchrihaiftheistand reraping agpand thesgeringéropfr es 4 and
5), which i h I f ot FI/FET i sl ands 144 4 and

seal s thett%i%%g%(igﬁ%?#a?‘é%ﬁg%%ﬁ%&eﬁ pr%e%dae;Siugge.r F\réarl)sﬁFf%‘fee%ﬁlggglP IS

pr ef er abl phatbdiude, wificls has the hpaudl 2at@ divlédri¢ hiatdtaeI36 Rposirathaeat er abl y
conpri seni' 0O, &i N,,, .Or \,&conbi na,éi ons thereof. Figure %1 shows_a pl an view
of the i migEOv Hayf Rk epTrases R BRYPROBpRoPGIeBE Y oEtheabeiodindes 165
over .t he 7¥dtd LErARSIdePec@hbR¥BLiE BisH Fesis i BwidePBPMH kgiélfagrfgth c{»ﬁig% as jFebruary

. 2005 Figures 6, 7 and 8 illustrate an alternative e e present
i nvent i onMmaprigdteced aphasidegald fighidplate (ohbeblspadeog? Aptoypiomidettbe ghep i n whi ch

the TFT/ i S 4 46, .are initi for . usi,n

phot ol 1 ¢ niges AR AR 45 Eupgied oo it SRR M LB TN sl e ¢ e

i sl and r epmiioas amboditheht)ehdpede oBsidiolthogrighy mbatadh adee 2A6biomethbappi ng
(see Figu r .pl anar surface 248 of the photodi ode, which has

(e M U i e SRS i B e sl :
yer lopfeaymgdhypianaensliod thasidsval 236 deposited t hereon.

Figure 10 is a graph which shows experimental data, obtained in
connection with the development of an experirﬁental gated diode structure of the
| present invention, evidencing a decrease in reverse bias leakage in a device having a
field plate (or belt) 150 extending along the sidewall of the photodiode. In the gated
diode device used in generating the data presented in Figure 10, the gate electrode
material employed was indium tin oxide (ITO), and the gate dielectric was silicon
nitride, at a thickness of about 0.1 micron. The device was constructed so that a
separate bias could be applied to the gate. In the invention the gate electrode is
electrically connected to the bias electrode. Without the gate (V, about 0V) the
leakage current in the experimental example would be about 10° A. With the gaté
tied to V,;,, about -8V, the leakage would be about 10 A (i.e., = Vi = -8V).

gate

It will be apparent to those skilled in the art that, while the invention
has been illustrated and described herein ih accordance with the patent statuteé,
mddiﬁcations and changes may be made in the disclosed embodiments withbut
departing from the true spirit and scope of the invention. It is, therefore, to be
understood that the appended claims are intended to cover all such modifications and -

changes as fall within the true spirit of the invention.
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This overlap of material decreases the photoresponse or seﬁgiPTﬁﬁﬁ%xﬁf t he
phot odi ode 226 to a certain degree, however, it also results in a w der or
thi.cker layer of the a-Si material to act as the sidewall field plate (or
..helt spacer) 250 to provide the gated diode structure. As conpared with
‘the use of RIE to etch the TFT/FET islands in the previous enbodi nent, the
.use of photolithography provides a nore reliable nmethod for leaving the S
‘material,_on the sidewall. Figure 10 is a graph which shows experi nmental
data, obAARdd GLAIMEARCtion with the devel oprent of an experimental gat ed
di ode structure of the present invention, evidencing a decrease in reverse
bi as | eakageli n aAdelid setehiaageromprisingt d pl ate (or belt) 150 extending
~along the sidewal | f t he.phot odi ode. . In the gated  k di ode deyice used in
generating the da?B“ﬁql’é%Bfﬁlé’g"%eﬂsqflp&? C} Ryxglaray <2ch 8 %m‘?rrat eri al

enpl oy ephdbeRnid? il ddnhrRydgde (1 TO, and the gate dielectric was silicon
nitride, at a thickness of about 0.1 mcron. The device was constructed so
that a separate dpadodiods bpviveg agigt well, sanl sidvovajldiaving angathidielentrient i on t he
gate elﬁ§ 9% i eleptrically connected to the bias el ectrode. Wthout
the gatée %V%IJB QITﬁE e |eakage current in the experinental exanple

woul d be about 10dﬂelAK1éﬂ! HRpdRe afhe sailli ﬁéltoai@dé/lao&gs sﬁHQ}&d pid¥ the | eakage
woul d be about 10-12 e., Vae—Vg 8V). It will be apparent to

t hose s$QUEHNG qmorpmlwitcm Hssposemﬁm seidrasée diepetricilaer, shisfidbdplats | | ust r at ed
and des, &éﬁﬁ%ﬂﬁﬁ%ﬁﬁt&ifg@oﬁ%ﬁ#ﬁg %gg}“%lgg dfew%!ﬂ%?%aﬁn@tﬁ{l%toaﬁt ﬁt es, modifications

and changes %out departing
fromthe true spirit and scope of the invention. It is, therefore, to be
under st ood t hat tql appended cl ains .are intended to cover all such

modi fi cati ons_and® & igager gf Claplnwhereinsaidipagedivther compripRs 4 nvent i on.
-12 3 ReRIHA! é’le&%, MRl %Ia%ﬁézh@@sbéed Tn eSOl IStk Eh b WBRGH ofOMPr I sing:

said common electrode.

3. A solid state imager as recited in Claim 1 or 2, wherein said photodiode
sidewall is disposed substantially perpendicular w1th respect to a surface of a substrate on

which said pixel array is disposed.

4. A solid state imager as recited in Claim 1, 2 or 3 wherein said field plate is

disposed over the substantially perpendicular portion of said photodiode sidewall.

5. A solid state imager as recited in any one of the preceding Claims wherein
said amorphous silicon material of said field plate extends over said photodiode sidewall

and at least a portion of the upper surface of said photodiode body.

6. A solid state imager as recited in any of the preceding Claims, wherein

said photodiode is selected from the group consisting of p-I-n diodes and n-I-p diodes.
7. A method of fabricating an imager array having a plurality of pixels, each
pixel comprising a respective pixel thin film transistor and a photosensor, the method

comprising, for each respective pixel, the steps of:
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a plurality of photosensor pixels arranged in a pixel array FBRER %4 d
phot osensor pi xels conprising: a photodi ode having a side wall, said
sidewal | having a gate dielectric |ayer disposed thereon; and a field
.plate di sposed around sai d photodi ode body, said field plate conprising
anor phous silicon disposed on said gate dielectric layer, said field plate
extendi ng substantially conpletely around said sidewall of said photodi ode.
- 2. The said state inmager of Caiml wherein said inmager further conprises a
common. el ectrode, said field plate being disposed in electrical contact
with a portion of said common electrode. 3. A solid state inager as
recited in Caim1l ofeppsitiggadustsoadichvy kyeiow d8dstdtidewal | i s di sposed
substantially perpendicular with respect to a surface of a substrate on

whi ch said pixel arr b i sgldid st I Lted in
Caim1l, 2 or 3 mherg¥wI§%?J%$?§ Oﬁﬁggémig |sggég&hg€g§£f%§d&ﬁﬁé
subst ant i alldygr;per pendi cul ar portion of said photodi ode sidewall. 5. A solid

state imager as recited in any one of the preceding C ains wherein said
anor phous silicon materi al o% %aid qu%g_ Iats exteEgs.over.sq%ggﬁgotodiode
sidewal | and at | eaSY™HEdMPERGE" PH GBB%%E Sy #atedstot Pediog Yh¥tddi ode
body. 6. Aphébicistbatiemiclsagsde, 96d pREbégor HbdMyvig stdbRalkr ecedi ng C ai s,
wherein said photodiode is selected fromthe group consisting of p-I-n
diodes and n-I1-p diodes. 7. A ne%hod of fabricating an inmager array having
a plurality of pixel €Pogtenh2 eye srtredsifipleatrindpvar ot paid phetesesrordiodyhi n il m
transi stor and a photosensor, the nethod conprising, for each respective

pi xel , the steps of fohﬁfﬁg%_lgﬁ?ro'ﬂﬁﬁbﬂ pﬁ&@%oﬂ?ﬁ%é%ﬁﬁn@&ah?uﬂiﬁ e&gﬂd&%five

| ayer on a substrate; formng a phot'osenso tomelectro rom said
first condapvitwe of said gate dielectric layer covering said sidewall of said photosensor body

and extending completely around said photosensor body; and

forming a common electrode in electrical contact with said field plate.

8. The method of Claim 7, wherein the step of forming said common

electrode further comprises:
depositing a source/drain conductive material;

patterning said source/drain conductive material to form said common
electrode and to forin a source electrode and a drain electrode for a thin film transistor

(TFT) for each of said pixels.

9. The method of Claim 7 or 8, further comprising the step of forming an
island of TFT material following deposition of said gate electrode dielectric layer,

* comprising the steps of:

depositing a first layer of intrinsic amorphous silicon over substantially

an entire exposed surface of said gate dielectric materiél;

depositing a second layer of n+-doped amorphous silicon material over

~ said layer of intrinsic amorphous silicon; and
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| ayer; forming a photosensor body disposed on at |east 'a porP8W Wsaid
. phot osensor bottom el ectrode, said photosensor body having sidewalls;
. depositing a gate electrode dielectric |ayer over said photosensor body;
~formng a layer of field plate conprising anorphous silicon on at least a
portion of said gate dielectric |layer covering said sidewall of said
phot osensor body and extendi ng conpl etely around said photosensor body;
and formng a conmon el ectrode in electrical contact with said field plate.
8. The method of Caim7, wherein the step of form ng said common

el ectrode further coppkihsesid FSPARS {dcit Byaous E@Js%ﬁ&g/r fengHI)tégs%ideﬁfst

material; patterning said source/drain co ctive nmat ormsaid
comon el aed sasded kyerstfont pradetasinad pertiehe of saidigataditlatrity yer dibeséd ode for

athin filmtransistor TFT) for .each. of said pixels. . h t hod of
G a7 or b BRI eP st Seri o R et Fis ity sl TR PpRIEare TR T
material fol bowrdgngeneSuith@nle@fing dh€lcOat Raf! £GbRBAC iR TGt laGed BV -
conprising the steps of: depositing a first layer of intrinsic”anorphous
si i con ovaRoRhestsainonanisyid sidewal ol pad phesosseeprdodif.ace of said gate
~dielectric material; depositing a second | ayer of n+-doped anorphous

silicon material ove L o, hipve. Lt rnsi u ilicon; and -14 3
February 2005 etchi nglsz?%q}ei rst5fa§i(c§mge@ég}r?g%ugflagﬁrg&?gh%s%%pzféﬁp?%efIay renove
sai d firstreadivd igeetolnd | ayers from predeterni ned portions of said gate

dielectric layer disposed so as to |eave said first and second layers in
~ selected area where sai.d TFT. i sl s are ,to.be.present, and further
~ leaving intact at Ieigstﬂg rB%tP?$8ﬁﬁga|‘mglaQi’ & hFrie’r“sﬁa‘qO%@WedPn e employs

o an etchant of SF, or HCL '

12. The method of Claim 11, wherein said reactive ion etch includes
etching with 20 scem/30 scem mixture of SF, or HCL, at 1.1 W/em? and 13.56MHz, a
- pressure of about 100 mTorr, wherein the etching is conducted at an emission

endpoint of silicon, plus about one to three minutes so as to form said field plate.

13. The method of Claim 9, wherein said etching step is carried out

using photolithography.

14.  The method of any of Claims 7 to 13, wherein the step of forming said
photosensor body further comprises forming a substantially orthogonal side wall portion,

. comprising the steps of:

depositing substantially uniform layers of, in succession, an n+-doped
amorphous silicon, an intrinsic amorphous silicon, and a p+-doped amorphous silicon,
and etching said layers at predetermined locations using a reactive ion etch employing
a 20 scém/BO scem mixture of SF/HCI, at 1.6W/cm?, and 13.56 MHz, at a pressure
between about 80 mTorr and 100 mTorr, to form a photodiode _haﬁng said

substantially vertical sidewall portion extending completely around said photodiode.
15. A radiation imager comprising:

a substrate;
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amor phous silicon on said sidewal| of said photosensor bodyFe8ary¥@i95 et hod
of Claim9, wherein said etching step conprises a reactive ion etch. 11.

" The-nethod of Caim 10, wherein said reactive ion etch enploys an etchant
..of SF6 or HCl. 12. The nmethod of Claim 11, wherein said reactive ion etch
includes etching with 20 sccm 30 sccm m xture of SF6 or HCl, at 1.1 Wcn¥
and 13.56MHz, a pressure of about 100 mforr, wherein the etching is
~conducted at an eni ssion endpoint of silicon, plus about one to three
mnutes so as to formsaid field plate. 13. The nethod of Caim9, wherein

i hi [ i USi h lith hy. 14. Th h f
S g ST Lo SRl R SR B DR St oL Mg oy
further comaipriskg af;%rmiﬂsr%fp&eﬁsya;%h%m;ii@bixms%fng%@[{}@é %0'3& g8kl pgr tion,
-conprising the steps of: g(ggosml ng substantially ‘uni ormPayers of, in

successi orflatalnensacy opeadd pixalsfpin sompiisicmyn, an i ntrinsic anor phous silicon,
and a p+-doped anorphous silicon, and etching said |ayers at predeterm ned

| ocations using a’ i i . oying,a 20 sccnl 30 sccm m xture of
SF6/ HClI, at 1.6W cng,%ﬁéltlﬁ %féﬁg’é‘%ﬁ?&% Ithay%q‘r“%él%ure bet ween about 80 milorr
and 100 niTorr, to form a photodi ode having said substantially vertical

si dewal | portion exténdifirg trosipbetTTY, said AHThegi deqhaiindionged tdsid A

radi ation j er, compr.i,si ng.. a substrate; -15 3 February 2005 a phot osensor
array di S_Ig:f)lé%glogﬁa 4d servskneadg gﬁiaa{"ae hot @s"é‘ﬁglérse&ﬁ"é%/waé@#ﬁ}fi? $ng a
plurality chdrgpbXRldphotsiiddedf sai d pixels being coupled to a scan line and a
data line, each of said pixels further conprising: :

a common clectrode disposed in electrical contact with said

photodiodes; and

_ a field belt comprising amorphous silicon disposed around said
photodiode sidewalls with a dielectric material being disposed between said field
plate and said photodiode body; said field belt being in electrical contact. with said
common electrode 50 as to provide an electric field around said photodiode body in

correspondence with the potential of said common electrode.

16. The radiation imager of claim 15 wherein said common electrode,
at points where it is disposed over the sidewails of said photodiode bodies, is
disposed over respective TFT islands, said TFT islands comprising silicon materials

 used in the TFT fabrication process.

17.  The radiation 'imager of Claim 15 or 16 wherein said photodiode body
sidewalls over which said field plate extends comprise a portion that is substantially

Verj:ical to the surface of said substrate.

18. The radiation imagér of claim 17 wherein said substantially
vertical sidewalls are disposed at an angle between about 85 and about 90 degrees

with respect to the surface of said substrate.

19.  The radiation imager of any one of Claims 15 to 18, wherein said

| photodiode is selected from the group consisting of p-I-n diodes and n-i-p diodes.
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a phot odi ode having a body with sidewalls: a thin film traddFePaw PPeT)
said. TFT being electrically coupled to said photodi ode and said scan |ine
and-data line so as to enable sel ective readout of the charge of said

. phot odi ode; -a comon el ectrode di sposed in electrical contact with said
phot odi odes; and a field belt conprising anorphous silicon disposed around
- said photodiode sidewalls wwth a dielectric material being-di sposed

- between said field plate and said photodi ode body, said field belt being
in el ectri cal0conTheradiaion imeagdr@f awoenrrf (drises Foigd Sswheseinsaidgieli de an

electrig,field around said t odi ode b in _correspondenc ith the

ot ent | B Rl AR B 2 ot aF P TR RIEE RS b o 15
wher ei nsigigbl a6@ obMbingli@ttithaesf, at points where it is disposed over the
sidewal | s of said photodi ode bodies, is disposed over respective TFT

i slands, said TFT islands conprising silicon materials wused in the TFT
fabrication process. 17. The radiation imager of Caim 15 or 16 wherein
sai d phot odi ode body sidewalls over which said field plate extends
conprise a portion that is substantially vertical to the surface of said
substrate. 18. The radiation imager of claim17 wherein said substantially
vertical sidewalls are disposed at an angl e between about 85 and about 90
degrees with respect to the surface of said substrate. 19. The radiation
i mager of any one of Clains 15 to 18, wherein said photodiode is selected
fromthe group consisting of p-I-n diodes and n-i-p diodes. -16 3 February
2005 20. The radiation imager of any one of Clains 15 to 19 wherein said
field plate conprises silicon selected fromthe group of intrinsic

anor phous silicon, n+ doped
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silicon, and conbinations thereof. 3 February 2005 SOLI D STAPRIUPRIGSR
HAVI NG GATED PHOTCODI ODES AND METHOD FOR MAKI NG SAME ABSTRACT A solid state
. imager is provided that conprises an imaging array of gated photodi odes.
~-The imager conprises a plurality of photosensor pixels arranged in a pixel
array, -and each of the photosensor pixels includes a photodi ode having a
sidewal |, the sidewall having a gate dielectric |ayer disposed thereon, and
a field plate disposed around the phot odi ode body. The field plate

conpri ses anorphous silicon disposed on the gate dielectric |ayer and
ext-ends substantially conpletely around the sidewall of said photodi ode.
The field plate is el ecSOLRBISTATIODINMASGER BAMINGQARER el ectrode of the

photodi ode. bedy i n coPFREEoRRURES AN A FROBEARAARRYS Cai acommon
el ectrode. A nethod of fabricating §hrfmated photodi ode array is al so
provided. Figure 1

ABSTRACT

. A solid state imager is provided that comprises an imaging array of
gated photodiodes. The imager comprises a plurality of photosensor pixels arranged
in a pixel array, and each of the photosensor pixels includes a photodiode having a
sidewall, the sidewall having a gate dielectric layer disposed thereon, and a field plate

| disposed around the photodiode body. The field plate comprises amorphous sificon
disposed on the gate dielectric layer and extends substantially cdmpletely around the
sidewall of said photodiode. The field plate is electrically coupled to the common
electrode of the imaging array so that the field plate creates an electric field around
the photodiode body in correspondence with the potential of said common electrode.

A method of fabricating the gated photodiode array is also provided.

" Figure 1
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