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Schottiky Junction Chargs Coupled Devics

The present dnvention relates generally ko the design
and fabrication of a Schotiky Junction Charge Coupled
Revive, and wore particularly, but not esclusively, to a

5 Schottky Junction Chargs Coupled Devire arrangsd as a
photo-optic detector, particularly to the design and
fabrication of detector arrangements wusing low Schobtthky
barrier height metal silicide layers on a silizon
substrate for infra-~ved (IR} detection,; whersin sach of

10  the detector slsments in the arvangement forms ons of a
plurality of Schottky gates for infra-rved zensitive
Schotiky Charges Coupled Devives.

Friog art silicide infra-rved detector arrays are
known wheredn vertical and heorizontal Charge Coupled
Davice {COD) shift ragisters are provided to transfer
charges gensvated in separate infra-red dstectors to the
detector arvay output., This detector array acchitscturs

i
151

is known as the Yinterline transfer scheme®. Dus ko ths

ares oecuplied by the shift registers, the detector Fill
¢0  factor {the ratip of active detector area to the area of
the whole device} is, in practics, in the osrder of less
than 50%.

To overcome the problam of low detevtor £ill faotors
several approaches have besn suggestsd. One way o boost
the £ill factor is the use of separate planes, one Sor
Schottky silicide IR detection, and the other one as a
silivon multiplexer network, bonded together with indium
bumps, as described in US Patsnt No. 4,531,055, another
approach is Lo use micro-lenses on the device hackside.
3t These approachss lead to almost 1003 detector £i11

e
L5

factors, but the fabrication of these detector arrays is
gry wostliy.

%

"

¥et anpiher approach to increase the detestor Fill
¥

fackor is the use of CCODs w red zensitive,

513 r
35 In dustralian Patent No. 379037, the disclosurs of whick
] a device is described
which uses Schobtky metal silicide CCD gates for both

SUBSTITUTE BHEET
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infra~rad detection and vhargs trvansfer. One devics
deseribed comprizes & seciss of Schettky silicide gates in
& Juncition COD arvangement. The metal silicide layers of
sach gate ars separated from each other by & gap of & few

43

microns,

Ancther device described o Australian Batent Nu.
575027 conmprizes g ssyises of Schotthy silicide gatss which
ave separated from sach other by ROS-bype puly-silicon
gates of a foy microms to form a limear CCD. Ths aves

Yo
P

reguired by the MOS8 gates degreases the avallably space
for the infra-red seusiitlive Bchotiky silicide gates.

In hoth the asbove devices, the individual linear CCDs
which ars made up by the Schottky silicide gatss ars
plaved side by 3ide to bulld & two-dinsnsional detesctor
1% arrav. Tach linear OO0 column is separated by channsl

stop diffugiong of tﬁeimgpcsit& poeliagity as the TCh
channsl implank. Ongx type siligon dmplants, each gate
also reguires & guard barrisy of opposite polarity implant
at either side of the OO0 gats, to prevent «lgs lsakage
&0 oyrvent. The areas undsy the HOE poly-silicon gates and
gaps besiween the metal silicide layers, and the areas
covered by the chasnel stop diffusion and guard arriers,
ars non infra~red sensitive.

A problem occurs in Bchottky Junction QCU

arrangements with sdge leakage cuvrent from the mebal

g
(93]

™

silicide laysrs. The present invention addreszes
golubtions Lo the problens associated with this edygs
leakage current of reverssd bias low Schottky barvier
height meial gares uwn p-type silicon, vhich is prevented
30 in conventional Schotthky infra-red detectors by inplanted
guard rings,
The present iavention provides a Schottky Junction
LO0 arvray comprising a plurality of Schobttky Junction s
transfer gates ovn a semiconductor substrate, the array
33 gcomprising ab least twe adiacenit linear CCDs, sach CCD

SAMSUNG EX. 1002 - 829/2862
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comprising & plurality of adjacent Schotiky Junction
transfer gates, ths adiacent CCLs bsing separated by & low
dose semigonductor Igpurity implant of the same polarity
as & higher dose buried channsl implant used in the CCb

5 channel.

Dafining the boundaries betwsen adjavent COhs by a
low dose ssamiconductor inpurity implant of the same
polarity 8% 3 higher dose buried chapnel implant
surprisingly obviates the nsed for guavd barvviers {vhere

18 the CCD is nade frosm p-type implants into silicon) and
channel stop Qiffusions. Bdge lsakage does nob
substantisally oocur and anti-bloowing properties aof the
Schotiky gates are paintained. & further advantags is
that sehstantially the sntire arsa of the TR will be

15 sensitive to radiaticn where the QD is arranged as a
radiation detevtor,

gach Schottky Junchtion tvansfer gate prefsrably
comprises & metal silicide layer over a semiconductar
impurity iwmplant. Preferably, the wstal silicide layers

20 of adjavent gates extend in strips scross adjacent OCDs.
Preferably, adiacent Schobtky Junction transfer gates
in sach COD ave separated from each other by only
sub-micron wide gaps. Silicon dioxide spagers ars
preferably used to separates the adjacsnt gakes.

35 Previvusly, adjacent gatses in sach 0CD warse separated by
gaps of a few miorons. Prefevably, the Schotiky Junction
transfer gatsy sre infra-ved senmsitive gates which are
arrangsd Lo operate in & £irst node as IR detection
slamants and in & ssoond mode as gates of & €00 ghift

30 register.

The Schobttky Junction OCU array is preferably a
"frame transfer device®. Prsferably, an array of
infra-red ssngitive Schottky CCD gates is connescted to an
array of non-sensitive Schotiky QCD gates for fraume

35 stprage. The frame of information can then he read sut
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line by line through a Schotiky gate read-ont OCh, The
frame storage array could comprise an arvay of infra-red
seusitive Schotiky 0CD gates shielded from IR radiation szo
they sot as 3 storags array fov chargs from the arvay

5  exposad to IR.

The ssmiconductor suhstrate preferably comprisss
n-type silicon and the CCD ig formed by & pobyps implant
an the n-type silicon.

The pressat invention further provides a Scholthy

19 Junction OCD array comprising a plurality of Schottky
Junotion transfer gates on 8 sewmivonductor substvats, the
array comprising at least two adjacent linear CCbs, sach
OCD comprizing & plurality of adiscsnt Schotiky Junction
transfer gakes, sach Schobihky Junction transfer gats
comprising a layer of metal silicide over a semiconductor
impurity implant, the meial silicide layers of adiacent

[P
54

gates extsnding in strips across adjscent QC0s in thse
arvay. V
2referably, the adiacent {Chs are separated by 3 low
20 dose semiconductor Impurity implant of the same polarity
as 3 higher doss burisd channel implant used in thes OO0
channal.,
The devicgs may alszo include sub-mivron wide gaps
batween adiacent gabtes and may be a frase transfer devics,
25 and prefsrably the gates are IR sensitive, as discussged
above,
an advantage of having the layer of siligide
sxtonding all the way aoross the OCD array is that the
whole arrvay undsrneath the silicide strip will be IR
30 sensitive, unlike the case in the prior art where silicide

£

laysrs of adijacent LC0 columns ave ssparated by 3 channal

stop diffusion and also by opposite polacity implant guard

rings. ' $
The prasent invention yet further provides a Bohottky

21

%]

Juneticn COB array comprising & plurality of Bchottky

SAMSUNG EX. 1002 - 831/2862
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Junction transfer gates, on s senivonductor substrate, the
avray comprising at lsast two adfacent linesr CUDs, each
CLD comprising a8 plurslity of adiscent Schottky Junction
transfer gates, adjacsent Schottky Junction transfer gatss
vithin the CCD being separated from zach other by a gap of

153
o

a micron or less wide in the divection of charge transfer.
The gap is proferably of sub-nicron dimension. 8ilicon
dioxide spacers are preferably used bo separate adjasent
gates,

faik
e

ddiacent CODs may be separated by a low dose
semiconductor impurity implant, metal silicide layers
forming the Echottky Junction transfer gates may exvtend

%
3
4
5]

88 adjacent C0Ds, and ths array may be a frame
ransfer devive, and preferably the gates are IR
153 sensitive, zs discussed above,

¥

an advantage of having adjscent gates separated by
gaps of sub-micron dimension is that inversion lavers
caused by the reverse bilas voltage counsoted to ths
silicide gates are Fformed in an overlapping manner, and
40 guard rings are not nesded. This alse leads to more
efficiant charge trausfer.
in grder to improve resistance to radiation damage,
the silicon dioxide spacers may be vemoved by stehing,
d.8. the 510y spacers would only be used during the
manufacturing process for the array.

Iy
5%

The present invention yet further provides & frame
transfer Schottky Junction OO array comprising an upper
array and a lower array, the upper array comprising at
lesst two adjacent linear CCDs, sach OCD comprising a

30 plurality of adjacent Schottky Junction transfer gates on
a semiconductor substrate, sald transfer gates being
radiation sensitive and beiny arrangsd to operate in a
first mods as radiation detection slsments and in a second
mode as gates of & OO0 shift register, and the lower frams

2

33 comprising at least two adijacent linsar ©Chs, each

SAMSUNG EX. 1002 - 832/2862
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Eo2d

it

15

20

38

comprising & plurality of adjacent Schotthky Junction
transfer gates, sach uppsr CCD being able to transisy
chinrge inte 8 respeciive lower frame O for storags.

The upper array gates are preferably IR sensitive.

In at least the upper frame avray it is preferved that
adjacant CCDs are geparated by a low dose semiconductor
impprity implant, It is also preferved that, in at least
the upper arrvay, that adjscent transfer gates in sach QO
are separated by a3 gap of subsmicron width dimsnsion. It
is also preferred that, in at least the upper arvay, that
metal 3ilicide layers forming part of the transfsr gates
pxtend across the array over adiacent Cips,

Preferably, both arrays include all the abowvs
features. An advantage of arvanging the device as a frame
transfer devigs is that similar fabricstion techaniguss may
e wased for sach array of the frame, which leads to sass
of manufscture. In order Lo prevent the lowey arcay
producing chavgs it may be shislded from ingident
radiation, .

A CCD array comprising adjzesat radiation sensitive
CChs which are separasted by a low dose iwmpurity implant,
adinoent gatss being sepsrated by a silicon dioxide
spacer, results in a "Fully Integrated Schotthky Array®
{FISAY, with g detechtor array of almost 180% £i1l fscter.

& further advantage is that the FIS& doss not need
1 oxide semiconductor type gates for sepagating the
Individual Schotiky gates.

Wwith channel separation of adjacent CQUs being by
lower Implant pelarity, of the sawe implant &z for the £ep
channel, only a lowsy dose, this lsads to the surprising
advantage that guard rings for each individual Schotbky
gate within the OO0 matrix are not nesded, Sdge leakage
current doss not substantially ovour.

With such an FISB array. the whole matrizx of Schotthy
0Chs including the channel separation implant wmay be

2
8
et
=4
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w}

infra-ved sensitive. Only g small fraction under the
zubemicron spacers sgpavating the Fohintthky gates is
non-~infra-ved seagitive, This lsads to alnost 188%
detector £ill factor.

5 Such an FISA is also only minlimally affscted by solar
radiation bhecauses of the Jack of gats oxides. Az
discussed asbove, the §i0p spacers wmay be removed by
stohing in order to improve further resistance Lo solay
radistion,

19 The pressnt invention further provides a Schovtky
Junction charge coupled device infra-red imaging avay
naving substantially continuous infra-red sensitive
slementy with a £111 factor substantially greater than
fifty percent, said imaying array comprising:

5 & pluralisy of substantially contiguous vonductive
transfer electrodes disposed along a semigonductor
substrate above 3 buried implant channel and providing
means for ssrially shifting charges packets within the

¥y

burisd channel of said substrate when s seguence of
zontrol voltagss is applisd therstyo,

P
<3

sach of said substantislly contiguous transfer
plements forming & revtifving metsl to semicondugtor
gontacht known &% & Schotiky contact and having o bavrivr
height sufficiently low ©0 cause the Schotiky contact to
2% raspond to infra-red radiation of wavslengbth substantially
greater than the band to band sbsoarplion gutoeff wavelength
af the sewmiconductor,
said Schottky contact acting in & first mode as an
infra-red detector slsment by photoemission of charge
3¢ carriers frowm the mstallic reglon of said Schetiky contagt
to said burisd channel of s3id semiconductor substrate
and, in a second nmode, to comtrol wmovement of chavge
packets within said buried channel, operating in said
firzt or second node being deternined by voltage ssguences
3% applied to said transfer electrodes,

SAMSUNG EX. 1002 - 834/2862
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a dieleciric passivating laver located ovsr the
transfer slactrodas, and

a mirror lovated above the dislectric layer,

the transfer electrodes being sufficiently thin to
enable transmission of infra-ved light and the dislwsctricz

£52

layer fornming an optical cavity on top of the transfes
glsetrade,
the burisd dimplant chanrel comprisiny a central

region of relatively high concentration dopant sxtending
18 along the channel and bounded by regions of ralatively low
conzentration dopant of the same polarity av its sdges.

The present invention yet further provides a Behottky

Jupction charge coupled device infra-red isaging array
having substantially contiguous infra-red ssnsitive
elements with a £ill factor substantially greater than
Tifty peveent, saild imaging scray comprising:

53

2

5

& plurality of substantially contiguous sonductive
transfer electrodes disposed along a semiconductor
substrate above ¥ buried implant channel ang praoviding

20 weans for serially shifting charge packets within the
buried channel of said substrates when 3 saguencs of
control woltages is applied thersts,

sach of sald substantially contiguous transfer
plectrodes forming a rectifying mestal to semicondustor

25 contact known as @ Schottky contast and having a batrier
height sufficlently low to cause the Schottky contact io
respond to infra-red radistion of wavelength substantially
greatsr than the band to band asbsorption cubpff wavelength
of the s&micanﬁuatar,

30 2id Schotthky oo et acting in & first mode az an
infra-red detector alsment by photoewission of gharge $
carriers from the metallic reglon of said 8 Sehotitky contast
to zaid buried channel of said semiconductor substrabs i
and, in a second mode, to contrel movement of chargs

3% packets within said buried channel, operating in said

SAMSUNG EX. 1002 - 835/2862
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first or second mode being detsrmined by voltage seguences
applied to said transfer electrodes,

the buried implant channel comprising a central
region of vslatively high concentration Sopant extending

5 along the channel and bounded by regions of relatively low
concentration dopant of the same polarity at its sdges.

Features and advantages of the present invention will
become apparsnt from the following description of an
smbodinent theresf, by way aof exanmple anly, with referencs

18 to the accompanying drawings, in whichs-

Figure 1 illustrates in gcross section the basie
structure of & single conventional metal-silicide Schottky
barrier infra-red deteutor:

Pigures 2 illustrates in plan view the structurs of a

15 prieor art Schotiky dunction Chavge Coupled Device.

Figure 3 schematically illustrates the layout of a
frame transfer delector arrvay designed in acoordance with
an embodiment of the present invention, and

Figures J and 4 &, B and €, illustrate in plan view

20 and cross-sections elements of the Fully Integratsd
Bchotiky Avray in agcordante with an enbodiment of the
present invention.
Tha basic structure of a conventional metal silicide
Schotiky barrier infra-red detector is illustrated in
Figure 1, from which it will be noted that photons of
invident infra-red radiation 11 are transmitted from the
back surface 12 of the detector to the silicide layer 13
via a dielectric anti-~reflection coating 14 and = potype
silicon substrate 15, Silicides of metals such as
30 platinom or palladium are characterises by low Schotbky
barrier height for p-type silivon snd ars therefors
suitable for the formation of infra-red sensitive
detectors. The guantum efficisncy of the silicide
infra-red detector is improved by putting an optical

3% vavity on top of the thin silicide layer 13 comprising a

A1)

]
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- 18 -

dislectric layer 1% and apn alpminium mirvcer 17. Light
pazsing through the silicide 13 traverses .

the dielectric layer 18 and is reflected by the alumisium
mirror 17 thereby providing additional opportunities fTor

transmitted photonz to be absorbed by silicide layer 13.

(521

During the integration time, whesn photons dus o the
inooming infra~red radistion Il are absorbed in the
silicide layer 13 creating slsctron-hole palrs, the
metal-silicide layer 13 is reverse biased. Holes ars

10 abscrbed by the p-btype silicon substrate 15, while
slectrons stay in the silicide layer 13 as photo-current.
This reverse biag voltags crsates & high slsctric £is1d at
the edge of tha sxtrsmely thin gilicide laysyr 13, which
would causs high leakags currents in p-type silicon,

15 Therefore, & n-type quard ring 18 is integrated into ths
silicon substrate surrounding the sdge of the siligids
layer 13. The netal~silicide having a low Schotiky
harrier height on p-type silicon is chavacterised by 8
high Schottky barrier helght oo n-type silicon, thus

2 prevenbing lsakage currsadl within the n-type dopsd guard
ring 18,

In gonventional dnfra-ced destectnr arrays, such
detectors ave placed as an avray, snd the photo current of
gach individual debsctor is rvesad-put by shift registers

3% placed between the rows of detsctors. Valuable gpace

sooupied by the shift registers can not be used for
infra-rad detestion, leading to debsctor £i1l factors of
legs than 50%.
Pigurse 2 ig a plan view of a portion of a priov art
38 infra-red sensitive Schottky Junctisn CCR srray sush as
the types disclosed in Rustralian Patent No. %780287. Ths 5
CCh array, degignated generally by referenpe numegal 184,
igs formed Dy p-type iwmplants 101 (to farm the CCU oplumns) £
on an n-type silicone substrate. It wold be possible to
3% form the CCDs frowm n~type implants on p-types 3ilicon, but
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1)

id

15

s
[$1]

%

$oed

fad
H

the wavelength responss for such a 0D will be
unsatisfactory. To gbitain the reguired wavelength
sensitivity p-iype implanis on n-type silicon need to bs
used, Rach OO0 gate ls formed by a layer of meial
$ilicide 182 over the channel implants 101 {(siligides of
metals such as platinom or palladius are suitable). In
order to prevent odge leakage from each gate it is
pefessary to form guard bavvisrs 103 at sither side of the
silicide 182, These guard barriers 182 are formed by
n~type channel implants. Purther, Lo separabte sach LD
colunn 101 channel stop diffusions 104 ars reguirsd.
These are also formed by n-type diffusicns. The guard
barriers 103 and chanvel stop diffusions 104 take up space
that would othsrwise bs responsive to IR radistion, and
raduce the 111 factor of the CCD array. Overlying the
LCD array will be & dieglectric laver {(not shown} and
metallic contart layers {alse nobt shown) conmecting the
CEDs up to two allternats phases of electrical pobtential
{dia. I, &ia. 2} for operaticn of the device. The
opposite 5ide of the detector array may be goated with an
aati-reflisctive laver.

The device gperation is divided into two modess; the
integration or detection mode and the read-out mode
vespechtively. During the integration mods the siliside
gates, and thelr respsctive overlying dielectric and metal
Iayers,. work, as infra-red detectors as described with
reference to Fig. 1, where the silicide is an infra-rved
sansitive ragion and the dislectric with overlying mstal
may act ag an opbical cavity of the detectsr in asddition
Lo ibs main role. The infra-red radiation coming from the
subsirate direction genevates charges in the infra-red
gengitive region where positive charges {hales) are
ejected bo the p-bype channsl, When the phase 1 is “on®
during the mnt&aratxmn mads, the chargss will accumulats
in the well resgions of the gates conpected o that phass
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and they will choose the shortest way to g0 to these
regions of lowest potential from the regions where they
were generated, The sizs of the charge packagwes
acveumplated under the gates during the integration is

w

proportional tothe smount of infrasred radistion falling
in their close prosimity. Thus an infra-red line image or
two dimensional image is generated from & one oy twy
dimensional srvay respectively.
After operating in the intesgration mode for &
18 predetermined paried, the gevond wmode of opsration is
Iniviated, within which thy acoumulatsd charge is rsad ont
Eo the gutput siage. During this mods, the devicge has
either to bz govered from infra-ged light (by & shubler}
to prevent additional charge generation thus avoiding
1% image “spear®, or alternabtively it is possible to avoid
the use of the gshutter by very fast transfer of the
shangss rom the horizontal lines into a sonventional OUD
array (pon-detecting) for later aslow read-oub. In the
read-out node the silicide gutes work as dunction gates of
2 @ junction CCn, The silicide~silicun Schottky Junction
behaves as a reverse biased p-n Junction and 5 used in
that capacity for charge transfer in the infra-red
Schotbky Junction QCI, Applying the proper phase voltagss
tothe IR 37 CCD gates we can tvansfer the wholes infracred
genarated image chargs to ths outpud stags. In the cass
of & two dimensional array the signal is transferred fronm
3ll horizental line IR 87 {CDs column by polumn, to either
a frame storage CCD avray {not shown), or & vertical CCbh
{which zan be sither an infra-red Schottky Junction CCD

2%
k%23

30 type or a conventional C0) which may then transport them
Lo an gubtput stage.
Referring to Pigure 3, the Fully Integrated Schottky
Array {PIRA) should best bhe implemented as a frams s
transfer architecturs, since metal-silicide Schotiky CCDs
35 in svcordance with the pressat invention can be used for
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both infra-ved detection and signal shift registers. an
array of IR-sensitive Schobtky silivide gstes for IR
imaging and frawe transfgr 21 is connscted to an array aof
non~IK-sansitive OCDs for frame storage 22, befors

5 ling-by-line read-out through a further OC0 23. For
achieving detector £111 factors close to 100%, the OChs in
the image part sust asbandon the use of H0S-type gates, and
use Schottky gates only. For the infra-red sensitive
image area 21, the SBchottky gates would be formed by using

10 low Schottky barvier height silicides such as platinum
silicide for maximum infra-red response. On the othsy
hand, silicide for the CCDs within the frame storage
area 2%, and for the read-out CCD 23, would be formed by
using metals which have a high Schottky barvier neight,

1% for minimal infra-red regponse and low dark currsnt.

By using Schottky gates for all sotive components of
the dekector array device, the FISA is sasy to fabricats,
ieading to high fabricstion yields., The lask of gate
sxides increases the storage capacity of the Schottky CCDs

28  compared tu gonventional burisd channel C0Ds, leadsz
automatically to anti-blooming behaviour, snd makes ths
devicve more radiation resistant.

Figure 4, &, B and €, in plan view {&) and cross
ssction {Fig. 48 is a cross-section alonyg line BB of Pig.
44, and FPig. 4C is & cross-ssciion along line C-0 of Pig.
42} the lsyout of 3 detector cell of the propossd PISA
device. Starting material for the detector devics is
n-type silicon 30. Soron is implanted across the COD
matrix. A 8Si0y layer, patterned between the £CD

30 channels, masks against the first boron chanasl implant,
while the silicon substrate 30 within the channel avsas is
uncovered by this masking oxide. This leads to a light
bhorsn dose 31 bhetwsen the £UD channels and & heavisr boron
dose within the channel areas 32. The light boron dose

© 35 aresa 31 willbe about a half of the concentration of the

foy
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heavy boron doss aves 32, for swawmple, although it may
vary from this. This distinct implant profils has two
purpoeses: (1) The heavy implant keeps the charges within
the CCD channel 33, while the light implant achts as &

5 channel separatison 31; {2} Schobttky gates 33 formed later
on this p-typs implant de not ansed guard rings for each
individual COD gate, since silicide areas may stretoh on
uninterrupted p-implanted silicon acrogs the whole
device. Channel stop diffusions of the opposite polarity

1¢ than the channel igplant, as used in conventional CCDs
jand in the CCRs of AU 780237}, ars not needed in Schottky
{Chs because of the inbuilt anti-blooming Featurss of this
type of CUD.  The light implant used in the present
invention is also infra-red sensitive - lsading to

1% increased detector £ill factor.

The gaps between adjacent Schoftky gates 33 have to
be made very small, preferably in the sub-micron cvangs, if
wigh transfer efficiency is to be achisved. Schottky
gates which lie directly on silicon, can be separated hy

20

spacers 34 of grown or deposited silicon-dioxide (8103},
patternaed by slectron-bean exposurs, X-ray expusure, desp
UV sxposure, or cther patterning technigues leading to
sub-~micron wide 8107 lines 34 across ths COD matrix
perpendicular Lo the COD channel direction. Netals having
2%  low Schottky barrisyr heights such as platinum on p-typs
silicon, form platinum-silicide (PLE1) only on expossd
silizon and not on 8i0y, and the PiS{ Schottky gates are
thus separated by sub-micron $i0z-spacers 34. Other
metals which form high Schobtky barrier height silicides,
3¢ would be suitable for the CUD mabdrix 22 {Figure 2) as
Erame storage U0z or for the rsad-out OCD 23 {Pigurs 2). 2
€ the Schobtiry CC0 is suppossd to be operated as a
bwa-phagse OC0 shift register, then the OB p-typz channel ?
implant needs two distincet regions under each Schottky
gate for a unigue chargs transfer direction. This channesl

ok
£
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implant has Lo b aligned sxactly to the sub-micran

Schottky gats spacsrs 34. This sevond p-iype implant
leads to three distinguishable p-iwmplanted arsas; s light

implant 31 bstwesn the CCD channesls 23, & madium

]

¥

% implant 35 for the chargs barrier sreas within ths channsl

under sach gats, and a bheavy inplant dose for the chatge
storags arsas 3% under esach Schottky gatba.

in erder vo lowey the resistivity of each silicide
gate strebtching across the whole device, an aluminium
8 layer 39 is patterned as stripes over each silicids
gate 33 on top of a dielectriv layer 37, interconnsciing
the PLSt gatey of the same phass through contact
holes 38. In addition, the dielectiric layer 317 acts,
together with the aluminium laysr 3% on tep of it, as the

et
5%

optival cavity, enhanving the detsctor guantum efficiency
{(i.2. it provides an optical cavity and reflsctive layer,
designed to reflert photos of light back towards the
seation layer}. On the opposite, radiation receiving side
of the device an anti-reflsctive coating 40 may be
28 provided.The advantage of having unintercupted silicids
gates 33 lying on upinterrupted p-implanted
silicon 31,3%,38 across the satice width of the device is
that the PtSi Schottky gates dv not need guard rings for
gach individual pixel, Only at the edgs of the CCD avray
23 & structure iy nesded to prevent efge leakage current and
sdge breakdown while the Schotiky gates 33 are reverse
biased during operatien. This leakage purrent can be
ceducad by imgplanting a shallow n-typs laysr at the end of
gach Schottky gate at the edge of the array into the
p-type channel implant, or by replacing ths low Schotuky

barrisr bheight P81 at thes snd of each gate by & mekal

~

$5

tap
Foe)

silicide having a high Schottky barrier height on p-typs
sildcon. The silicide gate edges facing the silicon
R

dioxide gpaver 34 do not need guard Tings, since the gates

wmr

33 are only separated by sub-micron spacers,. and thersfore
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form overlappinyg depletion regions when reverse biasad.
The operation of bthe image part 31 {Pigure ) of the FISA
ig divided intn two nmodes: the detection mode and the
frame transfer mpde. During the deteviion mods the

5%

Schottky gates of one phase {s.g. dia.l} would bhe vever

srEe
blased, The infra-red radistion coming from the substrate
er

£

directionn generates slsotron-hole pairs in the mestal-
silicide layer, as dugoribed for Figurs 1. Elsotrons
which stay in the silicide layer, are absorbed by the

18 applisd blas voltage, while pusitive charges {(holes) are
giected into the p-typs implanted layer and stored in the
"huried® channel potantiasl well. ‘after the detection
aode, the phasss ave alternatingly pulsed, as in
conventional burisd channel COhs, thus shifiing the

stentlial walls and stored holss along the sSchotiky COCw
C : ¥

i

$oix

channels. This way, the whole frawme of an infra-red imags
1% shifted into the storags CCDhs 32 (Figure 2). W¥hils all
charges arse then read-gub from the atorage COD matrix
lime~by-line through the read-out €D 33, the next frame

28 of an infra-red imags is integrated in the image part 2%,

5 generalized provess for the fabrication of a

Schottky Junction OCD array in accordance with the present
invention may includs the following items:

?A "
p2 )
4
€3
Q
e

1. & first p-type implant step on the n-type s
25 substrate with no sask,

2. & zecord p-type implant to define the U0 channels,

using a silicen dioxide or photoresist mask to define the
areas of light and heavy concentration doping.

[PA

. & third p-type implant to define the p-type
coneentration profile within sach CCD channel, using masks
to forn the storags and barrier aress under sach Schottk
gate. [Nots that thisg is only necessary for two phase £OD
gparation, 2

is described herein. It iz alsc possible to »
have a £ ase devive, in which pass the third p-type
implan 5 t necessary, although four diffarsnt

phases of slsotrical potential are

[£3
4 8F L2
i
1]
ko’
e

5
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§. Siliﬁenﬁfdiaxiéa deposition and sub-micron patterning

to form subtmicron spasers betwsen Schotbtiky gates. This
subnission patterning wmay be carried out using such
technigues as slectron-bean sxposurs, X-ray sxposurs, eto.
5. Deposition of 510y or sif dielectric layer,
patterning of contact holes for sach Schotiky gats.

&. Deposition and patterning of aluminium layer
interconnecting all Schotbtly gates of the sams phase, and
acting togethsy with the detective layer as “optical

The present inveation cannel only be applied in the
area of IR detection arvays, but iz also spplicable to
Schotthy Junctipn £CD arrays in general and alse
photo-optic detectors oubsids the IR rangs.

Nete that the array in accordance with the prassant
invention may be mountad in a device having & lensg ox
prhey means for focussing radiation on the agray.

Tt will be recognised by persons skilled in the art
that numercus variations and sedifications may be made to
the invention as describsd above without departing from
the spirit or scope of the invention as broadly descoribed.
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THE s‘.‘thINS DEFINING THE INVENTION ARE AR FOLLOWS:

L. & Schottky Junction OCD array comprising a plurality
of Schottky Junction transfer gates on a semivonductor
substrate, the array comprising abt least two adijacent
linear CCDs, each CCD comprising a pluraliry of adjacsnt
Schottky Junction transfer gates, the adiacent CChs being
separated by a low dose semiconducitor impurity implant of
the same polarity as a higher dose buried channel implant
in the CUD channel.

2, & Schobtky Jungiion RCD array in accordance with
claim I, wherein esach Schotthy Junction transfer gate
comnprisss a wmetal silicide laver formed over the
senivonductar impurity implant.

3. A Schottky Junction QU array in accordance with
claim 2, wherein the metal silicide layers extend in
5trips gerosy adjacent CUbBs in the arrcay.

4. Schottky Junction COD arvay in accordance wikth any
of claims 1, 2 or 3, whersin adiscent Schobtky Juncti
transfier gates in each CCh ars separated from sach ather
by micron or less width gaps.

&. A Scholttky Junction 0D array in accordance with
clain 4, whersin spacers of silicon dioxide separate
adjacent gates within sach CCD.

6. A schottky Junctien COD array in accordance with any
preveding clain, wherein each Schotitky gate is of low
arrisy height, such that it is sensitive to infra-red
radiation.

&

e

. & Behottky Junction COD array in accordance with any

o

preceding claim, wherein the array is provided with an
anti~reflective coating at least on the surface which is

arranged to repelve incidsnt radiation. *
8. & Bchattky Junction CCD array comprising a plurality

of Behottky Junction transfer gates on a semicsonductor S
substrate, the array tomprising at least two adjacent

linear CCDs, each CCD comprising a plurality of adjacsng
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Schottky Junction transfer gates, sach Bchobtky Junchtion

g

rransfer gaty vomprising a layer of netal silicide over a
semiconductor impurity implant, the metal silivide layers
gxtending in shirips scross adiacsnt CUDs in the array.

g & Schottky dunction OOD array in accordance with
claim 8, wherein adjscent CCDz are separabted by 8 low dose
semiconductoyr impurity implant of the sams polarity as a
higher dose buried channel implant in the CC0 channel.

I8, & Schottky Junction COD arrvay in scvordange with

claims § or 9, vhersin adiscent S3chottky Jungtion transfer
gates in sach COD are separated from each other by micron
or less width gaps.

11, & Schottky dunction CCD array in sceordanse with
claim 10, whersin spacers of silicon dioxide separats
adiacent gatss within each CUD.

12. A Schotthky Junction £CD array in azesrdance with any
of claims B to 11, whersin sach Schottky gate is of low
barrisr height, such that it is sansitive o infra-ved
radiation.

i3. A Schotiky Junsbion COD array comprising a plurality
of Schotiiky Junction tyansfer gates, on a ssmiconducior
substrate, the array compriszing st least two addacent
lingar CODs, each 0D compyising a pluralibty of sdijacent
Schotthky Junction transfer gates, adjacent Schottky
Junctien transfer gates within the OCD being S&parﬁteﬁ
from sach other by & gap of & micronm or less wide in the
dirschtion of charge bransfer.

14. & Schottky Junction CQD arvay in acgordance with
claiw 13, wherein the gap is of sub-micran dimensions.
5. A schotiky Junction CUD ray in accordance with
clalms 13 or 14, wherein adiacent OCDs are separated by a
low dose ssmiconductor impurity implant of the saume
polarity as & higher dese buried channel implant in the
CCn channel.

16, & Schottky Junction OCh array in agcordance with
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cladms 13, 34 or 15, wherein sach Schobtky Junction
rransfer gate comprises a webal siligide layer formed over
a semiconductor impurity implant.

17. & Schottky Junction LU array in accordance with
claim 18, wherein the metal gilicide lavers sxtend in
strips across adiacent CChs in the array.

18, A Schottky Junction OO arrvay in advordance with aay
of claims I3 to 17, whersin spacers of gsilicon dioxide
separate adjacent gates within sach QCh.

3. A Schottky Junction COCD array in accordance with any
af claims 13 to 18, wherein sach Schottky gate is of low
harvier height, such that it iz sensitive te infra-ved

radiation.
24, A Schotiky Junction CCD aryay in aceordancs with any
of claimg 13 to 18, wherein the arvay is provided with an

anti~reflective coating at least on the surface which isg

grvanged o recelve incident radiation.

2l. A frame transfer Schobtky Junpiion CCD arsay

comprising an uppsr arvay and a lower apray, the upper

array comprising abt least twe adiascent linear COPs, sach
on comprising & plurality of adja