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 odg .rever bi as | 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 wi th subpgeant salGdveglidae hey, tHhe hra Nl ifdedigakage
(from photodi ode surfaces ststantié%iy ﬁaﬁgﬁﬁel F@%tﬁbqggﬁgﬁ?gﬁg). In

i mager deRyrgeant tocyuragsanber HNAIWBSHAYS iwatiedby thd Natipidtinditades in a
representat] | ically have approxi mately square di mensions_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
| eakage conponent; Thelsverhio hielewrpeomnesdllstodant hiddWbRd Shaehfdcadiixst 0 the

| eakage, thereh egradi ng the . :
| g anr(]i spemﬁcaqu(%o 1mager 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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_1_ 3 February 2005 performance of the imager. For exanpl e’ FEWUARF%gr aphi c
applications, the exposure tine (between read outs of the array) can be as
|l ong as two (2) seconds, and a photodi ode | eakage of even | pA will

- degrade performance significantly by saturation of the charge that the
phot odiode is able to collect, and by contributing to i mager noise and
offset drift associated with the | eakage current. The potential severity of

t he phot odi .probl i t. i .at ed,. it si dered
that the ProramEHoas Bhgd. PR LOuRAS in (BRBESEHD BHIMASR: she KGR
‘tenper at Ufifie (BEREBReRAOONS dﬂﬁm&ﬁ@%&awrﬁ QY8 dsOrhiPed) scdSnRI ah®d by
surroundi ng el ectroni c conponents. "Further, the imager "device may have on

t he or derplaftodiods IBilalse ofieyeh IxpA QL) dphraliopér@dmancodignificalilydbysaghatioar cent age
must not be leaky in order to avoid having an excessive nunber of bad

pi xel s. |ef the chatgertbatothe phetnidiadlelie abls toechlicet, rhéd byesaatdlmitivgds imagikrage of
the i mager .photodjodes to the. extent practicable, while avoiding an

i ncrease Mise 3¢ olfek drfhaseriated wpthdke tepkage curent. | neger fabri cation process,
and whil e avoi ding any degradation in performance or reliability. SUVMMARY

OF THE | NVENTI ON A ' . t of. th t | t.i th [
provided a solid gﬁg{gbgﬁggg?ggﬁﬁgg?gﬁ%8RQDSFﬁFae??%ng&%ﬁggdégggpr S{ge::
arranged ghrécied Yhen f'i‘t&i% %Mnsi?&@&‘t}ﬁf thte_}b‘ﬁo%ﬁdgﬁ gi\;&?%eﬁ'té(ﬁ{&r G109 N9 a

phot odi ode "having a side wall, the sidewa a gate dielectric |ayer

di sposed d¢dn@n&Omiasanel 22 tdm@irshuR! adrRevitias RRSeE roanoteRthetigre Pt arihegte body,
the field plate conprising anorphous silicon disposed on the gate

di el ect r i genkratadr by tshiorridengl elebtitrec extmpooenty Buthst,athei ialalger devipd etayl y ar ound
the sidewall of the photodiode. According to another aspect of the present

-i nvent i orfave garibe prleppboneiarllion (het Koo pbetodinges, oArThieh atighegentager ay
PR PP B 4R B i B A BSRERAL HP

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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conprising, for each respective pixel, the steps of. depos?9$#ﬁ$%¥%qoést
conductive layer -2 3 February 2005 on a substrate; form ng a photosensor
bottom el ectrode fromthe first conductive |layer; form ng a photosensor
body di sposed on at |east a portion of the photosensor bottom el ectrode,
t he phot osensor body having sidewalls; depositing a gate el ectrode

di el ic | h h dy; 1 ' I f. field pl
Compr si 115 @ NGRS eeig; £ SRoBRTR Palh “desyBhFi B b B liecthBel ot i ¢
| ) ! t .

compl e ol B4 R  BhRARcr Rty ISR bR AE A 5 PRt S RIS, ode i n

el ectri caotterndlagtoddl th phb@sdrsel bdy Il g AESRIN] ddpok@ingRoidheélcaridect of the
present invention, there is provided a radiation inager conprising: a

subst r at aticlectpb ddyes emsrathe photagendorspalye tbroring hdayes ob §icldaplate dolnpripingt osensor
array conprising a plurality of pixels, each of the pixels bein&@coupled
to a scarfmqrpiousnsilicongen At |lpask 2 rorten of thaealy diclestrqfavee covasigr isi ng: a

hot odi ode, hayi d it id |l s,. t hi ilmt i st TFT), th
T o bRl Pttt o 25 BBl bd AR LR Ferte ™
data |i . ' t th

data |} 10, 8 R0 B s aqur deafoH coffaotUt RTAEE Che |
phot odi odes; and a field belt conprising anorphous silicon disposed around

the photodi ode si dex@btdingMd dhothetl b§leBICHfIthe praREih@Antibe) theteds pRAERA bet ween
the field plate and the phot odi ode body, the field belt being in electrical

cont act i tdlidtioe meagepromipesingodesubsiras 4 ghptoswnsde aamy eligmised onf thel d ar ound
t he photodi ode body in correspondence with the potential of the comon
el ect r odsubBRIGEHRN ERYQTCGNFADFCOTMIE S IIRAMPNICH LY Hd Sk el Pagh RE ther piXElsr es,

gt L TN IR S W S .
£ SO B SRS TRAN R 8 s i s 51 Siace
electrically coupled to the photodiode 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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Figures IA-D are substantially schematic top plan views of 3gebmary2005

representative photosensor 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 I

A-D, respectively. 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. |ayer

deposi ted . XPOS surfaces of the photosensor pixel of the present
i nvention. é)"l\ﬂsglﬁé ge?"%rgzllcga tg‘?g%%‘:é:f’g’ﬁ?‘?yé’ilE (raxingsnif Viick fke ﬁ?fgfﬁn‘ﬁ eynehlsg

r epr esent adfemvie likphoimps@nEindwk&kini N accordance with a further enbodi nent .
of the present invention. Figure 7 is a substantially schematic

cross-sectional view taken along section line 7-7 in Figure 6. Figure 8 is
a substantial |y schEwdiesclérdsaesadstastially wehamatisk bop glangicweatfi en | i ne

-8-8 in Fi giorBeBatidd Tt |- Shi S“b‘ﬁ =1 chenatic cross-sectional view
of a -rep?égseﬁ; at| vg&%ﬁsgg%déis% 4 é%ﬁé SIE:[?lt %%%rgpﬂaag?he WRERES: HEPHPledent

i nvent i onpropigfinepra@si.s a graph presenting experinental data illustrating a

decrease in diode | eakage enploying a device in accordance with the present

invention. Figure 11 ] an_vi.e f,the imager array showing a plurality
of representative %fgé%%f 2Aglhcfr?/\f‘ftﬁ¥¥tngglbé§§‘!e%t_”gﬁ@f%?fé?élpg%l YIRS ke tures; -3
3 Febr uaralomhb nbled AbdtioR HRESERN IO b ragkati.qn | mager 100 (Figure 11)

fabricated in accordance wwth the present invention conprises a plurality

of gated photodi odes. The term"imager", as
| 1gures 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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used herein, refers to a solid state device that is adapted €8 a5s3P8
incident radiation of a particular 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 pi xel
110 is individually addressable by respective rows of scan |ines and
colums of data lines, the spatial distribution of radiation absorbed by
the array is also determ nable. The photosensor array is electrically
coupled to electrical <circuits (not shown) situated off of the substrate.

Those ci r DETAILEDIDESGRIPATONr ocess the electrical signals generated by the
-array. As an exanple, an array of such pixels nay be a |light imging array

(e.g., an array of photosensors ch._as photodj odes), and can_ be enpl oyed
as an x-ray | magerRtf TR aREE f&%(ﬁlﬁlﬁﬁtn? Fvgstted i ageordpngs with thg

sci nti || apREer Wlchtiors QSIS €8 pﬁlram%f@&t@h, hbBlio8, t'?heot@ﬂ'h‘@ﬁhag(ép‘)ta?ns when
the x-ray radiation (or other type o radlpatl on .belng detected) is
absor bed bsedthsecin gists tol aagobid)state Getiethphistadatitedi gsdbsab mswldntiedielion refers to

di od lies in _which.h band bel t) of i t terial
i Sposod o duriedd w248 hs AR Bhosiftoarabiad B BEN Bibidvide m
"field pl gérerate O clBRACH sigahieddricBpdndRipab il abso®bd effiaidhi ¥ BEnewn &l ectri cal

field around the di ode body so as to reduce electrical |eakage fromthe

si dewal | sth§fark Repierlycide inixeihareadispayed Then Beny haying enpatisrigEroweandmt eri al

di sposed ‘&*’(‘j&d J PROX isd; ] i i.C terl di sposed
- between the di dd}é@%gﬁiy&gﬁld t he 1@%?@9%4}1 g%d&né@é%mn%gk? %s&é&%&t ré)%aq%)sciﬁ.ls

t ypi cal | ylineslagd teolurraislof detadpleedtht epdthé datribddonbf tdidatbnadeorbddibg te r angenent
forms a "field di ode structure that reduces diode

. EI adt e" .or " g’.gt eg"
| eakage. A"HUiBEP 8?”}3‘;“6}&183 §P %eps?j'f%i‘%ﬂeﬁﬁﬁ?l SENBG e shclban be
- fabri cat eglicuitt (do? sEGad)sabhied biTalr thARbbeAL | PRoRIPEEIS AR REAMEGRodeE only
- conmponents in -4 3 February 2005 the array that deli ve? esired performance
~ but al so thhglectrisa! sigshsigeagiped by theparaye
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 bélt of semiconductive matéﬁa[) 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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efficient ffoma time and resource standpoint. By way of exdfpi8YaA"not
limtation, the inager devices described herein are produced by what is
referred to as a reduced nmsk set imager process, one aspect of which is
.that the photodi ode bodies (conprising the sem conductive material of the
di ode) for the respective pixels are deposited prior to the deposition of
the associated thin filmtransistors. The solid state inager of the
preésent invention, which has decreased reverse bias current |eakage, is
fabricated in steps, with the resultant structures fromidentified steps
being illustrated in Figures IA-D, and in corresponding cross-section

Vi ews 2A- Bheaamay3 fab.delibe desédahqxecfonﬁzaict: fado ralwwathiad nhavgitriedtidns sdps dyssed
general ly | .U.ﬁ Patent s,k 5, 399, 844, 35,608; and 5,480, 810; .all of

whi ch ar & csT Fam 4 g fad aeégvr@%téncip@% ¥ Wiyeo! expmplerindingl BRitaton pr ovi des

od {1 Cat R Thakr ddVRcPUSRABA! hRcAGH BiAud®) ARl RIN AUk EaRageUl L] ng

in the reduction in reverse bias age of "t he otod| pur poses
of i |l ust mesk ot amangopropcas: toamaspf;ctaoﬂ epnds esntthatl the photediodd t@dies

illustrat ih u rein.an c i scrl ion refers
Lo soch CnllishidSnd LEHCERARAL L0 of UE BSEOTRRINE eV EPLRbLER o o
substr at edd;%ltc(d-‘prgw tethe depositionldf theeaehriftbd @lin O re®iNbisS The SolRh@it@sensor,

such as phot odlg e 126, as shown _and described herein, and a sw tching
devi ce suliegE oLihepresent inpsntion) whish hiat dearsasesreyeise bigspmmynt lgakageriaf erred to

as a TFT. faFH@ét@@inl éf%:)l '@ltﬁ‘?ffeqregﬁﬁﬁ stmcmeskf?(gﬁndq{]ﬁlﬁ% 9@#}&? RS&GEFCS

fabrication of al xel's on a substrate apar |cular
i mager phot BsemdrA-Br Ay npmm:&qadlsdlsg wrdss-asvdion Sligiwvs EA-Ia(zndr:dﬁaDceTm:t h the
met hod of t.he .inven nductive yer 120 is de ed on a
sur f ace ofeduh TS {?l’ %IOFG{H?;%?({ iSofssed; gegera h%dﬂd&é gétemé O

remai ni ngs,ass,e08; eindhi 46,8 19); ialll d5Hhah e labsified %et‘ﬁela‘ésl A hé’r@:h ’f‘htgat e

el ectrode 122 and phot osensor bottom gate el ectrode %24 are formed in a

conmon et BIRFSHY iIn¥@GGR RO Vislys emedifipafions r ot theorpdensced Ve acdyeve ERO pixel
accor dancgo bdtin fé@ﬁl&lﬁ%ﬂ}(th@ ?&ﬁ fich fnsreve,([iié'a ﬂsel Jléaé? ngl%%)g8§)8{0dat ely

patterned phdotoresi conformn Ghi ng of the
gate el ect rode 122 and the bottom el ectrode 124. As used herein, the term
"common et chi ng sediuwempogiosend Biustdt@n dne s 1imﬁfaﬁfbn,t@rémeseﬁta'tim:bﬁkeht

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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formati on of conponents in the pixel, such as etching the éﬁﬁ%?%@%%ﬂ?5
~material to be -5 3 February 2005 fornmed into respective conponents, in one
set..of etching steps through one patterned photoresist nask. The
.conductive layer 120 fromwhich gate el ectrode 122 and photosensor bottom
electrode 1 24 is forned typically conprises indiumtin-oxide (I1TO, or a
metal such as chromum titanium nolybdenum alum num or the |ike,
deposited in one or in nultiple layers to a thickness on the order of 100
Angstrons to 10,000 Angstrons. After gate formation, the photodiode island
126 is forned (Figure IB, 2B, 313; the portion of diode bottom el ectrode
under | yi ndomned itfioogepect yearmni@6nti,sin onk setstfreadhérgt §tepsphRil Bhe Fgﬁ&n&hot odi ode

island 12 i.cally conprises three layers (illustrated with broken |ines
in cross-ggé%ﬁ%%gFméfgures 2B and 3B) of anorphous silicon (a-Si), with an

n-type doped anorphous silicon |ayer 128 deposited first, followed by an

undoped anor phous siThé casdbaner 1430, 128! $ni &Rtk eghet Ocl@sirddbt ﬁ%i‘sein(a
anor phous silicon (i-Si) and then a p-type doped anorphous silicon |ayer
132. The PrYBIEsUnbetomy slachods 4 ds f%eénﬂpmﬂﬂ?larcempdsespindbms-éd—o&fde
illustrati 0 ' [ AR -type |l ayers ar hi nner t han
t he undopglg@ghl%%ﬁo%%g}lg@é% ¥hrF%ﬁl§%&f t%l%&g%,’ %?)ﬁbgieﬁ%ﬁ’t %H’i’lﬁ'&‘g"i%ltg%hﬂﬁay have a
t hi n | ayefepsbitebmdwetor iermitiphs aere nd a ttlerisn GioRicr 35 10MAhpMdnid1o0Xi de
(1'TO di5986@?Agcross t he upper surface 133 of the photodi ode. The |ayer
of 1TOis not® SABWP™h the Fi gures, in order to sinplify the illustration
of the device. The preferred thickness of the photodiode island 126 is in

the range of aboutAfeBgatd foralabt, (o SBtoddSdeNstand §9 | YR pl20, the
| ayers na§$n uEiphoth?%de i sl and @g%?are fni;ia? y hg%gg#gﬁglE%
subst ant i aP1 3% Cf RATHPR of diasigshatiem slaptsadeaurslerlys, thadibdehisland a6 el ect r odes

then' T or e b CIERAEREE e RRHRTReNET2F Dhical ol vaspose the
(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,




gate el ectrode 122, with the island being forned (see Figuré PEMYAEY al |

but a small contact portion 123 of bottom el ectrode 124. -6 3 February

2005 I n the present invention, the etching of the photodiode island
material is done so as to render the photodi ode sidewalls 134

substantially vertical (e.g., desirably disposed at an angle with respect

to substrate surface 105 of about 85 to about 90 degrees), as is
practicable within econom c and technol ogical constraints. It s
especially desired that the sidewall 134 be fornmed having at |east a
portion thereof oriented substantially vertically. This may be achi eved by
a reactive ion etchimthe gréded) invémiongtharadbingnbtt he $so@I bR arOnsear 30 sccm
at 1.6 Wem and 13.56 ME,. gl?ld at a pressure of about 100 mrorr to about
80 nirorr. "ASYH pY &2t¥P JERdhdhe dhotodiode sidevalls stysubibtantiadiyl verticalhequyr r ent
etching tesihbbl digpRsd at o afdiai TP | cal nsidewal |, 134 on the
phot odi ode, i sl gdndgp 126. Fi gﬁér_gvgthgﬁg asi(g%:@g %%%Elléflg?%eﬁqfﬁg%wt&rsot\?i de
exanpl es 870U GHsgHeeArns is preceablet within ctommit and &chiolbdieal Shaam@ld s 134 t hat
are reaso ; J Lt h . m.cron .thj ck diode island using the
reactive Fgérglb éelctla(a:}hil(?leléﬂo Ehtg heetﬁiraggg t1§? H%«g?ﬁ’}eg&a"*ﬁﬁé‘t ﬂ“\?@r% PUHPR therest si dewal |
134 resul efienged suntantially perticals ThisOehebal RBRVAALY Y rd¥itd e S pRE of the
patt er ni ngﬁlgﬂgt or esi ?t; hgg polgIt-bake of the resist requl red arter resist
pattern derthddt PEFRS WHBres 8oHhaP seqe/3p senytat il Wetmbarmekdss6/MHz,
cross- | i nkeichtd Eésé\ﬁe@fﬁ)oufmﬁboﬁ%’ﬁ%%otnlﬁor{ esist to difficult to remve
ma

subsequent to RIE) and tends to e the'resi'st profile less vertical. 3
February 2005 TABLEl (1.5 micron thickness diode island) RTEbottom slope S
1mi ddl e sl ope S2ext&he Rigctisldaiager dp iskxpend®B difficult with current etching

technologies, to obtain a completely vertical sidewall 134 on the photodiode island
126. Figure 9 and associated Table I below provide examples of contour and
orientation of portions 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.




<« region E (approx. Pressure (nT)(approx. deg)(approx. deg) n?&:FBWESY(ZaO;S’Srox.
- deg) 100759000.37 to 0.67770 80800850 to 9000.37770 6076no m ddl e regi onno
m dd| e regi on67 50750no0 middl e regionno mddle region640 It can be seen

. fromTable | that the use of pressures |ower then about 80 niforr yield a
Si dewal | having no substantially vertical portion, but only a sloping
sidewal | which decreases in steepness fromthe lower (Si) to the upper (S3)
end. In contrast, the use of a pressure of 80-100 nmlorr produces an
internediate section S2 of the sidewall which is substantially vertical,
that is, oriented on the order of 850-900 to.the substrate surface
(referring to the direction of perp&BLEDl ar or orthogonal to the surface
of the substrate. It can f(ir% mésrobeickeess diktitislagd) t he hi gher 100 nilorr
pressure, the intermediate section S2 is nore vertical/orthogonal and
extends over a greater portion of the hei ght of the sidewall, than does

t he i nternedi sect i BftorSAope EPT B midde t he RIE pressure.
Fol | owi ng th@::%g(;rmatl orra@foxtgkge png%é E}S’ degl(jf:E o flt?prﬁoP"r nsi st or
(TFT) depositimm and pattefning is pegogor rred 9§7mE .}Jstrat(g%f Rike igures IC
.and D 2C and D; 3C and D. Comonly, in a pI asna- eénhanced cHeni cal vapor
deposi tion (PECVD) proces®, nultipisewlsgyers of gmterial are,gdeposited that
are then pattefhed to pr&vide theo diedd g COoRp@dR A0St I UCt e on t he
array. For exa??pl e, a gat &°di el ectqmiddie ttgipper ad BGidie &gideposi t edo fi rst, which
| ayer typically conprises one or nore layers of silicon nitride, silicon
oxi de, or conbinations thereof, and is deposited at a thickness in the
range of about 0.1-0.5 microns. Additionally, nmaterials 138 to formthin

filmtransistor (THTanlbeSseed Rlog P SI ted | t he, PE D process
The. TFT 138, commonl y. com§$| S6s Tgor%Jj P%R/agﬁlﬁe %o AUGTEY Oﬁf’fthqlll
PECVD si I15UBEOT xie¢ 3 sidewall birgng 8o 3@)stansially watxcalqmmon but only a s1opmg

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
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3 February 2005 layer 140 of which is intrinsic anorphous %iFFtl’%%W |§Si) in
a thickness of about 0.1 pm to 0.3pm The second or top |layer 142 of TFT
138 comonly conprises n+-doped Si (n+-Si) of a thickness | ess than about
.0.1pm In Figure 2C, layer 138 is shown after the patterning step

descri bed below. As is known in the art, a thin netal capping [|ayer (not
shown) of, for exanple, Mo or C, nay optionally be forned on the top of
second | ayer 142 of TFT 138. As is the case in the known standard reduced
‘mask set process, the next step is to form TFT/FET islands 144, 146 (see
Figure I' O at desired locations, by renoving the deposited TFT-silicon

material fdyem4ut dfavhiel Bdstriapic bhRriHosebiliddi-9nSin a4AREnd S bEANbUL 0. 1k mat er i al
silicon material" and the like refer to the sem conductive portion of the
TFT, il utnQ.2pmd The sedoad Br tpprieger géhef BFT | 3&isomenty kBeprists ish-dadedSi i ve  TFT

silicon-material. rempval is typjcally achieved using an etchin rocedur e.
In the gffﬁcé@gf Bfthlgg‘lfs ké%@ﬁg%b% HynIn § B %%sdﬁlgerﬁd:;%t*.%ﬁml“@gf@%hduct ed so
as to remuetBfingl &, @@écﬁ%k?%f]&%@%??&iﬁ@%ﬂuﬁ%ﬂﬂ (d g@ﬁ rﬂe%al.cgggiﬁ%l el to

substrate) planar surfaces o to avoid renovin r to
renove onlayera(npbshowah offfor elaenplis Me ot Co omynattienallyl be fhinspdse theanp bhe

substanti gl | ertJjcal. si |l portions 134, of the photodi ode 126, so as
~to form asegﬁ%%l\éyer(féﬁ 063?#?1%\%@0 formng a belt-like |ayer of silicon around

the photodi ode body sidewalls. In order to acconplish this, a reactive ion

etch, or dry etch iA&s iethelayet theskndgm StaidatX ARt&l masiSkel/grbekad ecn 30
sccmetchant, at 1.1 i ressure of about 100

1 WenR2 and 13.56 MHz, wth a p S i
mTorr. ThEFXEEERISIg forgn peFFEnglandsd 44nl4eessesipeis 16n@pdesired lacationsxanml e,
based on @ngvids HE d@;ﬁsﬁ&@[‘@ﬂﬁlicﬁhLfﬁat@riz{['?}’gn%méf ‘Ex%as g)l%l ¥1R=,' é;i%ll Yodegerm ned
enpirically), genera y about one to three mnutes. the etching tine is
t 00 shor tysed dsicdy&MFithdtedal sitiebe matdrial el ths [iké eafer fohthe gateosdueige or on

the field t her .harizantal surfaces) of the array, |leading to inter-pixel
| eakage. [?(g&?rhgg t@%ﬁdg”ﬁf% ‘i“stg‘f' %bg“lf?fn@:,ne'iaﬂﬁ a5t ﬂ%a-naﬂﬂﬁgiegcmeel ectric
mat eri al TENsiCoLmaRaEd @Yl is %ic@.h?/ G8leRUSRINg AU SR hiRABE Il Thiwg array,
and prol onged etching can also result in
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, é 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 hqrizontal 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

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




etching away. of the silicon material that forns field platalEBmaReA90
spacer) 150. 3 February 2005 This etching procedure results in the TFT
silicon. material being renoved fromthe desired horizontal surfaces while
.leaving intact the field plate (or belt spacer) 150 of the TFT silicon
material (i.e., an a-Si material) around the perineter of the photodi ode
126, on the substantially vertical sidewalls 134 of the photodi ode body.
The etching process will typically etch off the upper n+-doped Si material
fromthe vertical photodiode sidewalls 134, and thus the [ayer of silicon
formng field plate 150 typically conprises only the i-Si portion of the
initially depositedhifFdichigeproeddurennisats iatthe i BT edlicendmaieriala be@at i nuous

" belt around th Si | | s, of .phot odi_ode 126., The .gate_e| ectrode
di el ectri EPAF rfr%gﬁq\,\@esﬁ%g%%’&taﬁ \é‘if%ééﬁ"?’lﬂteﬁ?ad'"}ﬁl igfagt ﬁ%diei‘hﬁ laf0rsi dewal |
of the ph%@gdlp@&@) 186, ofttlﬂb'SFFle@MicBﬁJ nﬁzh@nalsfllel %”a @ﬁ Jlét@ﬂizﬁ Qk&ﬁaﬁ tg;gr spacer)

150 electrically isolated fromdi ode body 5o that
st r uct ur e pefimeige op thesphntodiedee Hi6, on tbaﬁumrlﬁlaﬁwmlcmmdéwﬁhdt%owf e field

poasi bi o ByopHietEBaE: T el bieR i Bpicatl pich SRS HBSE el Beess, in

particul almatdwatﬂmetﬁeheerﬁMtphdtodﬁﬁelsﬁdem[lﬁrﬁM PaddOthub Qhd Qdyet B8 sflizen TFT
i sl ands | the regﬂced process. Subsequent to the formation of the

sk
TFT/ FET | plateg § ﬁbd)sl?e t“@l eprpsiset @nlyothepebit parhae ef) the Saitiallyie devi ce
fabricati asbogﬁap a9, FARHANUARAPYnd TR B9 o dotinbibls' B AR dhe! ect il C

| ayer, foll'owed by the deposition and patterning o source/drarn netal
| ayer (sosideeitirefiphotediodt bo@yf tits The gateeelcnmmdmheimtre:rlayadr IGéQﬂdrs;msed orm bot h

t he source_and I s i.n the ned oform
comon el etwlg%[ﬂgleﬁ ﬁ%% E réfﬂ ostl‘flueéYahl B‘ﬂ: %%‘J%( f‘ﬁatt Yipgd ef or
exanpl e, titieon SOLKIE §ladNbr Apaticr) I@b%q?écfrﬂﬂﬁ? @ﬁatédﬂﬁon{'ﬁo&' l%d}yhs% haagout |ine
coupled to the TFT. The _source/drain ne | ayer typical is a conductive

mat eri al 8Hehdigde spIcfBeehtmpresem ivention C@rbetfhgﬂftd ke. As seen in Figure 2D,
- the common el ectrode lines 154 overlap the

| 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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sidewal I's of the photodiode islands at regions in the vici Ritco™8F 397
island structures 144. In operation, the. common el ectrodes are generally
hel d.at a fixed potential. Since the common el ectrode 154 contacts the
-.a-Si material of field plate (or belt -10 3 February 2005 spacer) 150,
which is slightly conductive, the silicon in belt 150 charges up to the
bias of the common el ectrode. The electric field provided by the field
pl.ate 150 results in a reduction, in operation, of reverse bias |eakage
fromthe photodi ode 126. Furthernore, if the commopn electrode is
negatively biased, as is the case with p/i/n- type photodi odes (top to
bott om | ay®rsD) &Y, ?gé‘h 1§ Hightly gpudiictive theswjcontinbelt { Hichaogasnipitalthe lds t he

field plat Ll t gh i i it t th
bost ¢ ve 0 athoh ER(IR! Bt Blecii MIARIEA P BT (G renift e rer
channel chanrghictiayeirs optations bh reVesesibidsc takafe Bohi BPaRRIA&R. 138 S

situation _significantly incregses the conductivity of the silicon field
pl ate enh(Fr'l’ﬁ(ﬂF‘\‘@m’crﬁe‘P fhegtogmgan ?alﬁ%rQS‘Fdﬁéc&al“H‘élM/é’l‘qs‘?d,laﬁ iy fhgagasy pobadEing,

addi t i onaltysesiRtddides Sop STBNERSN {0 iL0ERTPFBLrt BB, sBf ThbFheRlangs 144,
146 that are not covered in source/drain netal. is Step rémoves t he
n+Si | ay&f thnbcld patalIp0 sitisonmasérial hie negrdie IwitnigspecSio Heymbre pwitikat about

50 nmto : f n ' d,1-Si .are r ed in total; the

pur pose O?Bgﬁpgxﬁggﬁgygpfﬁgﬁ?5i%;g%?§@g%?ﬁW8WFgﬁFﬁgq¥?&?ﬂ§§m?§ﬁ%ﬁﬁmn in the
art, Reactfowes inothe efildohng ekt spabe [H0ef Ehiseduphidr SRR MOE AtsQstN et eri al
is etched supstanti l}ly,,ortho onally to the surface, and thus wll -not
remove, ofCRFuCcHYY ?1% eSiligan field glategpihangiegthe fistd on the diodpsidewaltat eri al 150
along the sidewall 1.34 of the photodi ode. The reactive ion etch may

preferably enpl oy Sfrpﬁ@amgrd'c]gsing?%diﬂor%g irr%'ierﬁi ﬁmeﬁgv%cfn f;{?ﬁrsrﬁ%i%nggﬂhrew or

necessary, an addi ti onal "photoresi st sking layer wn) “can be used
at this dFEFHIbisknds ddd, 14fetifal etainpl etverqdoim trekrde/drpincerial. 15Khisretepr i al on

the di ode_ gi l).S. qwhile allowng the n+ | ayer. 142 to be renmoved fromthe
FET ¢ hannéﬁ%%gﬁle_ﬂ'n eSI\qh@ﬁe(S%(?%grin\é\fll a’%ﬁg‘% 9%“3‘“% "H@ﬁ’ﬁy g 1%? iadS’é &8 vabotthe array
"W th respéthinve apbutal00RLHT e @S-Sidhs PSS 8@ rbRoAd iQWbthNehEhERbRbLhist he

silicon materi F\J- in the channel regions 170.

removal 1s 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-




The imager is then conpleted by the deposition of a barri ef FFBW%WZPOéO
(Figures 4 and 5), which passivates the surface of the TFT/FET i sl ands 144,
146, .and seals the exposed surfaces of the entire device. The barrier
layer is preferably about '0.5 mto about 2.0 min thickness, and may
preferably comprise SiO, SiN,,, or conbinations thereof. Figure 11 shows
a plan view of the inmager array. 100 with respective photoresist TFT
apertures 165 over the TFT regions to allow etching of the channel 170. -1
1 3 February 2005 Figures 6, 7 and 8 illustrate an alternative enbodi ment
of the present invention, produced by using standard photolithography in °
the step in which tHhguresFBI//RE § gluanas a@4dternadé; embediment ofathk prdsemtmed.  When

usi ng photalithograph TFT. is]and.244 typically is patterned_sych that
the isl antﬂrwre%%‘r%ri’ %go‘g%%%r?éf PHRe %‘P{i]?{ﬂtéﬁomglﬁogﬁ?é‘yplﬁoﬁ’ﬁoﬁt%& h g\?_erl appi ng
(see Fi gUMET/HET ReandppeL, 286208 NnisENy asmed 48R sty pHRIIRGHASS, Tl ch has
the layer of gate dielectric nmaterial 236 deposi tedpt hereon.” "This overlap

of mat eri &landeddddrpiedly in pafieroed sushpbaishe island semiing gioupd die pdrangs¢ratfodi ode

226 to a gertal by e lend Eioals |tsin i de r.1hicker

| ayer of ?ﬁe‘g lg)l-td%ilﬁ{%?riazt%ép Fapa%}c{)l%a(g?é giga%eh@ @?3@9\% R la alrgflﬁ‘a%el %‘%820? %119 bel t
spacer) 2photbdiogh, ovhhicle hahéheghyeadofl ditodielsitisiatatsral 206 poprdatersbt.h t he use
of RIE to.,etch the TFT/EET islandﬁ in the previous enbodi nent, the use of
phot ol i t hggwélaﬁ@app?f&}?fa@ dectrars (RePRoIERPOReR HRFRSHIBILY PEUFinhglodinde si
material opg {hecctiatfadhde, nEhOME Sit 300 kSufls B ARMIPDE HIRP ONE: SpRELIgrENt al _
. data, obtained in connection with the devel opnment of an“experinental gated
di ode st r Detenektootct tahdhepidewnll fiekl/platei on bekespatenc? Hyteapetieahs gated r ever se

al ong ¢ et et eoRs Efah BN e o YR B e B R MRROT KPS ea i n
gener at i ngrevioas dabadipies e e¢ dMpHot@ith@rdfy froadgnt ekt eQlabR0gechoat eri al
tin oxide (1.TO, and t%,e gate dielectric was silicon

enpl oyed i ndi u
nitride, )‘fi\/’tﬁe&‘”ﬁnﬁiﬂ& atendl oggbgsidevall. i cron. The device was constructed so
that a

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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separate bias could be applied to the gate. In the inventi oh PREVANS
electrode is -electrically connected to the bias electrode. Wthout the
gate.- (Vg about OV) the |eakage current in the experinental exanple would
..be about 10"9 A. Wth the gate tied to Vb,as about -8V, the | eakage woul d
-be about 10-12 A (i.e., Vgale = Vb,. = -8V). It will be apparent to those
skilled in" the art that, while the invention has been illustrated and-
-described herein in accordance with the patent statutes, nodifications and
changes W& T8 GhfMEIR} I$he di scl osed enbodi ments without departing from
the true spirit and scope of the invention. It is, therefore, to be
under st ood t hat t Asohgperdedged @msisaxge i nt ended to cover all such

nodi fi cati ons and hanges .as fall within the true spirit of the invention.
-12 3 February Z@Bﬁﬁﬁof@o&%’%@’ﬁe - ATFANg %RIHGI%Y€3F%5%@|I‘?comri si ng:
a pl ur aphdtyseféor PRI IRIngR! Xel s arranged in a pixel array, each of said
phot osensor pixels conprising: a photodiode having a side wall, said

sidewal | havi ng a2 pattediddehayeng d gide wallonidbidqpyedidavinpgs gaadielattica i el d
pl ate dj_sposed around sai,d photodi ode body, said field plate conprising
anor phgfﬁlg rscfimoé%c{nt%arieglﬁ’o?gd on said gate dielectric layer, said field plate

ext endi ng subst and fiellilpyat€ aRPésell atatnakad pHoAiode bgeWallfiepf pigei d phot odi ode.
2. The said state imager of Claim| wherein said imager further conprises a

common EmERisHEREnorghgus sflicen disppsedeonsaidrggtaisigetsie dayen saiddfiald platd  cont act
ith | i . egt 1. . [ § tate |
Feci t od il Sor IR0 £ BT NI Shicr o AR MGBRBES | "0 S posed

substantially perpendicular with respect to a surface of a substrate on
whi ch said pixel array is disposed. 4. A solid state inmager as recited in
Caimi, 2 0?r 3 ”;ﬁ}grsg}drﬁt%tgiuaagqr ef @la‘gpdt\@hqrgm said imager further comprises a

common electrode, said field plate being disposed in electrical contact with a portion of

said common electrode.

3. A solid state imager as recited in Claim 1 or 2, wherein said photodiode
sidewall is disposed substantially perpendicular with 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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di sposed over the substantially perpendicul ar portion of sairgPBiEbt e ode

sidewall. 5. A solid state inmager as recited in any one of the preceding
Cl ains wherein said anorphous silicon material of said field plate extends
~.over said photodiode sidewall and at |east a portion of the upper surface

of said photodiode body. 6. A solid state inager as recited in any of the
preceding Clainms, wherein said photodiode is selected fromthe group

- consisting of p-1-n diodes and n-1-p diodes. 7. A nethod of fabricating an
i mager. array having a plurality of pixels, each pixel conprising a
respective pixel thin filmtransistor and a photosensor, the nethod
conprising, for eachdsresitiespifif conpdustive tayer ey apdstEate- - 13 3 February 2005
depositing a first conductive |layer on a substrate; form ng a photosensor

bottom el ectrode fro “m{gd?;{jhgﬁ’%e‘%gp%t’@&vagﬁ!tﬁ%ﬁgﬁf%@%%?c,?g%%ﬂmtﬁg ensor -

body di sposed on at [east ortion of sal ottom el ectrode,
sai d phot odsmsor body having sidewalls; depositing a gate el ectrode
dielectric |ayer over said photosensor body; formng a |ayer of field plate
conpri sing anor phous.silicon,on at |east ,.a rtion, of said. gate dielectric
| ayer covering said SFa8af Iph8¢)3?5?rdg?) ofliﬁ‘g%ﬁgo‘?’“ Bolfgst aaﬁﬂ”@%t%fﬁiﬁ‘ g

conpl et el y phst@tbAcLrbBti6m RIRIrOES BEO phiesbhsorditdy hevil BderRalonmon el ectrode in
electrical contact with said field plate. 8. The nethod of Claim7, wherein
the step of form ng said .common el ectrode further conprises: depositing a
source/ drai n conduct f5pesitipgt 8Rte glectrodsr dielesirip dpysnever syt peeloshnserPodnduct i ve
material to formsaid common electrode and to forma source el ectrode and

a drain el ectrode fofy;3inkni1Rveriok Befd A0S LshBks: : 0 id
pixels. 9. The mnet hoc(i) o%‘n%O g%rrno7 or %ﬁ Fﬁr?ﬁsel?lég@a- rhiBlg'gslrSr%ggot%hkben ?Isttliagl of
f or mi ng ana portion 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 form a source clectrode 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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i sland of TFT material followi ng deposition of said gate ePd&ePPape2005
.dielectric layer, - conprising the steps of: depositing a first |ayer of
. intrinsic anorphous silicon over substantially an entire exposed surface
..of said gate dielectric material; depositing a second |ayer of n+-doped
anor phous silicon material over said layer of intrinsic anorphous silicon;
and -14 3 February 2005 etching said first and second | ayers to.
substantially renove said first and second |ayers from predeterm ned
portions of said gate dielectric |ayer disposed so as to |eave said first

and second | ayers inesghechiaddr §a é@&%flggé}js d Ilﬁ%tahﬁélgﬂgeﬁnﬁe?sgm? ﬁrrsgte

present, and further |leaving intact at st a portio sai | ayer
of anor phaussespid byersdrons aredetsimdimed pbriohs efsail phiottenioly@odlyposdd. The

thod of (laimg9 wherein said etchi i ses . tjve i
eroh, 11, ThE TUENGaTGH e ne 60 e Bt eCit dreh dtrs vl T Stk %pl oy

an et chant toobe ?ﬁs’se@c{ ahlCliurtled- ledViRg TROOSt RAstQd Bbitod lor YRETRLNL$& dr r eactive
es

ion etch inclu .etching with 20 sccm 30 sccm m xture of SF6”or HCl, at
1.1 Wcnz #nerrhaussgiggs ongaidsidssglioé said pagessnsardodniTor r, wherein the et ching
-is conducted at an em ssion endpoint of silicon, plus about one to three

mnutes so as to forgy sqjdfg)yd . . . aim9, wherein
said etching step is éarr?e outOfpgglhﬁgg’ %ﬁ]g{%lfl%tlﬁgg@gl hé;.gp ?ﬂ‘?‘p‘f% et hod of
any of C aiea®ivE 1¢roetdl8, wherein the step of forming said photosensor body

further conprises formng. a substantially orthogonal side wall portion,

conprising the steps,,of. depositing.substantially unifarm/|ayers of, in

~ succession, an n+-d§6edThearH§tB%¢18t§g§inluli (5] ?reg'nsaf%feﬁ?tﬁ?i‘en ﬁﬁgr WS silicon,
and a p+- depgchaan@HQHECSi | i con, :

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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and etching said layers at predeterm ned l'ocations using a3 FEEREMAY%on
etch enploying a 20 sccm 30 sccm i xture of SF6/HCI, at 1.6Wcn®2, and 13.56
" MHz; .at a pressure between about 80 mflorr and 100 niforr, to forma
.phot odi ode having said substantially vertical sidewall portion extending
conmpl etely around sai d photodi ode. 15. A radiation inmager conprising: a
substrate; -15 3 February 2005 a photosensor array di sposed on said
~substrate, said photosensor array conprising a plurality of pixels, each
of said pixels being coupled to a scan Iine and a data line, each of said

pi xel s further conpri hot dIOd ng a body with sidewalls; a
thin filmtransistor p?nﬁ;g)%‘nsogg (g %‘&@E‘i‘tﬁ %’é‘i PYotessasiteédrao sai d
phot odi odecoaipdismgiachisarey df nélsa%hcéagﬁd B8 Ive
‘readout of  the ghg) emgf Eald phot od |ogg b%ﬁg%%u#&}Fﬂ??%géﬁggﬁgéosed in

el ect ri caldagoleagach td el futheovodprodiess; and a field belt conprising
anor phous silicon di sposed around said photodiode sidewalls with a

dielectric materi al %ﬁ#’ ﬁé Emfge‘gb? tvyﬁlegndqs%y? field plate and said
[ el e

phot odi ode body, sali I'n rical contact. with said
common el ectrode so as to provi de an electrlc field around sai d phot odi ode
body in correspondete finttRansibter (TFARhidaAlF Tofeigpdlebtdeiynpuplcaes Eoge. 16.

The radia of, cI 15 ein said cormon el ectrode, at points
where it ﬁylh&gdlé)gﬁ gg(gisad@é?a“t [‘ﬁlesscb'f‘s @a‘?”é}glﬁﬁ@[‘]féﬂi’%ﬁ‘éd%cﬁféhe is

di sposed eh&fe bESREFHOOHRIEF T |slands, said TFT islands conprising silicon
materials used in the TFT fabrication process. 17. The radiation imager of

~Claim 15 or 16 wherein said photodi ode body sidewalls over which said
field plate extends?cetpinpseclsctpsiet dsposehatn | Jegubdt apntpet! Iwith said

photodiodes; and

a field belt comprising amorphous silicon disposed around said
photodlode stdewalls 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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vertical to the surface of said substrate. 18. The radi ati ofhcPHEg°03¢
claim 17 wherein said substantially vertical sidewalls are disposed at an
angl e between about 85 and about 90 degrees w th 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-1-n

- diodes and n-i-p diodes. -16 3 February 2005 20. The radi ati-on i mager of
~any one of Clainms 15 to 19 wherein said field | at e conprises silicon

sel ect ed froRPt heThe tadpation iagarioh sixcormafrEninusst Stol [9ceherein saiddisd  si | i con,

priorco) BRI sl etttk AP e P e bR ol 0

provi degilichatané osmbingGsnsakertdgi ng array of gated photodi odes. The i nager
conprises a plurality of photosensor pixels arranged in a pixel array, and
each of the photosensor pixels includes a photodi ode having a sidewall,
the sidewall having a gate dielectric |ayer disposed thereon, and a field
pl ate disposed around the photodi ode body. The field plate conprises

anor phous silicon disposed on the gate dielectric |ayer and extends
substantially conpletely around the sidewall of said photodiode. The field
plate is electrically coupled to the common el ectrode of the imaging array
so that the field plate creates an electric field around the photodi ode
body in correspondence with the potential of said comon el ectrode. A

met hod of fabricating the gated photodi ode array is also provided. Figure 1
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