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SEM CONDUCTOR RADI ATI ON DETECTOR OPTI M ZED FOR
DETECTI NG VI SI BLE LI GHT FI ELD OF THE | NVENTI ON The

WO nwentizen is related to sem conduct or radi at i POT/FI2006/000058

detectors and particularly to a sem conduct or

radi ati on detector having a nodified internal gate.
BACKGROUND OF THE | NVENTI ON Radi ation is converted to
el ectron hole pairs in sem conductor material. In

SHVACERBLE ORI AT AR PR CTO (AN i pETECTING

tVIBOE L.HeBdl ectron hole pair that is measured is

referred to as signal charge and the opposite charge

type is referred to as secondary charge. Patent

appl i cati ons PCT/ FI 2004/ 000492 and PCT/ FI 2005/ 000359,

ﬁ%: &E cor orated_herein by reference, disclose a
MQ% detector having a nodified

i nt ernal gate (MG@. This detector is herein after

rBieeinvedtibn iascltel @nﬂ&bﬁ@iﬁ@?ﬁ radigtidf @eﬁb‘étcﬁg ta‘ﬂﬂ dpeﬁrncularly to a
s.athic
sugg‘f r ac{ué %ﬁg&g%f) tecgg(?{r[hfwlilg/@ R 4‘)@?8 gg ck5| de

of the device. This conductive backsi de Iayer has
K GRAIINDHOF THEANVENTI@Noper |y bi ased it enabl es

full depletion of the thick substrate, it transports

TRl SRGP NG abYn GdlRiddes BKERLA eh@)l'%e p%ﬁrﬁ' e Rhfitoiudtdt® material. In

devi.ce unctjons as, a honmogeneous
ﬁﬁapaqnﬂﬁwgﬂgﬁeﬁwwrd@&ﬁtorﬁ}ée FeeBR Ol BT ars spRRpted by an electric
tfesiéf The .chite wref@ttﬂlegeleeur@ﬁ ﬁ»’@l@ pairgast i‘safhﬁﬁlred is referred to as

SR R T Do B R el B Pt

read non-destructively enabli ng the signal charge to
Haterda@pplicatiqaise RGHES2Q04/0004%d sk B TE/FrIéaGS/ﬂﬂD%Q which are

bfdte’c[“ Hb%&fno'?) %felfé}% el rH1§b15‘§é“%19 %E‘ﬁﬁ’#ﬁdﬁ@fﬁraﬂdﬁ‘tmn detector

et ection

‘S@ﬂ@i’gr Ao dl’ﬂﬁ’(m%lng%t? (D B Agipotar i herainfter referred to as
phe IVIEG &&twtbf] ’Bheg OOIG elRedcEr Tsebadkuiliv@Rinattdeadd htCKas a thick fully

8plats? SRMEHES el o iR icBo Rl oria e e ek &ty dovice. This

@bndh@nra ’Glailmcbdlager has {hred Breliloys hwhbn lesi mbpedy biased it enables

E%&)létfbtnr 6pﬁfecﬂl§d%1éLﬁ)§ (flt ﬁ'&’?s ?ﬂscthg% rg(fal& %ﬁ&rges outside the

ate is a few ers
@étléetaé@a ohrthe eyicedand it ﬁmcélens /g Pparini mmegeneonaygdlatmn entry

fWiaab WO WHeOMTEJd B B F 88 inesh 8‘ bé&@n@Vrhe stdake néf%d charges can

to ne

hot ons f m ul travi ol e
P CteRREed 2 the S Ghaftie, Heh PEdVdes 8rsiall Kefle current noise.
ﬂéfeeslgﬂai tlrgs caadeatdadnndmrdestaetived) ebﬁalﬁﬁge ﬂléJ.\z’lghﬁEcharge to be

%@Eﬁ‘ﬁﬁﬁ{ {% %%ﬁcﬁ»,af?d@‘femaﬁ e:rgzg L be,ﬁqq];pﬂ[hr%l&atmn and the thin

hagegeneeusihidisiiom eatrg ytdoins enitils ¢hb ehtion dthstsallow penetrating
Irhdihtion f?ﬁcealo‘é&f3 EXerBlIX @h{EAHA Pafik 18R AEodk! dfePly r¥Rlution. The

tthE L%uﬂy depleted substrate enables the detection of deeply penetrating radiation.

The substrate material of the MIG detector is preferably high resistive, i.e. almost
intrinsic silicon and the thickness of the substrate is a few hundred micrometers.
Such a MIG detector can be used for detecting particles, X-rays from low to
medium energies (~100 eV - ~10 keV) and photons from ultraviolet and blue light
to near infrared radiation. Near infrared radiation is here referred to as radiation that
can not be seen by the human eye and that has a wavelength below 1.1 um which is
the detection limit of silicon. Near infrared radiation which wavelength is close but
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mcroneters. Due to back-illum nation, due to the
thick fully depleted substrate and due to the thin

w0 a@7ari2én entry wi ndow the M G det ect or has hP@IFI2006/000058

quantum efficiency fromnear infrared radiation to
blue light. Due to the thick substrate also a
phenonenon called fringing is eélimnated. The fringing
phenonenon is a problemin detectors having a thin

%égé&/r i€ 1inhi? Q \%g% %ﬁ%oz{t%phgﬁo@ bt v&a ol rs{’i‘]:g(godq, Yo hundreds of

ratronis re es pet
afﬁ%fr%@@I@f%lDIﬂ%l&bba@ﬁ*ﬂhh@md@O@,cdlm topthe dhiekifully slepleted substrate and

Ethﬁo tdetle ﬂﬁﬂ%aﬂﬁat%‘“@ﬁ&?dwﬁﬁﬁcﬁﬁfﬁ%em Qfe‘té&{)f‘shas high quantum
ce th noonl ess ni cont ai ns

SEERnGY il Ao Bibion 1o hiha LBt Ds rbethigh substrate also a

\plﬁ:nbinenph afating fﬂngu@ ﬁc@ﬂlmﬂﬁterdeflpwrmgnng: 9%{1%1%&61{ is a problem
er, for near. in
ra | a : oﬁéﬁé\ a]ascpmv?l.ﬁégr Iﬁ éHFh @p{ﬁctqrﬁgp%ﬁg%r Jcn%gcu'ed radiation is
mefleeied imarnyytimes ’botwmethe frartmad taok sullzfatesr‘dSthblc@tBﬂtc)r before it is
ta@?%%?o% ?ﬁﬁ% rhvl/agnté’ g on\“%&énc@ e@é&eﬁf_ﬁ‘? %Inég d[hjg 8ﬁﬂass night sky
FoaRIRH At %@@em ek Aft magaitydevangres mgartingragest pbotoss than visible
qﬂlolvmfsl %ﬂcﬁ‘ sin'c? hhe |r8ﬂ§dtidr§@6bfﬁ@§%@ oggfr% h?at&ge% qg"?ﬁuch higher for
PR P B iyaG oF vt et B0t estancedthe auf e tont foliage i
\teesto sfmr tlmepdngmb ghe d‘VIIS(Gr‘KHtedeir/ lis &eppicielp applitAd€ to low light
'd%té%lt1‘8ﬁ nérﬁ%ﬁ ﬁtaegﬁ%% results in too big power
Si s

consunp tive silicon substrate is

e enS|ve and it is difficult to process, which
rw%geﬁeﬁ@fr@%ﬂlﬁt beweayers osite very ivselhifentlt fétectibn of visible

th(gh@ ansidiebn tHaSed Qﬁﬂb'ﬁlb'c%ﬁsmﬁf‘a I#&toRY 861 fife! f'oﬂBWn reasons. The
ﬁ;@ o o o dtng

t he I de throu
SRRt ik hsiratensaissbat st A deweiss of volts. For a portable
gonstiumés d@mcé\shdﬁ aoioltugbiﬁs @enelyatdooni gﬁtﬁﬂdeﬁtreslﬂts in too b1g power

SR D s oA o g 1
PErccadl & t;zhnmnwsemipﬂ kufmmgleosmdt inglsofdiffilt to contact the

@Sh&‘fétﬁfe bé(%k @Ed’@‘ﬁrygr Il%ﬂ'c;ibﬂfs Fi%o ¥hPo% ﬁtt)ggle tﬂ?(g%%h the thick high

snar pness O SO rre
§?Sf‘&%tg %?@SH]&’@ | Wiich W@u}élbb@) impartant foremass [pr@iumouf A lot of bulk

igbrerddibr Cublentidpdieatsd G dhe glick Qﬁﬁ '@l@ﬁfetécpsﬁs'ufafe Ei%hwh is likely

h
TN A e
tie dttectrdma\ls dmwesvem 0bl eswllycpossitde. allie @hﬁph@ﬂ @Eﬂiefhm?efges is also
I Cr o
E&‘ﬁe{v}hgpﬁ déérl giél%%ln\flgl% @ﬁ%%{gﬁeoéﬂﬂ&%] qbenb &féhe detector
pad ghe slgnalsclnarrggs haye Iiﬂadﬂﬁsaalqngt wahdetora they a:dxach the front surface.
F@P&hfsaie%s&? raldd $hPhiSe |dfg$Eloﬁiletfﬁfé é Q)B Henﬁﬁa?glcf%f of I?ﬁe device is

th| substrate one could use a't arou
396‘ | ess than 50 nm substrate |n a back thi nned
M G detector. A thin device brakes, however, very

dhsiattgnaatibn tlepth ¢freesl light in silicon is not more than ten micrometers. For
blue and green light the attenuation depth is even less. It is thus not necessary to
have a thick substrate for visible light detection. Instead of the thick substrate one
could use a thin (typically around 10 pm and less than 50 pm) substrate in a back
thinned MIG detector. A thin device brakes, however, very easily and it is thus
necessary to perform the back side processing at the end of the manufacturing
process. There exist two possible methods to do this. In the first one the front side
of the substrate is attached to a support substrate after which the back side of the
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necessary to performthe back side processing at the
end of the manufacturing process. There exist two

w@omsioli2e7 met hods to do this. In the first onePCT€12006/000058

front side of the substrate is attached to a support
substrate after which the back side of thedetector is
thinned. In the second one the back side of the
detector is etched only below the active area

LNENg s ' i cker, suppo, area is.
BR800, 154 S0, ok Ry BB i e ony
Rl dhe jagtive aresceantaiaing e pinelsfandr tisckis supposisatads left on the
issdds Bf t [ IS t:hi: . Thi ct .
sl of shednator o oo 4 it 005D Gl I o i
HEECSFEZe}S. ﬁp’éﬁﬁ oo ther Beds sidg isethynnadi Thie daciccomplicates the
e cianEaybOceablictugated QUENIN GBI S o very i
Sobuch WhdOSR G bR BOS ahiobh e isiesey ot hi light therc
teHEs LT dWaupessitde bproksisde thaty are Blﬁt&lﬂ@éobl)mhﬁpbﬂﬁbﬁﬁbﬁ.r In the first
r - t.ur npeal i st ep. .
D4 A oy b BRI ¥ ol PE T Tl which requires
kanpgrafise ppaeateasteny Allmgaterialssthahareeusedhimgtherfront side of the

el iden ke Oheé) nekd1aR; V&9 H WoChoidt -

g mg ohi Bt S tggﬂﬁﬂ@,gﬁﬂﬁg%@%& l{lgrggl?grflgitt@ﬁg%mgﬂehﬁn the annealing

éc mﬁ‘F‘Fﬁ; iihe g t%f&%g?llésc the: §5¢ Qtemanyiimaietials thattare common in

swicgrateher it likd AlumihayerIn the degifd fRthda IR 19R%Ks deposited on
we

' : Vi t .of dark current is, however, .
R T okl e
hebveanethe wostlnetiee kaydr and thelsubstratesappiresslet: 1t Suppress this current

cUbli@Nis 16QQlrkMg i s required. There exists also an
i nherent problemrelated to the conductive back side

11% er _i.n gagse the MG detector is used for visible
I éﬁ“t eYselE? 3R Inheregt gEeblem tedated o hellcpniudtive badkeside layer in

aamﬂleOMI@IWdélﬂailg)e ipreee Itrfbly vlislﬂﬁeSﬁ dHt%étgﬁ. gﬁ ibcgd&ggo dHQtect badly
r arge_optical. aperture used.

MRb e 8% B o AR bR e oftBs 6By bRbio PRdarge and a
ktrge optigatapentere basitecbe usecbdn !ordérd:le Hasgellsdasod ﬁuﬁlﬁum efficiency

t 1 C - sq. very. bri . .

gﬁ Iglg’ﬁl{%é‘lh(%hft cti%léjggicl:on glrey@%g(gérlgé I%Kﬁr?réaﬁt toybg Weigre%hm. If the image
FORATDS ¢ $q]V@1!yebrég;ﬁcﬂy@qq, wdobat keavinderyl alyeege clitrent il ®e running in
ther domdbicti v Dadlgsiie 14yRe. ?H@Fb&*gé bﬂﬁeﬁ%hﬁiof%%ﬁ'jtgx Sbnd@Me backside

‘ smal L thi ess ‘and th arge area )

Ead R e il VRGeS0 e d it arpi o HbowsoBductival bacgeside layer

ressitsnj heweodn agmg@rmpisti:vi: tvbﬁa(gj@ ﬂ%{:}j i ﬁﬁ:d&ﬁfdtﬁﬁﬁivg %ack side layer.
. ve Vo e.dro eqr ade e | nmage i

0TI Solg) A Ssel UG E 008 CUSRPET i deed 8 atrncion

‘é’%@écﬁegqqtgr > especkadlyidttee tetecios iseery thivi.n.  Anot her

problemin the MG detector is that a relatively high

AablRYBrolsemeal istfg: 51 124 Berequi
s gre A a; I L L&{h%qglthieﬁé §1{1 is r%H%t ?g%g@?lgqgélg;%pg&ge is required to
ot P dgodn g MIh stseialipdt Righahynamic kg is desired, i.c.
ifl @sliar gedsigitelt cengs bayaciyost! ©BNISGHE desirél, SPEEAAEESpioBfem is that
1&1?&% bg%s%etigglaagﬁ fo%ct%e arface tg%ger%?edd esull glaélrliﬁﬁc?l;rggiz should be
improved in MIG detectors.

=30

BRIEF DESCRIPTION OF THE INVENTION

An objective of the present invention is to provide a semiconductor radiation
detector comprising the modified internal gate, in which the problems created by the
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i mproved in MG detectors. BRI EF DESCRI PTI ON OF THE
I NVENTI ON An obj ective of the present invention is to

w@e@viogesa sen conductor radi ati on detector coP@EI/FRIGH0005S

the nodified internal gate, in which the problens

created by theconducting backside |ayer are renpved.

Anot her obj ective of the invent4on is to provide a

structure for a sem conductor radiation defNﬁ_ctor A

CRRLES] i £ ' al e ) i C e .

s n,{albéllé% grakgﬁggﬁ ger %%elger i é{gﬁ%?ﬁ 98%%?4&(& t%‘ef tnvention 15 to

BPYEl§e styegtuemnrire seraisioadugtor radiatiore deteetortdommprising ¢he modified
heyhal e s whecteHeanseal G SERA B LRI &S udif L3681 voltage.

0 eraiigedg@aj}zr es],rfe d.lgi nal ,gc%ﬁarges. ?‘Re %%Jgé)?lﬁ{/es vo age
handther izt (&?tge ARYFIEPRAS i PROVAde mieaas feeehance the separation

reddhasirdacedginecatod chadgies And eivpil slesgas.bul k | ayer of

sem conductor nmaterial, and further conprises on the

i ; l.ayer .in the .follown -y
o RARER I T Bl TNt g maion
6{“%3&?@ nahiebneRmaprises ¢ bylke aygr bf_ﬁr séraicondyetor ahaterial, and further
wofipHas el Be Mist bifsde 6P ﬂ‘%@‘ﬁl&l’k\’l'agé!r AL fogfb‘é:pﬂg.’q‘%herz a modified
dopi ngs of  sem conductor of the second conductivity "

t‘?z‘%é‘} £Aplayar of spmicandyrioy af segend semdudsivetypiype) a barrier layer of

voini apeluttorafdast tenducaite tphesind piﬁélr(ﬁﬁﬁﬂgé_jbf‘%]rﬁ&onductor of the
ice.i.s characterised. in that it

E%%*%ﬁ g‘glg‘magahfsvii?fl&%égﬁg%?ﬂ\}Pt";’F copRleflj tosat legpk que pixel voltage in
{OKdaT te Aireptpipicedls votresppading @ pateddpiaks.ditid dé\fie@% %haracterised in
| ¥ ' . cont.a . AN .
iﬂ%et\ﬁgﬁ&nbﬂ%sgér ﬁl?ést cgﬁﬁ*ll&?‘g?}ngr tgg,?rslg %&é{ﬁ%%te S%i@aﬁ Ls@u@%gl voltage is a
Retendg 'éfér@,n% hetveat died Pl flepéng and Hbe Hirisk cbataet, and the bulk

tpeoss be firet fype, and He GeWitaEBes Rof LHABALE Véh BACKo §8face of the
Si de

‘ I d t t secondar har’ges ou
B avkf Tipplie o thE S Eaustee ahdorssitvpodiak Pidackonhat would
trensparbdecnidany ehtirges veunsidw.thd hetivevesd ioPihé YehaseshPrhat would

i vV he, conducti ng back side | ayer
?Ltr&g:rtrl:otﬁ%% ﬁa&[aﬁ@eé(%&qqow_s realised that the
condary charges generated in the bulk |ayer can be
i@P IRYandion; is hased on éh@deia\xé remeaigythehamdettisg bpsk side layer from
thesMEEH defecttsti T0iRreaBReY %dtvtﬁe%%ﬁélagg élfé}‘géﬁqégﬂerated in the bulk
ransporting.them outside the active area. ) .
%‘é’ﬂ gﬁ{lil%;nc%lﬂecttqug]lg% © oAU AFefe By fahgpnelhetopeilirstead of using a
tanydactivasbatksidee lagdri for &faﬁ?d‘rﬁﬁ behehtirdiGitle | Y Q¥GYe area. The

' b h st, t { hat
EUER8 T 05 M) B R Db D A b cm e

furtheg émpraved yagapsanfthe MIG ﬂdwnbn;dbgdrenf&%tﬁubﬁﬁés that are properly
i nat s, .however  from

ko, ook g 89455t BT 0SBty i o
QR {lapmy npyelnMI& dateeiasrsuffars,t hewevanaton harayesiue response

betueenft ihe Ml@WiﬂgefagﬁnThé lhﬁlr%éh: &@geﬁ fbﬁﬁyfghﬁa?@ﬁéf %or fhe signal
s Voot TnERRE RS ah i rcb i dbe Rasica. Baeglaght is absorbed
mainly between this barrier and the front surface of the detector and thus a large
portion of the signal charges generated by blue light is collected by the pixel doping
and not by the MIG. By realising that such a barrier does not exist below the
channel stops and that the channel stop area can be used as a radiation entry window
and by further realising that the channel stops can be very thin and that the channel
stop area can be very large in size, the blue response of a front illuminated device
can be improved significantly. The large area of the channel stops reduces,
however, the signal charge transporting potential gradient in the MIG layer under
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portion of the signal charges generated by blue Iight
is collected by the pixel doping and not by the MG

w@oweai28si ng that such a barrier does not exi BCT/BED@VW00058

t he channel stops and that the channel stop area can
be used as a radiation entry w ndow and by further

realising that the channel stops can be very thin and
that the channel stop area can be very large in size,

e AT, e o B T 5 oo e
Sgps qhmwn teoinepronved tiyea strgetated; hiar by a diaosminnious MIG layer.
N b 8 stlo bl U MR HOASL e (ORI s, i

t ONS Is further re
3\42@. layer o dRsthsr bilkglayre next i the Ml Gelayernan der to improve the
: pmélﬁm(gr@c%ieﬁt &hﬁ@pii.rtki).ﬁ Qlile isi.g?la% @Maligeﬁi Efﬁf%tfgﬁﬂpﬂﬁln%%ed detector
B SoriAR) SceR it Asmesrcani g dbe bifk eamcbovrehecdiebpy the channel
stopsrinside thelaktiVayeem, ard/or by 4 fibshdatd ¢antsst dimﬁwdd@jtsiﬂle the active
[ n of ki t he .si.gn
B Bk RIS M BPGE I P BRBCKPS 05 iica on e
$dge o ks detpelog 6Bip oraen theebaghside af ¢ detettoe chig.k can
be coll ected by the channel stops inside the active

alteasigARIdIR gdtycah BélREak&! BsingiAGta ﬁhgﬂ' a@ﬁg%@ llbg/sei fucture where
tﬁe actl v&gagea. orl t he )gront. Si de” of the det@&ctor, .

PO Wythe bt layer @ ke, Eirsts poricEnigniypRea deged gegion of the
tsheonibe@mtuctivithitppoor mtodahﬁedmgtibﬁ :0@ Qh@gaﬂrié_? 18k @liét 8bping between

an _be, cl eared.usi ng o a .

S o 1 300 210 L PSS 0B e dopin o
tsaeanbqaonday@mtmftypm er by rasitrmunhémith@retiy parenchidptdeen the MIG
88 b Rhg A t‘ﬁ%qﬁm QEPRICHE Wl Hef*tgétgi. B4 @v]{e&é%lng%tﬁ controls the

k@g’%c{tmn of the parrier layer ne pi ng be _ _
pf gignphehargey frgmy themodiried intsarad patecBidutet theipiyel doping or to
iy €romo dugfapd %€ the ABteteorofhre@aP itk A6PEIH BddiYi ivi
lg eatﬁr”uﬁt rzwv\hﬁrgt ere ilgg}g %rﬁnthage%ahtgg sie}fgﬁdM%gnc.luctlwty
PRsa Ao fhe Tielcl stiuetigs fr Sropgh digfosal sediictignrarthe barrier layer
doginghere a gate controls the flow of signal charges

fromthe nodified internal gate |layer to the pixel

S‘%ﬁgi aPdiionCof fife {iGAAT cﬁﬁ%é@ﬁﬁ%‘yf &Q%uﬁﬁ%g gg%liaﬁi?%gg%%es can be

d pﬁ&ﬁneglon of" second conductivit '
{RETQednon instapes by e dppechiegign afHbe|sseend cenduativity e situated

bbsvdr e batrdetelaydp Rindd thel FRorteRafRL! 80 RE &éﬂ@ct@%gﬁlaﬂ)y a gated
gﬁjgﬁglg&z and of the surface generated charges can be

d for instance by a doped region of the second
conductivity type situated between the barrier |ayer
BRIEHRESCRIPTSON @FeTHE DRAWENESS or or by a gat ed
structure. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1

H%-LlSt rat ﬂ%sﬁ%t@s@?&hﬂ@@i’in&{t) oF g in@%ﬁﬁbﬁ on, Fig. 2
i g sc

ustrates an alternative biasin éne of the

lc:\em' conducﬁor radi atj on . o ‘
1g. 2 1llustrates an alternative biasing scheme of the semiconductor radiation

detector presented in Fig. 1,
Fig. 3 illustrates another embodiment of the invention,

Fig. 4 illustrates electron potentials of the detector presented in Fig. 1, which
uses holes as the signal charges,

Fig. 5 illustrates electron potentials of the detector presented in Fig. 2, which
uses holes as the signal charges,
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detector presented in Fig. 1, Fig. 3 illustrates
anot her enbodi nent of the invention, Fig. 4

WO doastn28t es el ectron potentials of the detectPCT/FI2006/000058
presented in Fig. 1, which uses holes as the signal

charges, Fig. 5 illustrates electron potentials of the
detector presented in Fig. 2, which uses holes as the
signal charges,Fig. 6 illustrates eI ectron potentials

Heifhe s g ueSFFRESnmeyetil B it daiCelr piesearo Wabie. 3, which

enbodi mentuse$ holes ashesignahchadrggs, 8 illustrates the
sem conduct or radi ati on detector of Fig. 7 using guard

gU@t ur ey kirfes 2eﬂ ad ltfﬁ‘ér e%ﬁf?&dl@ie’ﬁm# &{1% ROL i (%ﬂ al s of

detector pres nte uses ndl es as
BQ glgnal charges, Fig, 10 |IIustrates el ectron
dedit i al J1lBstrathe t%fs@@mndyﬁ@gerﬁd@aonrdqtc@or ®f Kigi ¢tusing guard

uses hol estgtdrbg signal charges, Fig. 11 illustrates
four pixels of an enbodi nent of the invention, Fig. 12

Tk 2 Sl i Bk Rl B SRRl g 7, wich

det ect or ptsesbaleedsitlne figgal dibrgdsi g. 14 illustrates a
cross-section of the detector presented in Fig. 12,

Ry n%oldS ' |111H§Ht@§ %CESH opﬁlley %te@?i’??@se{lted in Fig. 8, which

di ment of e I nventl
cr oss- sectUsghi Staﬁéhf‘d%g@%ltfﬁ\afﬁsesent ed in Fig. 15,
Fig. 16B illustrates a cross-section of the detector

iigskint ed illustdtes foblp piXdlg of 48 enibodunthBdfede dnvention,
cross-section of the detector presented in Fig. 15’

EIRIA oo IREREPECEE pPeih 87 $aE} biBofmend STEC felion

errbodl ment of the invention, Fig. 17B illustrates an
&idolil nentllestraterea crasesectoon ofthy, detd®or presentedimFign 1,
enbodi nent of the invention, Fig. 17D illustrates an

@ﬁf‘%oﬂl Menti@trdiékea cAHSSREERSh of 18- de’cgd%ol‘ ]F]JCQ&&E@EI?FI?QQ

odi ment of the i nventl on, Fig. l'ustrates an

IRl mond!Gredictant pER ﬂwﬁq@tﬁ%%fﬁ%c'rcf“ of of e Tavenion,

cross-section of the det ector presented in F| g. 17G
Hig.1o/v1 iillisistesa emsa-sectimsofthetdetectaf prekentdd ieBigorn 5,
presented in Fig. 17G Fig. 18A illustrates an

FTDOBBTENG |1 @tratdlen ERHEERELRSh of the detector presented in Fig. 15,
Fig. 16C  illustrates a cross-section of the detector presented in Fig. 15,
Fig. 16D  illustrates a cross-section of the detector presented in Fig. 15,
Fig. 17A  illustrates an embodiment of the invention,
Fig. 17B  illustrates an embodiment of the invention,
Fig. 17C  illustrates an embodiment of the invention,
Fig. 17D  illustrates an embodiment of the invention,
Fig. 17E  illustrates an embodiment of the invention,

Fig. 17F  illustrates an embodiment of the invention,
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Fig. 18B illustrates an enbodi nent of the invention,

Fig. 18C illustrates an enbodi nent of the invention,
wWo-2@7/01281 1 | ustrates an enbodi nent of the i nvePCT/81006/000058
Fig. 20 illustrates an enbodi rent of the invention,
Fig. 2 1 illustrates an enbodi nent of the invention,
Fig. 22 illustrates an enbodi néht of the invention.
Fig. 23 illustrates an enbodi ment of the invention,
g, ilhustrates a mbodi t .of the invention,
ELTH%: 1%@ i |1:”ﬁ§"rf?t8§ &g egﬁa&?pge@i ﬁ@? ¥HRYOP%d i nt er nal
ate detector, Fig. 26 illustrates another enbodi nent
igt h&tgatidusirafash cnesdisectidn of ther detectgnpresdeteddn dig. 17G,
Fig. 27A illustrates a cross-section of the detectors

'8S ed ¥ i . i i . .
mgSET o0 e kel s 4818l bspegioge 1o

Fi.q. il.l.ustrates a.gate si | .nodified internal
g%gtel%‘gt edflptrates go e@%aim%%ﬁ%én%%ﬁer embodi ment
of the gate signal nodified internal gate detector,
Hiig. 181 i lillustratet es embgdimersti afithb invegitibhed i nt er nal
gate detector, Fig. 31 illustrates another enbodi nent
1ot PC gat; i e
Jope YT ARyt PRRCHLEC SREE BRsBB0S <1 cp of one
q_xl.)ss' l e dﬁtector rm]gi)fapturin process, Fig. 32B
iEust r at e5UYHECHIBEBDedERY ffthe Hvepbieni bl e det ect or
manuf acturing process, Fig. 32C illustrates one

figc2ks stilipstedteoneembsdiés dehe ahventiganuf act uri ng
process, Fig. 32D illustrates one process step of one

jl e [ rocess, Fig. 33A
?jl?g?s]l r at ggﬁ%ﬁ%@%ﬂg@g@éﬁ@%& Oggh‘gmeveﬁﬁggi bl e detector
nuf acturjng process, Fig. 33B illustrates one
iEcess stbpsttessppembedionns of shetntventionnuf act uri ng
process, Fig. 33Cillustrates one process step of one

Fig.sidl e dRieeley aBnbbakhettio ShOReaRSH,

Fig. 24 illustrates an embodiment of the invention,

Fig. 25 illustrates a gate signal modified internal gate detector,

Fig. 26 illustrates another embodimient of the gate signal modified internal gate
detector,

Fig. 27A  illustrates a cross-section of the detectors presented in Figs 25 and 26,

Fig.27B  illustrates a cross-section of the detector presented in Fig. 26,

Fig. 28 illustrates a gate signal modified internal gate detector,

Fig. 29 illustrates another embodiment of the gate signal modified internal gate
detector,

Fig. 30 illustrates a gate signal modified internal gate detector,

Fig. 31 illustrates another embodiment of the gate signal modified internal gate

detector,
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Fig. 34A illustrates one process step of one possible
detector manufacturing process, Fig. 34B illustrates

wor@7prneess step of one possi bl e detector PCT/F12006/000058

manuf acturi ng process, Fig. 34C illustrates one
process step of one possible detector manufacturing
process, Fig. 34D illustrates ohe process step of one
possi bl e det ector manufacturing process, Fig. 35A

P INE S EADAGHE TR CIEON- - S—

iproosstsy ates sinul ated results, Fig. 37 illustrates
simulated results, Fig. 38 illustrates sinul ated
rnesu , Fi: i ' a i Q. .
TR o fugiiley QePIARET EiTBrC0R pRfible, Tpiceldt nithufacturing
JTREPEt ed results, Fig. 42 illustrates simul ated
results, Fig. 43 illustrates sinulated results, Fig.
448, 32C USti[laﬁtﬁi@teﬁfblﬁ;gﬁSBe@ RePlof t i ipd¥aBld @BteckirImanufacturing
44B il lustrates an enbodi nent of the invention, Fig.
AT ustrates an enbodi nent of the invention.
DETAI LED DESCRI PTION OF THE INVENTION Fig. 1 is a
JGBedRADi c itlnsisates amtei process atepadif adne podeblc detectoshimznufacturing
istobdgferably thin and back illum nated. The detector

as a front surface 101 which is upwards in the
%avwg TQe back surface 102 of the detector, through i

B adildPsEHeR Aner Braogss ¢éareOf oone iposeblondategtori manufacturing

tgrecebsawi ng. On the back surface there may be an
optional antireflection or scintillator coating. The

k yer. of the detector is nmade of. .
s YR Rep eSS i oF EBnaustibla dgtopippemanutacturing
Pecdssy st and second conductivity types or vice versa

refer here to positively and negatively doped

881 TRANAUGH18EPateddnd gfbcﬁé(sc %;?/ei; %ﬁ: (%l%z ip%&éiﬁ{eaglgté:gtog ; manufacturing

negati ve charges respectivel ron
theCe&t ect or from the back surface towards the front
surface there is first a layer 104 of the second

dagdidA i viillysttatee onehpritess stdp bheoded bbby deRbR BAnufacturing
éﬁ’o@ess the nodified internal gate (MG layer. In the
e

VIC& of Fi g. 1 there are gaps in

Fig.34B  illustrates one process step of one possible detector manufacturing
process,

Fig.34C  illustrates one process step of one possible detector manufacturing
process,

Fig. 34D  illustrates one process step of one possible detector manufacturing
process,

Fig. 35A  illustrates a prior art strip detector,
Fig.35B  illustrates a prior art strip detector,
Fig. 36 llustrates simulated results,
Fig. 37 illustrates simulated results,

Fig. 38 illustrates simulated results,
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the MG layer. In front of the MG layer 104 there is
again a layer 105 of the first conductivity type,

walewgrased here as the barrier layer. On top PET/FI2806/000058

| ayer 105 can be protecting insulation |ayers and
conductor layers formng wrings, gates, capacitors
and etc. Patterned, preferably oixel-Ilike
i mpl antations 111, 112, 113, 114, 115 having the

co conducti vit are made in the barrier
ﬁgﬁe58105 S?ﬂgsﬁﬁﬁ &@dﬁﬁggb of the detector and are
|ater referred to as pixel dopings. Biased channe

skigp4dopi ndlestt2es sii2@atetidBsull24, 125 of first
conductivity type are placed between or next to the

migehe . Thagasiedimi@Rdefuiepr esents the bor der of

depl et1on region en a bras voltage Vp is
connect ed between the pixel dopings and the channel
KigpHopi H%Str@tﬁsﬁﬂ%ulé &WiEat of Fig. 1 the
depl etion regions of individual pixels arenot united

dfig. 4die bulllustraggesirslatddussils, t he same potential than
t he channel st op dopi ngs. The bi ased channel stop

A8 B8, RS h shDARERNATE R 0 The

secondary charges generated inside the bul k |ayer,
iFig: 448 coridlastyaten an geodimeniond hetdetentioni de the active
area which contains the pixels and it is not necessary

gl 440S palllusrites 88 CAMIRIIMefIGH B8 In@iHRInde the active
area. For this reason a conductive backside |layer is

APBARTERD BsCR O it BRI e Dl el

doping. The cut line 170 is also perpendicular to the
flfigni 1aadschbaviatis arbssceectiod dfta pehatiomtletectongwhidnisepreferably thin

n‘&%é&%ﬁ%ﬁﬁug&%@ ¢he ?l(efe%[br%%nfljoﬁ{ tﬁlf{iééefOPQ/htl%m I#ewards in the

respo

fdra‘é/ﬂng: ohfubagk, wr;faqey 2 |0£ the tiyﬁfét(nn threuglorichich radiation enters the
_Clglr?f&iﬂéﬂ Icftslr &Uwh%(ftﬁgc}]slt Iﬁg Fhé ydrig\gﬂi 39&16&@153&1( 's'ilril*ﬁbg thére may be an

Vot R B o 1o htnaltatoreoatiter g dRak diyarol Bhaf the detector is
dna;dleanf semxiandutive matesiabbf ahfirst zonthadtiviar tyeoThiehrst and second

or, to neutral areas .
pc%gﬁp%ﬁﬁ't etgﬁésg%rr eaé 6\265% éré%g ﬁgé}? ngTl v @/ gp% %egatlvely doped
TR edBICE@B, Wcl)'them ieatess uefvposiive and megptine sharges respectively. On

GHE fidni §1d%€t9 tﬁ@ el RRIrS? &R Re BQﬁ(e @&e%%&ﬁ&e Tont ¢ surface there is

oten erence between t annel sfo ng

Hfét @h@’%u 2)61 5161 5§60 copAuqtivily; types Whigh is lrlatb@ rf0110w1ng referred
ttbes ¢hé ﬁld‘d@ﬂié@ﬁlt@rnhhg@t% (MI‘@)H&%&“M tHe3@vieObEPtd. &l there are gaps in
THE MG Thre:cHF9RE of e MCETaer 3P BrEds agtiing L6585 105 of the first
p:@ndmm\aty er:@l; gymgnmuedlhme: ap tirebaeice dayst. n @pdefcthedager 105 can
t X ak)??tg{é‘flﬁg C%&Wﬁ%ﬂa@%ks ‘éﬂenéﬁtr gg@gﬁgﬁ i ggrse;f 11 ﬂ[n\g wirings, gates,

@&@@Clwréltaﬁdleiﬁ a bipolar junction transistor (BJT). In
Fig. 4 this

Patterned, preferably pixel-like implantations 111, 112, 113, 114, 115 having the
second conductivity type, are made in the barrier layer 105 on the front surface of
the detector and are later referred to as pixel dopings. Biased channel stop dopings
121, 122, 123, 124, 125 of first conductivity type are placed between or next to the
pixels. The dashed line 150 represents the border of the depletion region when a
bias voltage Vp is connected between the pixel dopings and the channel stop
dopings. In the embodiment of Fig. 1 the depletion regions of individual pixels are
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corresponds to the decreasing of the width 415. The
| ocation 416 inside the barrier layer is a 3D saddle

w@oion7f28T bot h el ectrons and hol es. The el ect POIFI2006/000058

potential curve 401 on the cut |line 160 corresponds to
the case when a clear voltage Vc is connected between
t he channel stop dopings and thé pixel dopings. In
this case the 3D potential energy mninmm412 for

I .vanj n he signal. charge hol a

DR R0 B e SR O BEnD Rl Syt chamnet sop
slopsagss eEh¢ obiasdd ahanaélestp Wopings babketi hllutheaeeondary charges

: _ ey : sin th
o e ARE 5k U Bh ORI uptepltR 1B L elGpdary charges
eEReArd insite the dully bavendes. Beeansiery ehargeharerasillesteshinside the active
GeR RasciRrRentanes ﬂie.?(?ixe@koﬁhdl‘gﬁ id fof Aeltseht ﬁﬁfraﬁ%ﬁ{r? tlﬁef secondary
ogll one shnghe u€| ed d&pl efjj on region 250, The pi xe i
& ﬂfg‘?@ SHude dhe, agiiks area higr s, GasRA AFORABCtAYQ paekside layer is not
ae@aredlhe el ectron potential curves on the cut lines
260 and 270 are shown in Fig. 5. Wien the potenti al

B TSI G DR RO SR s s o
el cdopingisThe cehlne 70 sredsporpendiaubar to the front and back surface
@haqt g@ﬁﬁ@ét@ﬁh@bhd%ﬁkl’ §to?lo<gcrpﬁ§$; ?ﬁ@%%ﬁo&%%&ztﬁﬁﬁéves on the cut

L.i 0. th t

R G0 i 6BTREPNINS e th geste WbBerl Srsveopestivity type is
ejiqm:anab meq:miachﬁ«blhdﬂclti:gy\r/tglﬁé(ﬂ pé ﬁ}:;ife:iﬁiéopl‘é\%%ﬂtg% Eilﬁ! Figul. The electron
PRFEP B0 GBSt % R 5 Svigbibbiratalins comrasponding to
ithe tdigfancer vsis. SO stwigoshonzonslppars ¢fo the potdraiaib ed:nkergy curves
b §pon-ahl% all %}eﬁra‘?@h@@ esﬁcgtg{lg '(e)lg&% &?fgspéﬁd Té% g?]gl;%fed areas. The

S dg of the_ device In otent
elﬁcer% poantial yave 492 eepesrands dotthe cweling 460 vadkepregents the case

\g&gie@ﬂ’th% %)tf)fdéﬁi?lh 'tlﬁﬁerleﬂgkfgeﬁ)%gg ?Hé gﬁﬁaﬁrgall sﬁig ‘E,‘?@gg %g\g pﬁleﬁ isxel doping
S W 10,10 o MRS Lot "thefin iy Tommecha thitce giraprsipnal (3D) potential
pacigydminineurra 4k2 os Hodest khich raYﬁ iﬁot&is;l chey Qlﬁtli is?étnal charges. The
econdary char ge, el ect rans

S 45 1 8, ) A L s G
Hothenelfegtive ehannehsddiheofie dield k&fechtansistos BETd @piasgsdecrease in
- ni ; is OX| . P tiral & :

s oyt s L EIE B s o
ewg?ﬁ@ fadhe Aecreatipg of dhe iwidind L ulle lagption dil6i ingide the barrier
1dyef N @38 salakde gteirit lfglebbt@t él@éh#@ﬁrdrgﬁlil(glég "gl%:éﬁgﬁgﬁﬁlg Itential curve
e .channel. s 0pi Ngs. : ,
401, I SBEAE g 30, ERERE; o sasa b Rlsebvoliage Ve is
semmastaidogween thelichanmel scgt dopings gai_d ithe ﬁ'ﬁ(eﬁ @opliPdOUs this case the

. t he et.l o
M)gﬁ)&t@ﬂ 4l %g:?.gy %r[@ug@ﬁ: Q?Z AP RoRR Y%ﬁ%l}eﬁ gaq%ﬁﬁ}em%nﬂ charge holes

I
re%gfe or [ . ayer 1s°f
gerelesteddry Bedquxeldonings i ke in the detector of Fig.
2. The operation principle of the detector of Fig. 3

Fig. pLesgeni eschiemdticd - créssan@ctién Cof " £SPRAEALEC thilf back-illuminated
?é?ﬁfc%h'dﬁ’&op Hd}gtlug)lll Getector having gaps in the MIG layer like in the device of
Fig. 1. In this case, however, the bias voltage between the channel stop dopings and
the pixel dopings is so high that there is only one single united depletion region 250.
The pixel doping 215 is a guard ring surrounding the active area. The electron
potential curves on the cut lines 260 and 270 are shown in Fig. 5. When the
potential difference between the channel stop doping and the pixel doping is Vp the
electron potential curve 502 corresponds to the cut line 260 and the electron
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of the detector of Fig. 2. The devices in Figs 1 - 3
are preferably thin back illum nated detectors. In

W biorodesect ors the near infrared |ight shoul dPGBFI2006/000058

filtered away in order to renove the fringing
phenonmenon. The detectors of Figs 1 - 3 can al so be
front illumnated. In this casdlthe bulk layer is
preferably several hundreds of mcroneters thick, but
on.the front.si t he detecto

t h | et
ieREd) Gy B3 Birtapads 1 e Sihine 70.\WheR i ARG difference
Ilmtweem tthe shamatel rs&qedermln dnal fhiel plgel ﬂdjlﬁngaarVé tife eleedon potential

ot B5alE S5 ALl i B IRBSCaBHl e s0

ccwtaSpgst twltlucuf line X7, Thecnenttad rm’e&51§cunnthel ¢wmves 503 and 504
| Q¥Rds mﬁoﬁ&scfé) Heenahp ﬁ%}?&oq‘fletl{b%&ra;l Qferahc?n {Heoinéhthnext to the back side

case possi mat eri a ayers
&f 1655 iny e ¢lgetkon Rotantial energy @5&%50% 3@ evigesponds to the

&mkﬂaéb atulle Tlaﬁé‘idwhﬁtdi i MoalBgby¢kerd lthes @90[@&1%@ diﬁ‘éf%nce between the
on

ssi bl e mater.i al y the. front .si
Gatrbd SioB fighings Ao s P! CRBInES oI Var f-6n during; e signal charge
detegratoors pefiod therel exis® inhthesarvad®Bya pbtengiak eaergy barrier 514 for

aL! &%Eﬁ@aﬂynélﬁé} etélgc s Ylf‘atairg cQlectdlf v hﬂﬂxnﬁhlksﬁ When the
dosi Rg° fosiet B o RS S

bac k-
melmaflfdlﬁfaretm@sbeéwg@t ﬂE@t élmam@l mp damugsaan@ rthen gu@ﬂ dopings is V¢

ttheret &Nikks QRﬁ hii¥CerRas fbﬁfri’é% ihayecupfe 5@43 aﬁ@ocﬁe Sé&fhdary charges

erat]on SUugG

3&?@@%@2& q%ﬁ%edt Fude %ﬂdéﬁerﬁi‘gm thy pigaak @Jﬂaége Anegeion period can

| flow ifrardy avtherdhadheiyidp dbpinlge. i nvention where part of
the secondary charges is collected by the channel stop

T R T —
IS&;léﬁon ter wdintigt datastor éla@mgt m@oﬂnnmmsl\/tié} tfyer 304. The dashed
defeess@rs i déil;ﬁ@ﬂlrg%ﬁb BorB8r. Ofh Bﬁlkbgi }%Elfoaﬁﬁg 9{3' this detector

the detectar o ector c |p e
FERANSE LN Iy ednpth@eﬂeteﬁm pOEmatlﬂ@sprmCéple of the
pietdcoedf FigaB ik lﬁﬁe@ﬁt@ mqﬁlg%laﬁﬂ it B@ifﬂestﬂﬂﬁ@ O ERCHp &aéen principle
Toﬁe[ e{ | %ﬁgp ci pl e of such detector is present ed

E‘?Q eglor l etion region boundary 750 is al so
depicted in Fig. 7. Fig. 9 illustrates the situation
wHendeviees im $tige dnduk tiev prefetaphe this backyiilnaindtetlhdetectors. In thin
Scfe@éﬂ%*rsc@l'édﬁ%' Wita¥ed i Y%ﬁt sﬁoﬁ’ﬂdt M@Gﬁlte}@@ a%b[)yﬁf ot A'%emove the

902 of |g 9 represen ectron
ERBLHIRN Q}Wm%@ncﬂ"t el detectorsoofnkigs Hl pe’h@&nr alse det fent illuminated. In

Rhisedase od Balk 1 @r fz‘stﬁr‘éﬁ:r%lir s%%ﬂa@ﬁﬁﬁ&%s 0P Iﬁl'&?ometers thick, but the

fion when nect
ebledisntetdbyon, ecihng e bPisueaor sroris JoNauicremeises thick. Due
dotthatthick b\ﬂkriaydsreu a5 ek ndogesagy fol filtes tlwone@cingthréd radiation. The

s htede VS o PUAE BRI 90 Saponres 1
s?élélmfle%@nnﬁomrxg% atolpt ilierse ciens leases, hedietllstor fgyers etc. One
t&ﬁbﬁlde ol thdtfh SRE MERY YINGHARLEL @h& 1WoRdiBle BRtErif layers on the
tbackmde of the bulk layer are not essential to the application and that in the back
illuminated case possible material layers on the front side of the device are not
essential to the application. In the detectors of Figs 1 — 3 the secondary charges are
collected inside the active area by the channel stop dopings, i.e. no conducting
back-side layer is needed. The difficulties associated to the manufacturing of the
thin conductive back-side layer on the back side of a thin detector and to the
operation of such a detector are thus avoided.
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secondary charges is thus collected by the contact
725. |If the doping 715 forns a guard ring surrounding

w0 b@7atBve area, the channel stop dopi ngs andpcherzbesldeooss

| ayer contact 725 can be at a different potential.
This situation is presented by Fig. 10. The curve 1003
in Fig. 10 represents the el ectleon potential energy on
the cut Iine 770. The neutral bulk |ayer and the

n Is ' i fferent .
potchi aFErete 2l PG Rlnfl AR dhygog e put of e
Fee@rars changgs ineollassashly thet dpanal sopdophespatiqrni ialcollected by a
\@st corfd i ' (O @ i
o o T MR B AT ST .
e?algf 4t Jnal s R ee FaR;sidn 6 tha Telestpralng § aoubdimisat he on the back
isnrfacero$ theydeedtor iod ®r2the. ddNeetbr ERiphedle 100, Uf % éd')oﬁn 15 forms a
eg, . rd rings e.to e structure I\/IgCZ
RS the eSS God WPl A Prleraiidat - isibuiente than the contact
73y ed hefoperatin pancipls o sugh tetpetor Th pret]wneﬂhiﬁokgigF ES The depletion
TOF gﬁ]g[ I st Wty than the bu

Féa%gﬁlbgﬁgd?@ S Era(ﬁe% er 1?%82%%%'?& ured by epitaxial
g;.ovx@hl The | a%ér_ 808 may al so be a deep well in which

1o ilueliipy Ui sipation avhea. thenBirsyqendubtivity éghos n type and the
chﬂxelr %c&%ﬁl.ctiiiirfgltfj}ﬂes d {té}%@gfhe';%@vgs 96} iahgi 9&12012?% ‘r?gl%lpresent the
gge;égl‘:(:)fl oé)o 841&% rerges oy Wey glgleeiggt Rich pempiyates ghe pixel doping.
iThe curve9@1 eotrespomustterthe aitu%ttﬁ’r et uhy pfxe? Qbpaipd1 PO% connected

t t the. electron, .

coukepBantat 9,10, 4l BOUBORARIE 5 L6EL i et pic

PR@SaYbL i fconpectegttoothgl cleay @oltags Vs Thedutvee 908! nepresents the

dietfren gitenda driedey b i &hakind '“}'qufIfh]%;‘égtaéatdgieéf p6iht 914 for both

9%1 902 32%110 3 tergi nat e essenti a

FirtEpRs apd Jolgs torms, a bagies for dhe ecandary ekargeialectrons. Part of the

s&msl'tda]at ehargbe apthive rwllebylesy &ﬁbgcd'n?ta@tf ﬁSt?th:hi)! dg&ggfg ?iS forms a
. e semcgondyctor, materi a |

b i A dbltnd YOGS B iRl oy dopies and the bulk layer

%ﬁ%tom cewbenait @ différenThotentiali This Bituetien is presented by Fig. 10.

TRE QGBI 2063 n FOCR0 Se LN s ARERILESRINSS Al genﬁfg‘}hh 89 the cut line

?ﬂ;o;g h such gjtpt ona er in ordert .

k 8% neyinab fyulls lpyern gnd rthen ahaanele stops carecini thiedgse at different
Etentidloli.¢l thetneutrhiebulkN8y&18 AP 9brSpABRtAIMAd ®ie channel stops are at
@%Eg%%gérﬁ@\pf Figs 7 and 8 could be floating neaning

sééondary current would run fromthe channel
stops over a potential barrier fornmed in the MG | ayer
Figuts 8 nepragentayemothdreirenti illuminated kenisadiheat o iy if@tion. In this

ﬁ!ﬁ%ﬁ %@h{)&éﬂn%ga‘rinﬁ Crg 0801{62 rg(i?fa g:&lﬁg é:l}r}’g&& | ﬁhggﬁl’qg’m%s% guard ring
i3 H%ﬁ'ira%t}lr@ ay8 aigeded instblese gnandatings dile mnthetshectured MIG
R e 0 ks o0 BBt By e
s £ 508 g Preferahly 2 pych fighergeaistivdy s thevkulblhykr and it is
whfergdymesuifastured by epitadalismiithNThak8kr 808 ShAFAKEDE a deep well
it whith thid %R 18 Il &rfeé."erheTE'ep ehion region border 850 is also
depicted in Fig. 8. If the optional layer 808 is not used the operation principle of the
detector of Fig. 8 corresponds exactly to Fig. 10, i.e. the electron potential energy
curves 901 and 902 correspond to the cut line 860 and the electron potential energy
curve 1003 corresponds to the cut line 870. If the optional layer 808 is used the only
difference to Fig. 10 is that the potential curves 901, 902 and 1003 terminate

essentially at the interface of the layer 808 and the low resistive substrate. The
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di mensi onal (2D) electron gas |ayer functions as a
channel stop. A 2D electron or hole gas |ayer can be

wo oromedr28t so artificially at the sem conduct or PCEBI20466000058

interface by the use of a suitably biased MOS
structure. In this case the 2D charge gas | ayer and
the MOS structure formthe chadBel stop. The channel
stop area can thus be fornmed of the 2D char ge gas

0
nal %ée?‘é%e% I@f@%?é%% BGEPR! ByCboRlncai) Bipespagpiconductor
Haglerigh it i1k qondd Miso beymads waft S¢QOIné comdwitivityt typs semiconductor
E‘h@t%rblél ands %;ou(!jd Hd%&’eer g%? Eﬁéﬁt@;*ésﬁl%lfé;?@r@c%gs gvlglggéodl'l'énéf) ﬂﬁ&}’c&e&are etched
[

%bf%‘rgﬁ’g?‘ b I: Yehat oK rdraveid high leakpgmgusentséning from the
tdetedbort shipadge. and t he channel stops. |f the channel

stops are not biased at different potentials the gaps

0 SR GRS b T 1L L5, 581 cout o
aéwgura¢art1n&ﬂ1atrﬁlee momdalazy@mem twawdd irmp frona e dlmnnel stops over a
tﬁ@)@éntﬁ'l %arﬁel féiQnéH %I% M‘?Gsfaﬁ'kf (51 A€ eolgigela%ﬁln HePY§F would be

IS Inr esente
ﬁpl;l??ﬁe@ y h(—? b‘ﬂEelaBQ}] fontagfef25. gnrﬁaéfF dheaphannehsiops are floating, the

i3 emdke cadisictafr Iﬁaten@mtsﬁli(font Bilicn dibedbyd ﬁséc?é/sefsgﬁ?& material and the
oW fesisti Vi

P Sy bt i Dy e st
stleoardiexideris réferrdd dorme nxsd I Clil #Hi 085 1O P9RiveNekide charge results

E’I@Tdrf 'ag%ﬁ&g%ﬁS%gelr rbft QF&C&%B? Cz%to I}Se g{lﬁCHgch(ég? Hg?erpace This two

secon I'S col

ggppwoga d@hyel P‘F‘Féort ﬁa?h ﬁﬁﬁer dungiatspisny shamet] paop. A2D electron or
hbl;‘e seclagentah bOSGARS] ALE atdBR IR ra%)grfé §é‘ﬁl9ﬁﬂﬁ'lllért§1ﬁ{sgﬂt5r interface

subs e tot

125
ﬁign“tﬁgto &rﬁ“éﬁf}bfygﬁlg £M§ tSltréqu@sIrsthls/ easguthetAdchangs gas layer
amh dbe NIO§ Srawdtarsi flend @eechdrhe 885 TTheTBigaref fstog)ull&b%n thus be

fact n conductive
PRRRALSH B 90 chie TN A 4t e ShatntT sloh FoPE o both of them.
dha deteaters presemied dm Fogs ¢ uanid & cdetedad haVﬁlgapzi ivishe MIG layer just
ﬁk@ 'tﬁ’@ﬁet@cf@é 201 ng sf{ §hgNC %e X ec Helagt%se %rg fgltﬂggayer are biased

front, um nat e or e

a’c ecrﬁ’ét P?@ﬁfla S| thgngapstiadgthgeMder aysr ann@trhﬁcmaih&mpero current is
fmnmlbéﬁ@édﬂ thet AR 1h18 ARCHel éHa‘ﬂHbP?tb@Q #ehe %F’lﬁﬁl?@l stops are not

Pibed AE kel hotehlieR 3h€ bt of b AGHer et nespiieily wide. Tn

thie cadesthbl chaspelcttopsmatehaither fvabiaghori dt ltiers M@t §fbtential than the bulk
pgstgctors. Fig. 11 illustrates an enbodi nent of the
ﬁbentlon where the signal charge can be cleared using
a small voltage, i.e. the pixel dopings do not
ﬁd\?émn?r@@t domeie theat Kig. 4 cll@arewmsitttagwalensincelehe thalk layer is in

realm;v ﬁmidheth%m ghar® gés@ﬁtedﬁﬂethé fﬁgtg%% 2i;e ltﬁg IﬁltllE IT%!G%: gpreferably

?}ér by m n?@é%@ﬁoﬁ@?g i lct]khe The dyl yi?ryeau bas tmeferably a low

wesistigyj nen omuthdighegredistahed g th¥ almost intrinsic substrate presented
in the documents PCT/FI2004/000492 and PCT/FI2005/000359. In the detectors of
Figs 7 — 8 part of the secondary charges is collected inside the active area by the
channel stop dopings and part of the secondary charges are transported through the
bulk layer to a substrate contact 725. Due to the front illumination and due to the
low resistive substrate no conducting back-side layer is needed. The difficulties
associated to the manufacturing of the thin conductive back-side layer on the back
side of a thin detector and to the operation of such a detector are thus avoided.
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i mproving the signal charge transporting potenti al
gradient in the MG |layer. The channel stop doping

wQai@1/0tBt ect s t he secondary charges. There arBCT/B12006/000058

pixels in the Fig. 11 of which the cut line 1180 cuts
partially two pixels. The cut |line 1180 corresponds to
the cross section presented bylFig. 13. The pixe
dopings 1131, 1132 and 1133 of t he second conductivity

ﬁ@ﬁ; rhff%g‘%{]&u Cﬁé}?\’ ‘g}l aﬁfn &%golgqjciﬁ ?[Jr(zr}\r,@:gﬁ?ated detector

tﬁénlm\:gmegts asoitiatpithe| frant Iﬂlhlmma)lla:du detﬁciaom&ﬁtite amach cheaper to
T3dufatRrd ﬁ%n%%%cﬁflgﬁxﬁlg%ﬁgé’d‘ bR cMS it thd @%)n? lid&hinated detectors

sour’ce and

133
g@ﬁk‘ﬂ%;nﬁkﬁr t il %Mu@tdorﬂ%usmmalm qBEuEY @ffg@@@csy én the visible -

@ owinehMOBiHadkellorahagdidetegkher pixel . The signal
arges are collected in the optl onal | ocal

e “oiodialo etRsolPR oHAn i shral Fharge can be

tchearddl Giding evnly opi smpllinabdiage, h eegdhe pmikela dbpihger doingtsr have to be
gﬂbﬁn%ﬂza g’ ERe Ofcal V@ljt%gé % oPY&r tlohleengy‘féan%ﬂ\c;esdéﬁ%g&l@%% h’El‘fe area 1191

t an
prcks| thgé‘ﬂ%@elﬁyelh@em@alth&nﬁzrag@réh% cogespafdsNp@ Mifelayer mask.
?lﬁﬁ:l g D}B lbllﬂsﬂhﬁngﬁllgﬂgL giglls Zfslfé'ngf)?édhldgp ng n%g ﬁgﬁ 1 charges by
roperly.
i an® il sHargh thnrOdes polmsla) Geerting 0 I ¥icilayer. Th
|c$1anmelt s’ruep fdopmg $12ik cofledthehel ewdfhelaﬁy Phxi@ks dD]%r@garé %&r plxels in
e fu oni n
o i, PPEENER R 0 XA MO AR L e 116
P@BWSE(P@SetOltbe arao pe@mregxesﬂntmé@& Kig. illheT]s&apmaH dopings 1131, 1132
GRRAUCH ¥ tth)é se¥ O E@h&l&tﬁf?tgl Be RO 96‘191%9 %éﬁaféﬁ‘g@ﬂ%ﬁ of a double

ener ant ter pat %/ t he areas

PRI Euie s iariand iedler! irnasisior (MGSHE Eb helooging to one pixel
matahé @bn@ﬁctbﬂel FECcoHd 180D dES tHeV %dt&s by BR dthﬁe M@‘EIF‘EfT The pixel

the MG hr 0 e ar
HSBuso 5,7 355 E% 1857 B sitiet $nd Mk dopiigschigkihe sonductors 1344
endbl ¥ ateegatenof of dotisle SMPBHFET i gezing tth anotiey pixel. The signal

\gfl%t{%%g ‘Safré%_]_lﬁ&teﬁaﬂl ﬁlelg%g&alﬁggala qﬁ@g@mén?s%?%ngf %he MIG layer
daprigsyihich arg %W@feéir beneaths ithe g@msdTbmld@l rnhaneementsal the MIG

| t
b%{egﬂ%btgg{l ?l?déls ﬂ{eagé’t% 6@5 qu%"lg or drdet ?héf %gﬁ{téﬁpf taOl?JT improve the

A)Emie Sinentindclecit obbs el soetkss cdarkamavedringide the pixel
batvierm ttiaelosailkﬁﬂmﬁlcerhaﬁﬂstI)B92F(biQMIIQIdybf d@pfr@seﬁiy b1asmg the source

5 SRS LB 05 U S R i o

Eéharg@owhm:bp\edgce]szhd rezol hast.s t he secondary
charges The cut |ine 1280 corresponds to a cross

Sﬂhéfé qy & SRE V6t ?ﬁﬂet be tgé Uevide fT%ﬁWﬂ%elé‘%ﬁ?bfo he second

s rep ace oplng
88&%‘&&9‘*1% tpet 19kmnfghasa@t eaésccaltwn&emﬁergmee MIG layer and the

clwat roohtactd 38Hethbteoiy Afddpedn@lion 1393 of the second conductivity type
which can be produced by a medium energy implant. Alternatively the areas 1334
and 1393 represent a trench that is filled with semiconductor material of the second
conductivity type. The flow of the signal charges from the MIG layer through the
area 1393 is controlled by a gate 1343. This arrangement enables clearing of the
signal charge with a low voltage and it can also be used as an anti blooming
structure. The layer 1307 is a protective isolator layer which is preferably silicon
dioxide but can also be any other isolator material. It is important to note that the
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charges fromthe MG layer to the front surface of the
detector. The doping 1443 is surrounded by a circular

w@rooglo728pi ng 1433 of the second conductivity PEPEI2006/000058

acting as the source/drain doping of four double
MOSFETs. The second conductivity type doping 1434
acting as the signal charge cl dar contact is connect ed
to the MG layer using isolator material 1494 which is

S YT -
padiigi Lefar thhsakaf Claué}’to the positive oxide charges

a 2D electron gas layer is formed on the interface of

&ﬁgl t2 Fﬂlllﬁ’dt@ﬁéﬁ@(ﬂﬁ& éhbb&iﬁ{bnt bk tﬁé‘ﬁl\fehfléﬁ WARRE wed bl\éhﬁp’charge can

t
Y EehialutB ol @ gt Solinge Tet chisns! stomdbbing 1221 collects the
$|egmadar§z hﬂnamse II&:letdImrlmef 1280 corrbdjondP 18 L6059 Re@dn presented by

i LM 5 ™ SR e i o e

W@Q U@tlYiQV VEPY Wlalpbeadts kas ah]encihnam rgaite stonfrotling nge ¥23# of signal
'dlha{;geg frdr thé fMI@ fayet %é’frob aé'e3(9t7 esde?é’c%rt "lih%l doping 1443 is

efirst con

éHBfogHg ‘i Eélcﬂnalf%'blﬁﬁ ostal oping {4e3 §tﬁﬁ mmnd qqndmhtlslty type acting

@aghe tsblﬁce,fmam&lo;ﬁﬁ l@f @@lﬁ* dEiRe MOBFEtIE eg?ggé@dﬂcpébnductlwty type
r

|
il 1L Rinel 1k BoceColBer afort 1 capneksp iy the MIG layer
1 isoatohenatsobhtldd4| whath i8Aépbsitadosht iheetvulls hefr geench. The

quaﬂofr hdt€ridl {494 lisﬁﬂgfeg?(ﬁg 'gﬁhdo‘?l P%]\gé 1%8861% Eés@gﬁﬂ/bgwrged Due

type doping is ann
verthe @ﬁﬁitll\’elqm@ﬁ Ph@géﬁ ardie eletm gsplaygr isiinied @i the interface of

billiconndioRide §@pSilicBar ¢ e fifs c%nﬁat r %{:Wls%@g¥ﬂ)@¥lg& the second

he.i.nterface between . the iso

Ehetediilofinsdt or Vet b sgndd batgzcatier eloetions cbepthesignal charge
tet@tminsih)vp imxie2Dyelodtrdhgagiaxel frdaptRIMIE R er t01§1%7d0p1ng 1434,
t#@e IR %%é]d 13]%5 The 2D el ectron gas | aye
e |sofat fia%’P 307 function in this case as
the channel stop and as a radiation entry w ndow which
ghangel stop oping hastidbe ivery tavge hiks théeh2imet|sess doping 1221 in

é’?%n%%“&%fgfé%ﬁ‘? Les 107 SEPORHRRY GRFEAPENA T s conducivity

R5p1Scld fYRfy 289 She é%ﬁ?nﬁle‘?qm]@étlvléy yypehisnn dpiee-tla thive cdsecthe channel
stopt dofiag weeong ﬂlquy raf:h@t'i(ﬁﬁ e%lfﬁ?%@bw ;3’1"1%t MIEF gfe? 1§ ls% preferably
ver or Ln radiati
SRUTH! B8 dhoTHAices R ypr SPOBE2L: Ehfleppatordayer 1307
ilS pgsmwakyeshargad amidx €1 l?heofnrsyEtyp(araimtph@r 1£mibb e”@fﬂi tl&f second type
| | char an be;clear
r111 N¢ENt &n iy %F%}ﬁer est(éj ggﬁfﬁg %%ng es%gﬁlﬁé ghpnnel stop
aemnﬁglll in cﬁigl dét &n tthis easedhdrer yxmtﬁaagﬁé el€xttors |gdse layer at the
ithegadd 'b@tdzédﬁe tHEO E’ddﬂz&oﬂqgﬂerp%'f 'a}ﬂ@l ﬁheC%QEHdﬁ&% ?{w%nal every
for 2D_ el ectTon, gas, | ayer
SEARE 630 PRt 508 I GRecPHaRITEID 1156 el dominen [ 44 - 1337 and the
gates Y 341 rdiBdSaflthe D elvenog!gas ®Rr and the isolator layer 1307 function in
this case as the channel stop and as a radiation entry window which can be very
thin. In addition to this the 2D electron gas layer transports the secondary charges to
the channel stop doping 1121. Also the large area channel stop doping 1221 can be
made very thin due to the fact that the secondary charge transport distances in this
layer are very short. The thin radiation entry window enables good quantum

efficiency for blue light.



10

15

25

30

35

The area 1591 | acks the M G layer. The cut |ines 1580,
1581, 1582 and 1583 correspond to the cross sections

w@e@sen2et by Figs 16A, 16B, 16C and 16D. The PCREI2006/000058

dopi ng 1632 form ng a source/drain and the gate 1646
bel ong to one pixel. The pixel dopings 1635, 1636 and
1637 form ng sources and draing6and the gates 1644,
1645 and 1647 belong to anot her pixel. The signa

Iear n 63 |sconectdtoth Gla
R0 B8 i Tatried R k18 S ek ol hel s rBosiocsth g th iphion where the
Oeﬁ) whargd Gatﬁbe thRAbed ifhﬁg @iy dGhedl] valtsdte. m&m@ﬂlkb &hannel stop

31?% {20 . SL00E28h Y opl S, bl goine 1521

mtEltmaﬂm wharged mptator 68%erialdiorine yaeslet@o8, gascFeniatl the isolator
%@ﬁﬁc&ﬁfﬁc&&l‘ﬁtéf?ﬂer&ﬂl B%tsfe{s%\gfggfatg g?(f gnél he €hannel stop.

h
e aigan 459 hilackRohc RERRR Ther & Berorigihg 168LeAsR2 and 1583

mo@s f)ﬁd“tté tB® Iékés%lsseéklﬁﬁs ?gensbiagdg?;ﬁ lq«“lgls%é)x 168, %@hAQ 16D. The
S e e.on e
LRV N R L
|'Ehe:pmeianlopmgseld3)5, 168 6tdnds1 635 fortiag Sogruels atldadi@as and the gates
TR IASARS ot RO PSP B R g 1
s conpecied e thetMd Golagen Birougto pn asadator dayendi49¢ whishds eavered by a

gfgnghgtroﬁ hayel 69°§t qmect%uﬁ&o@n%,ér h%%rc% 15@‘ biasPd3s 'tgétea 2D charge

ye
1478 1@8% 01%?%% ﬁp Her %qexef ﬂilen 18@#@@? atl S@naswtazt@romtenals The
qjmﬂtlcm eﬁy"dr(:l (e)rscamd ﬂfe gdteseldsm h1t646Tzhﬁ1 1647 ea®thdsh€ontrol the ﬂow

385, 34983559 BE 9008t O PR DBAT  OBF chftdl civie i

rgat¢ onteHouk dhﬁferenb perts hatorgee taebds pikel,(tds Applebalso to the gate

glgﬁg} OItI ala%og}?oémﬁé go Bﬁg oRi O}? rlgegﬁ&ﬁglg?@dﬁy%lo 1{3@53 v{m‘?otut the isolator

paaleripk il 494 ik theocondudter mamlaJ\M chosen pistpstlyndm thisecase the signal

Gharged dafbeMdek ey the ddptute1BREM 698y to inprove
t he si gnal char ge transportl ng potential gradient in

he
3 AT 6 B B LT 5B Bt s T chanmc
atop arcahncloding thayeea ofttie chanhélestdp Gopimgeand the aken of a possible 2D
%f%éﬁ%aes ]%gelg sglfé)tda F%erqﬁlg%éf}goﬁilag d}qtﬁ; Itcﬁ%xf%rggg)?g@@p{x%[ in order to
m@b@a& gagd lqueatuny efﬁn@e@@r farehlue éggét "Blmﬁpratgt) of 8uudiangel stop area

|Hé‘k§ﬂglﬁ td8n fxél% e HRR ﬁlﬂelaaﬁga 'sﬁSﬁl%%“é ade d%(()aﬁ I Beneficially this

o HLZ% bR e R G OOhcD-§; Dl O8ndk Gewhere the 0.9

Id@ﬁne@poﬂdBetol\flh@ thayteenefiidl retio taharo.H aoereByoriddibcithBdeast beneficial
g@gl Iy the barrier |ayer doping, by increasing
&

11y the MG | ayer doping and by reducinglocally
t he bul k | ayer doping next to the MG |layer one can
dt tsaalso Mol toppetehatahe gapiinshe MIQ kayes ignal the el gy emy to improve

Ithe 138l iark@Yahspdd¥ing orsitidl bR G n SO RAEPIHRRE O can also alter
the doping concentration in the barrier layer, in the MIG layer or in the bulk layer
next to the MIG layer. It is possible to reduce or enhance the MIG layer doping for
instance by suitable implants and mask structures. Increasing locally the barrier
layer doping, reducing locally the MIG layer doping and increasing locally the bulk
layer doping next to the MIG layer doping create local potential minima for the
signal charges inside the MIG layer. On the other hand by reducing locally the
barrier layer doping, by increasing locally the MIG layer doping and by reducing
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reductions in the MG |layer properly one can inprove
the signal charge transporting potential gradient in

wWo b@7Mr38T ayer in a simlar manner than the gapCT/EIR2008¢000058

M G | ayer dopi ng. The signal charge transporting
gradi ent shoul d be such that a proper gradient exists
everywhere in the MG |ayer tramsporting the signal
char ges tovvards to the desired | ocation which is for

xanpl e the | enhancenent 1 f the MG | ayer .
do5An Beapall BHEr AGEHE R R bAMIC JRyeirenaes pigpes local potential
dapxing ftﬁrthé) sigaiul ciedrgeeih thy MIGilager pByrshsactlmrth@e enhancements or

R QR s 4 RE SRS, el B sty gharee wansporting
gr@mtmitgradlenhm hesMKy dayer|ih a Isnmlat imanoér thea tieagarein the MIG

?é% @sifig ! Phé R ntaPtcgﬁr(%B' onep@#tﬁ% gr i 5ﬂ8§1cﬂﬁé’ shéh that a proper

o use | St ea esal
@Pat eHstIfyeEy wherers thaMIG Jayer fransparting the giganbehasges towards
acoltné gesienbloghticn 9math ThRaE @ﬁaﬁlpme Qbdl RehBe@Btak92 of the MIG

JaPac et thd Tnalatel 8Ghnceeh 8 e GgaVrdditae can be structured
decadding qrodntst tovihe yddpipe so chateittresgnbles aMt&: impederawdincrease the

tstﬂ 4! &af efﬁﬂ{jﬁ%rgﬁg gp%é«'?lﬂfal éﬁd@hts %n lfﬁée Jyﬁld} q?gér If the ratio of the

ucti O
Cél@nm | BOp area tethigatioral qrix¢laares iy b]gg n@e shyubel f@:@ed to use instead of

Sdrer@ft ﬁ@r&hld Hﬁ:ﬂ%ﬁﬁeselvef‘:a@trh&ﬂo@l? thl’fe%lﬁtoﬁ 103)%%r to guarantee a
}/lv gear contact 13 Wﬁrroun Iév(l
tlﬁfféean@&g éé&né gnarge tfﬁl»?ép%lﬂgcpqs@ntta%@r entdgghe MG layer.

concentration in the first conductivity type | ocal
rWéfﬁtuam(bthar afapbitenbaspdoeris | thye insdemd of the dd}ﬁnglel393 of the second

SR AROER' (b Rlind e 06 bk sERHR ikinecnfyg 1583 one can atso

tuse ablocal mdup@gg in dlm@baagles Hayardldpéng.Blss doeal rodection of the barrier
3@%%“ ﬂ&%lﬁ%;' sholul® He%l't@déé& %\i”tﬂe *%?ur eeﬁ)%agggrlhgn %Recq inn 1393, ie.

‘f’lt]%"r alealf a@macfam’a’oar@ wq%eﬁrkwh@ &lar igateal 343 lihe ratio of the

'lffaie dbpﬁ‘lgvainc@ﬁtrhth@n $ih ﬂ{baﬁ{s‘ﬁ bt@h@&t{\ﬂ@wyb@%@alfi‘egﬁ@[on of the barrier
o t age cont ac

SIS dp 1 o Spiney ChbiaRg: i he ek sORIyERRty type barrer
da)yﬂtuinpmg twithoypehe hacal tradwntign. dfhthedogriisg 14528 Aoping kieould be less
fthiph.o€ 9% aﬂ@?ﬁfaﬂ'yttﬁe }%(tﬁ?sl}o-[p& gg Q%Srlﬁar}ﬁgf 0. d. ngng %%0.3,0.2 and

bene Ion O hé ’bar’ri

Oal avhege B hds thenleashbenslivialtratiofant; Quiris ha Tgst eBetinial ratio. The
l@ﬁr(])ghl Hﬁttlﬁé“s%n\é'ﬁ)éﬁaﬂg@ I‘reg'?ggél ghﬁl Egﬁ? Ogﬁat f&nth‘éf clEﬁlecontact 1393
thl%%ﬂ@béﬁ? ﬂ%c apdustiqhost e haﬁ%ersgd%hagmygﬁ%a £k Gangluctivity type
tthan ﬁgbkg}h theedopififd 3DB @i rtl@esfllilsl Eondﬂctﬁlwﬂyn@pelr?h@doéﬁig 1393 is thus

tr ona S.t0. i nprov
Bstebelip b M bE PG SRR peiis Ik fapin.

charges. The pixel dopi n7qs 1731 1732 and 1733 form
{The cmbediments afh&guresi h7And 7Bhend oWdlHlestetd Adysabal improve the

]szﬂa%aﬁ@ﬁ npft ﬂl% Q hﬂsa&i shfﬁceﬂ %@ﬁéﬁt%ﬁge Elﬁa %Q?ﬁn R&limprove the

ﬁectlorP OP %e secongary c %}gestfromstﬁg %lqlkalra%fef The flgures 17D, 17E, 17F,
17 G, 17H and 171 illustrate additional ways to improve the separation of the signal
and surface generated charges. The pixel dopings 1731, 1732 and 1733 form the
source and the drain and the conductors 1741 and 1742 form the gates of the double

MOSFET. The channel stop doping 1721 collects the secondary charges.

The collection of the secondary charges from the bulk layer can be improved by
filled trenches. The trench in Fig. 17A is filled with semiconductor material 1726 of
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The col l ection of the secondary charges fromthe bul k
| ayer can be inproved by filled trenches. The trench

WO p0oFiog72817A is filled with sem conductor nat ePCEHFI2006280058

of first conductivity type; the trench in Fig. 17B is
filled with isolator material 1727 and the trench in
Fig. 17Cis filled with isolatdf nmaterial 1727 and

conductor material 1728. One can renpve the isol ator

TEAEEAEAT ABE IRYERP Dy FLEITH s e e FRB! it 1727

ridetheatrengtpgnofigt i 1761 ie dilthdewiithi igolatppenaterintl 1587 adr&b conductor

HRREAGE 7Y, Ondbs dhbYe He sbibr HARGLE tffdﬁ%ttﬂe H¥P8e of Fig. 17C if
I? gl es. e opera?l on

deep i gplants having d erent energi e [ _

6ﬁ‘°r‘ E%%f%%mafﬁﬁ@l 4% Fhesenrrepartyalhe sermicanductppaterial 1726 of first
itdmndgmlwigyl gﬂﬁ cgtlkleb‘é :alesg ; éatclgg %?F@ﬁﬁlgyﬁgﬁ%ﬁz@%ﬁﬁ%vﬁy type
(dh8o il Bl e S ReSEanerirS D 105 criafm priphipla, ol structures
dAa6gé227 marh 1728 Mh@dvayethe tollddtion chde, se}@@ﬂ_ﬂa{@r charges from the

ead of si

e AR ?2%@2512%3?#%%%&?%1%%3% bl PP, 1494 and 1695
Clearidg theesighalschaygs, fromp theaV QL @t c b this mwase, dh@wever, secondary

tchgﬁgeg f&fé bgll%ﬂr"t@dl n gtéh&fdg ?s‘ti’ ea-rl cgg%eg.oirﬂogég&gsghﬂiné &hin bulk layer
i PR enGhey, 276 (1734 anchAscapnaparg raterhobghtherbolgybulk layer.
Thgapllk¢8dn 'k2)f| thdsechh@ardyadtrges g ﬁ%&bﬁﬂ%ﬁ@%@&%}lgﬁr@@ummg the
. ve ape; .
%légeta a%%gChg/ |ﬁl’%§2¥l722a d%‘?’gl(ﬂ’ﬁg%/ gﬁﬁg%&r%m?dl\i@re layer. The filled
WPEGSP i1%20, 1727 tanel 1723 ahey lmve aleepshgpemuglbytinay be for instance
' Fi n.he
s s o ST, R s o
enevghs hermautig! bulkdager lAQtelT£@1 of dpes §and7raan e Bovght to the channel

$ibppaéniidiea seesish @(ﬁf&?@hﬂﬂgttﬁ Fi%p&., the doping 1775
of the first conductivity type and the gates 1773 and

6,10 Fi 1 ~ 17E -nproye the se at.ion of the .
ThE o P2 1972 4l TRUghE e Shietiudp s, 15 doping 1775
of thhefnsé@ondlu@bm}ucypa/'andf_thwgmd:mlF‘tV]@.anHrA;ZV(S inhFigs 17A - 17F
a r L 1N anne r .t he o

o %(g%eemggsr@%g%tg&e gﬁ gﬁ% glsé%a?_ginﬁes%g%tfn%erﬁ%ﬁtggc‘f}fa\’ig‘?sy The doping
ii%bp e secondmeadugfiyide typeris Hgr 1 3 ds geeferaitly depleted resulting in
ahhaged R thbausRee rgbd Yoft i i

bR Bt o i o L A

e %ﬁﬂ%ﬁ?@? WHERRCE ygrherafed; ¢hargesnof uthe osar@ad: prenductivity type
tdvearde| thet pb(eltlio@bpigg§7lk2)ﬂ:3tl Elndl QGBB.nQ;hlyzlﬁp%rfg Signar af efle second

- . i uf. co equa wel |” rea i
Ry e im 59, LD ot fuSigello B dapi 4721 rhe doping
17K isTRepadaisirigom7the piselatloming rbut iosld agealby efetl sfaklt to the pixel
t:aek 1 f I drgurf ac he o

Sop AP H1EC ARG 01 Wt n i o
Iﬁ?gef&g Ye qp;k?édi Abgiagea of the deplstedoivatase candpe comitolted by the bias
chamrngite f10r73tiaeFigun fac Thaenss aved ia *Fi?.gf*ﬁF %Entﬂée?]iased such that a

econ tlyﬁle is.fornmed be O:Q‘lthe %g%e rra%i)w ng. t he
‘??ea&afgﬁ ofMCotUrfars SSTGHIPd SRATESS T A0E sgerRd AYRegis formed below the
giarigggoviligethe separation of the signal and surface generated charges. The
dopings 1772 and 1775 alter the potential profile in the device in order to improve
the separation of signal and surface generated charges. Instead of the second
conductivity type doping 1771 one can also use a first conductivity type doping
which is preferably partially depleted.
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dopings 1772 and 1775 alter the potential profile in
the device in order to inprove the separation of

wa@e@nal728nd surface generated charges. | nsteadPOf/F2h@/000058

second conductivity type doping 1771 one can al so use
a first conductivity type doping which is preferably
partially depleted.ln order tolprevent the doping 1771
of the second conductivity type fromformng a

TReprdstls BrehEhing dopmier 171 of BiCresPRchTanctiif eé Hom forming a
esunddctienpathfbetwedn terpictldopiggs $73r,dS80tamd 17183Ftig: dopmg 1771 is
36305 15 0RY 6 SHOPO a1 pRBAA o i 17
cwbers- hecdoping 1gr/dseartesponds Ko ghe 1ippingn d|r7)117 1The reukilipes 1780 and
117)% 1t &ﬁ'rés?bhﬁ ththf;] ReoIRLSSS Ef@é\s%%@ﬁ‘iﬁ ﬁg& o ah#871. In Fig. 17G

I n e gat es
SR b 6f die SHaHENIlitianoo Pstiasnaiie oRiRg 117 g8a badagtes 1741 and

OL742t b 3hé Reubesdraiic aogl;gelm s U)'éﬁeﬁ@uﬂ? @éﬁgeill Lﬁan 0.1 times the

(f? gtﬁng%leE%nef ) Th aI lugrEe 3 1%‘3 opbngft%ue@egﬁlallg tEE 1at‘1_o Should be more
]IhQIILO 2., 513b,rﬁi421.0 Shh &, thelf 0.854 O0de Ii, 4 .2leak b1 and 21, where the

bge h&isq]kagt%teheflaﬁﬁrartfbe Gk IQ %ne?s ;ﬂéemgg’lsﬁefggciaiégio.

beneficial ratio od| men |gures
and 18C|IlustratevvastoHT%Vovethe ynam c ran

ofhe ge1bgdimertsrof figarest d8Angissy and h@%.l@ﬁ%trat@ h‘é{ab@ego improve the
cRAaii %aﬁée iofahM detectbe iR, %8l insidive gﬁelsg ladg%iéé%%amty of the
S S Bl B S e oo T ST . comducon
clrddrlgandc AR4Z iatey thef gathe ofMaGldubie MOSFHT. €Haly signhpr chvade capacity of

He NIFG! ]%ﬁ@xl,: QEW pﬁ@to%leaa%f tﬁf{] 15(!11? e'}ﬁlgml: ?%{&{ts 1319% of the MIG

opin arge ¢C @Eac
Mfﬁl@r DiRg. tIﬁ 18] lr%Adh@dlg@yﬂ Eh gapimtys db flurther improved

rﬂ%ga?e W)lﬂ@é/d@iﬁﬂ c!kgp ﬁ‘?q'SQQ @1&@%&189% a'd&ﬁ(%‘ﬁ %{lge‘l 891 in the

b?%& Ig§5 beISERdie HOFPEA CPBNESTBCRD oD QMG layer doping. Tn

déipadisBy tled si%lfal M}@rgésdaﬁ@él% Q? \Agl\e EMG tik i idgprohed b splitting the
celdrain_do n S

SRS LR RS Trontcbaidlt R (EalR 1635 aﬁﬁéby adding 2

1B 1843 s helatecohbr Hig. d&@pathietsjgnad chargehmpacity ioftethebymproved by

%ﬁrﬁbggggﬁgﬁ%gﬂ lcjlg)iﬂﬁl\gg ?@Bﬁ%ﬁd]i%gé 62?&?%&? 3P tﬁ'e ?&%'nﬂ%onducuwty

13p2 1 §3@ and %o gates INAd &f‘ynot the only p033| bl e
transistor to be used in conj unction with the MG In

Al MISSIMPBREhst SHecofilgparsidte ByinSdibs to F@%s@ﬂﬁﬁ'con unction with the

gkt @Eﬁﬂﬁgﬁf@fﬁ&wﬁge@@ﬁ% B ol B 1 nc 1992
tdfeh¢ secmndommnductivivy typetarpehabaset dupings ztrtcbthedﬂmmml%‘l and 1952
T N e ——

copieg ti9Rd pﬁet @hﬁfsge@olmhlctlﬁéyﬂ}’ipgt a@@n@ﬂthﬂ‘» wallgctoypef the BITs
et @tk Bde (RBrRA &t BAS firbconductivity type emitted by the emitters. In

addition to the three conventional nodes of the BJT there is a fourth node, i.e. the
MIG. The signal charges in the MIG reduce the effective base width. The signal
charges in the MIG increase thus the emitter current. This effect can be measured
and the amount of signal charges can be deduced from this measurement. The pixel
doping 1931 contains an additional buckling 1974. There is also a local
enhancement 1929 of the barrier layer doping under the channel stop doping 1321
which increases the electric field component in the MIG layer that transports the
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addition to the three conventional nodes of the BJT
there is a fourth node, i.e. the MG The signal

webargersin the M G reduce the effective base BTIFI2006/000058

The signal charges in the MG increase thus the
emtter current. This effect can be neasured and the
anount of signal charges can b@0deduced fromthis
nmeasur enent. The pi xel dopi ng 1931 contai ns an
addi ti gnal buckli,ng 1 There is 0 .
el b fhe Eabsuhiriermiedy p5 s e Miadavsridoping. The
cfloammnefl thist lopaldejiangerhdtlofihie djarnmc]layaBmpmg an®y} elsd hestructured in
p.el t t 0
e AR RNk bt S e L i RGP,
of the MG |ayer doping. The form of thlslocal

dithHige el the OSEETMM ireplaced by ostiey feld effecs tpasistors (JFET)
SWhéet th"ee%aﬂendé éééw@ 1 McéduéHy M@sg @c@slzxﬂl and 239&91 The pixel

th | )
fcgfﬂ ; e %IC? %%Itée éPF’g?@t %‘@n%fi ¥es. The pixel

vdtgfiﬁgst]litﬂte(ﬁt@a(bbﬂpkm@gzmi repl aced by I\/OS gat es 2041
and 2042. The pi xel dopings 2031 and 2032 act as the

PS8 SAShs GOV B 4L 8B o e
cogialichargs StlhéthL feareirey shdpeldective clwaneker baseiwidtofig. 21 and

tIe plsaed tahaseRs cbﬁlptrig Rlﬁ@ mﬁé tlfé“ ﬁgﬁﬁ BR4rb¥€ in the MIG
channel or ase w_d
tiPGHFERS s & Hﬁr@@iﬂﬁa % asg) ‘@% fé el dopings 2131 and

0111?329%1& idy cbHedbot dldz}ﬁﬁgs’iseﬁldt lilge QI &ﬁﬁgs \QiSQh@ﬁﬂtem of the first

PSullihlond pfl wbediiniiat ke alo 80,0 aformed for

2p5anof of pelyfcryssallme seoetindiuciortyperiaktlikasf pakerystalline silicon. In
i £ qr

dF)l g%?lée ﬁ‘f&l%ﬁﬁ@ Q?Oﬁls(a% ec%@@&&%@sﬁl&?@f eﬁ&ﬁ%ﬁﬁtﬁlgl the channel stop

| qa;én&f 28| y@i%tm pixpkdeping Vo onfirt gondpctiviey fipecthere are also

A0Bi gdbirct’ A% dsaift ESPaENDLSE 2BBEr8BCARE Bbed IoFGWRIOSFETs. The

CATRElrS R0 PR 37 et o ERmARL 00, 2

and drai n dopi ngs 2251, 2252, 2253 and 2254 of two
I\Ei@FEZfstndmeillusmdbﬂcsenﬂsomnoraduj’i@étﬁatarem heéresegladsanemiory units or
t S ' [ t ‘o
AR 28, 000 20 BELIEbR copaveti e s
ofragsang apwrics tapdsthe Thaduepr Ag41 288k arle f3BMQSFERe The gate 2342

GREAUSH! ¥f et a [ r a
t;@ewm%% e ogxtv ﬁzg 1tlri<|e Sgigﬁ*al &Eafge§ fH6R ﬂleara%pﬁ%g 2883 BP' the second

2onuctvity syRe fhygugh & %ﬁgl@lhﬁ%?@ﬁ éFC‘éTHEP@%@OfUrVé% type to the MIG
olapem dnZBig3 2f tHehM(SSEETlelsC&pIHwHI by ayBIVAeavidy @uBdse 2431 of the

8358?5 S, e R BEeERASC AT bEYR B SRygivl) Spe. In the

hdeviiecryof s theaflilled tremeh sld@dnd 68n v ¢he vamg fimpeomad the doped

0 i
SRS LR Dl o A R B co
o g],g@@l 48s epe agHeyempty of signal charges correspond to one
and zero or vice versa. If the devices in Figs 23 and 24 are used as transistors the

MIG layer may be very heavily doped, i.e. it may be neutral inside, and it forms a
fourth node in the transistors in addition to the source, drain and gate in FET's and in
addition to the emitter, base and collector in BJTs.

There exists still one more way to operate the MIG detector and the novel MIG
detector that has not been previously introduced. In this case the source, drain and
gate potentials of a FET are such that the channel below the gate is closed, i.e. there
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region 1393 in Fig. 23. If the devices of Figs 23 and
24 are used as nenory cells, a MG full of signal

webargersand a M G enpty of signal charges corPEEPRNEG/000058

to one and zero or vice versa. If the devices in Figs
23 and 24 are used as transistors the MG Il ayer may be
very heavily doped, i.e. it maglbe neutral inside, and
it forms a fourth node in the tranS|stors in addition

RGN e R ——
etqpmgs giei 4t saome potentialyagnet ca pse andy olhe pik& depigtidktead of two
|
S 4 5,9 Nt e s
‘%i @f@?@rﬁéﬁl@ﬂ ccharges ovillaflewtoghe MI(s HThisavilk ¢reatchaomeent pulse in
téﬂtetaﬁﬂ B @uﬂréntcﬂlﬂﬁgan be gse& sl Eeflbéttﬁmflg &%é $Mlident. Novel

et sour ce rain i ngs
dgteg S&PE"«W(E&E@% Ht ré’eat%lﬁlgga tﬁ%ﬂf@hmoaip ar%ﬁr;esented in Figs
@an- 33eThakyt hine 258@@1 P\i’g)mﬂwld tiet @adiref 2683WinsE Qétc%rrespond to

B4 e, e WTELBIS B (kT et s

fdppmg d72heoMtle pikélsdeping 2FHated aofcther gate P4 bearé vuch that the

B8 Ly o8 8 PRCURE o e formaion
©6 ﬁa&ﬂgﬁﬁlﬁn{}g@@ seRBCuiuetar| lgﬂaml‘détﬁéfﬂcﬁ a6 lonked aditee pixel doping

@b&ﬁmral €c. |1f1tHEJr§J éxr’%fs a cl@énneTB@loWEhé gnégrbr':drﬁx a very weak

orr

d .
Szl b Bipaseedan i eniv whet aoMambonel piahehanecsrrive at the
MG Gphé migahl ditapedd clstued fde %92?10%7@1 Zu{gﬂ@ ;:I@taiﬁ Blas between the
3 are suc a e
gg?nﬂ%gﬁg)é %Uﬁﬂg {lﬂwﬁlxgg{lg?lpgce under the gate is
depl eted to enable the fornati on of %ate signals. If
tihe gasersiemal Ml e detestiranfoFig. ASeednabe boadeéd ek adead-ouhehip. In this

l@ageeﬂu@l Pt B@la@&l 'd@fectdr s@ruchfre TR Qi 'aﬁ& %If‘ Ip%?l?ﬁ%ﬂ%lfonnatlon

or,only a very we

bel %’tad’ﬂ%ﬁ Jribe, f?%%g?llg%}t § tMQﬁn%Ctﬁb%éWS(ﬂf Oé,luegﬁm or column of
phmlsgby aametaleviat ih loeddd 6 folhea Strgh dbteetial Q‘ﬁe's@mi) detector enables
?Leaétﬁgtrl]{)]rg ° of t{}ﬁé %ﬁge n%y dlgﬁeglsi/ 96?92' gal; bl a cg;a?%et another
BPgpbill 1thGOd@1tV€% Eble gﬂte fitg twba)rdhreebcdiffmmiqmrtsmml to connect each
bﬁﬂ% QUi feRd - Sl% 1l esxﬁﬁf?:ﬁ%diﬂteté) %Bfeli] pc%ﬁ‘e%lu%hgqn order to achieve

ect or st ruct

AROiME N1 RRstiondBleimesion. Ahetnt Slg@@%ﬂ detsctpsof Big. 26 is a
@@Iﬁi @etbctoh Qtnﬂam%(sjcmfltnﬂﬁ 268@\@0%?1?(?1{(1&5@& g{:et &loxs! _%I_ﬁct{Bﬁ Presented in
r
BR g oienn 7B a8 2Rl o e cefitosningiine 26 semeunded by an
sotetorslayral7QT bh tppeif twiich ind memltadaﬁer 2742. BRObPEOnal metal cover
g?f?ﬁﬁ\tﬂ trtr¥d1!1csesttl(fe gbl%éé d¢ tﬁg]cget?&tge into two or three

eren art 0 conn Ych part to a
fferent signal lLine_which point to different
’g\l‘? SEip sleseqtorsoindBigst 38 ac Ail eeprdsent differenanthb@diments of the gate

gioahlt MAG dé’cé@tbimltnl F%e tﬁﬁﬁe %@E@Z%% [ka&oﬂﬂe@tééfelto %ég&n‘&f layer metal

6|sa ector _and the cut |in
2P ebighti s b oripeC Bectaeds romr esw eI of pixels. The pixel
doping is in this case separated m two parts 2831, 2832. The detector in Fig. 29 is

the same than in Fig. 26 except that the pixel doping 2731 is divided into a number
of parts 2931, 2932. The broken line in Fig. 29 corresponds to the pixel doping that
is located under the gate. The same practice is also applied in Figs 30 and 31. The
detector in Fig. 30 has only one pixel doping 3031 next to which are two gates 3041
and 3042. In Fig. 31 there is only one gate 3141 and a multitude of pixel dopings
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Fig. 27A. In Fig. 27B the gate 2741 of the detector in
Fig. 26 is surrounded by an isolator |ayer 2707 on top

woboomi2B7 i s a nmetal cover 2742. The optional PE&L/AI2006/000058

cover 2742 further reduces the noise of the detector.
The strip detectors in Figs 28 - 3 1 represent

di fferent enbodi nents of the g&e signal MG detector.
In Fig. 28 the gate 2841 is connected to a second

I r | 2842 [ i ed tpo connect the tes.in

R AT BRtarkRiient O Ty M W R REPEG bt A v ifhnce wnder
tthe gatcade Bgpa8 atdd in two parts 2831, 2832. The
detector in Fig. 29 is the sane than in Fig. 26 except

e PRt dskecRPhRIp Z@‘r&te&l %ﬁl ‘jjl%é g?ﬂFder 9%%. R ARE rfure of Fig.
S 3y oont S PRl PR R e o e

tdfethg alopingTBE3 k5 aFtHs REcAEds @@iginglo ﬁdhth@ gh@f’BB@ﬂ wiiclri@Reld0at constant
as .on

1. det in.Fig. on xel .
048 050 e 8358 o cuentn
laddRtian tathe bulk rgenemtarhéyrremte Thist leaBalgélcmmhtaesul? itn also a current

| 4 ' [ 3: n e
o T L L g
¢dtths lpakageqairpent- The suface gengratesk eurpentds dypicaly aweund 20 times
prgsarigs b ogdedtetabi iy UERH Bt e noie o
dho sy dusdinin B stRdteRepedniarart devieh et dépi3E the dopings
3532. anthB333 ree¢esha saifgodlgeh@ateddecigate ndbrhingMtia thé Yoping 3531

n
C

i oM R i B B8 955 ot
dgavevenrels@ parieofobie lsigret ehatged. Thus ére sigiihl & heiakagio is typically
Heot&Nh ﬂh@%‘t&!ig %eké&t@lhgplg%. G4l Bk B e fldfor erjgﬂg‘? 35A. The

ate, The noise 1N dét éctor 1's_comnpar _
gb&]’éﬂ 0 moste wHtior pk theosikipgdetector é}fhtElnggAsfu‘_rCf at ¢he gate signal MIG
t@lﬁt&tﬁ eﬂg Ger ety l:(Srtnbgll@dC ?fﬂg Pﬁxiragﬂisédtoz%t:al ?ﬁﬁa&ta‘i’ﬂ&@ lratio of the
an _t.he..bu ener ated cu ..
BT IR ABsE e ddhe Ste Aetd WG drkesthsrparpsitc to tota
Eapaci@Ble ratidisgirouhd 05 eesptthltg inaa h.alge;\ﬂhatIR%~ gfgrfal thandidBhe prior art
. i 3 cty the surface
eonngs 353 0 AN Ll I AULEEs ot e ot
efnGratadechiees geddhaMids colleestonlyitee ok pewers®dxuarant. Thus the

. 3523 iaaht ?ﬁbr AP OIBN& of PdgS 85R%ssqRhrel 228t BF 8DHigher than in the MIG
‘ hu grat oilst %cal

har ges the signal to nals | yp 1Ty

Sty hu Hee stimap (apterdHodn e MIGsisteaah s Astimaied to be 2.2
sitwasphigkérehhoin die friig: arB8étectbiof Fig¥gA Lo noise ratio

of the strip detector in Fig. 35A and of the gate

T N T T
Pixgl, wbere theansent adrsegnal whaige iganeassiagh AheMdSicepiesented in Fig.
B PRupEkaible of bk EIRECURERCE Gifthd i3, AL B fsfRon than a
gﬁ@rgaé:\piu led %@CD,){]-\&N{W@ the @ogﬁgtt@gz @’f; thethuxel gtgnggs 4431, 4432
dodidAgds ofahé st ddrelustvit e OfRIANLE eDal BBRig13¢ charge can
B Gtr%%ﬁo%?etds ignltﬁ/e thﬁGb Liiiferg 904" aﬁ"ﬁeg fﬁ&re{ e?fzng? ucs)pﬁgt% alé;o as
antiblooming structures. The signal charge in the MIG layer can be removed by
applying a clear voltage between the channel stop dopings 4421 and the pixel
dopings. If the device is front illuminated the size of the channel stop area should be
large in order to have a good quantum efficiency for blue light. The cut lines 4480
and 4481 correspond to the cross-sections presented by the Figs 44B and 44C.
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noise in the prior art device of Fig. 35A is square
root of 20 higher than in the MG detector. Thus the

w@e@nal728b noise ratio in the MG detector i s BCI/FIoiad005s

to be 2.2 tines higher than in the prior art detector
of Fig. 35A. The signal charge may al so be transferred
across a nunber of pixels to a2B8eadout pixel, where
the am)unt of signal charge i s nmeasured. The device

%er g#@d 3? @@aﬁﬁg traéq%g%}? dev! gs of different

anamifadtudiagl nmet{ddsDyf thMhearoveh Mhﬁtmemaf .SThé¢ stdreini peint of these
4 3

SR 0 Sy o g T St e

t QaSn spay msau actumueg m@els&peesemd inTfigs Bi2Bet 8pirergmbles a CMOS

‘iﬁ@éé&% eNPFEY BB aRb nRARAHP E‘t%gﬂ\va %E%rgﬁgfggﬁﬁl&fihﬂﬁaind a drive in is

d%e : 'erQ@r@em B ¢ ik Raiheandss a@pa gt 5292 Poth being of

aadonidh Q:oﬁdﬁ@tivﬂ%ﬂ pthThé fwélh EBZﬂ)ﬂVisf Qs foFrRNthe MIG layer and the
ne area s

d
st 3Bt EP%FQP 390 i, 051 §0 ARG, ShAEFRRC AL yhe MIG layer
fdoping. Ua Figgh2C diteemaskinpistes ohaddpmnt of4iBikt condwspatydtype and a

Eﬁ!éfeqiﬁl is ?%%r@%@tlhqggﬁp{ @)iﬂlt ﬁ’n%gge(ll t326§ j&%ﬁsé%@uﬁﬁ%vny type. The

@Cfé%é barrisy layyers by Big. 3aBhuiflaastoniermgaskesthpdad implant is

%farﬁét?oﬁlotbeforh‘l fﬁe k@PH@%ng;@%@éS&@e&bﬁQchﬁﬂﬂetnﬁfy typRSFhe doping

ot &3.5@?015 ﬁ%ﬂ el e ih 2 1Rptengl 813%1 chagge clear contact. At
rﬁmu;ft@ﬁ alsd @dlerrrrﬁ@sics@ncbfrﬁplaﬂt S@ph ﬁaﬂfb@i‘pe@ﬁﬁned%ﬁmng for instance

SRR 3o R, 6505, Gt S TEREALAL doped reins
pefitérothis dni anneatieg step fopenfarmed Iwidgh4s afnﬂoweddgeme formation of
t

R S5 Ay St
LT RT I N ) O T —
pesdentegl i Efgs GBA L—"'Bf?@nlln 3*1 of BBat oﬁ@tflﬁd?é lstélpt YonkYREplant of first

erformed In order to fo

TN AL N 0 N E AT
tChadmtt\rlt}etypeayﬁre WBH 0. age Bsahe |beaser tayer.nasKig t33B two mask
| &5 .
G0 G R DN on
tOIﬁ Is éllecMMbd@W. 3304 y@@t & optionph ﬁ@h@cemeghéﬁ% of the MIG
DT AR ﬁg?@n@ AiHsRCtep Ahd to'ﬁlesseéélﬁﬂ By §§ﬁ9ﬁ@§{e #arKin Fig. 33C in

st eps, gan. be d for
Oﬁ %fa‘}?c#& Q\%@Eekﬁawg %ﬁic}st RiB&¢ %ﬁwo&teﬁend conductivity
my;mllslcmsbpytlmrml rsihiad eﬁa@@pﬂ@hﬂ(&gﬂteﬁﬂ STheff\fé 6n 3306 iea local reduction
ich i
PRAREL 088450 BB TSR, Bl SO A s st
Dthetmghskt ted irgplaat steps ayay be parfommetiadent angnmealinglstep is carried

I
trt))'rilg Svgﬁt‘ﬁ ﬁ’g@%&e%?ie 'f%@ti’qlp glt_qﬁﬁgtgﬁé?ﬁdaﬂfe?al' ]%yers and of vias
§1@I,95g dhe 1$q{@qog ayess. The gyell 3305 formlng the barrier layer could equally

well be manufactured using a medium energy implant.

The manufacturing process presented in Figs 34A — 34D resembles a BiCMOS
process. In Fig. 34A two mask steps and two implants of second conductivity type
and an optional annealing step are performed in order to form the MIG layer 3404
and the optional enhancement 3492 of the MIG layer doping. In Fig. 34B an
epitaxial layer 3405 of the first conductivity type is grown on top of the
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conductivity type and a drive in is perfornmed in order
to formthe well 3305 of first conductivity type. The

wWowei07/03386 acts as the barrier layer. In Fig. BGBFL20M®/000058

mask steps and two high energy deep inplants of second
conductivity type are done in order formthe MG | ayer
3304 and the optional enhancengat 3392 of the MG
Iayer dopi ng. One nmask step and one second type

ant . are idin 0.y 33C. 0 N, der formthe
SPRUFOUbEH o pstate 1 Tg .ea&aélg %t 06 Eutsrdhe barrier layer. In
déigdB4Ciotiet masly pepi alda(bn@ﬁtsto lgunais ohde @@ tkapilayer 3405 in

Coqgélﬁg(}r ;f?%&'r? ﬂ]é ;:%%eq a% }%ﬁg ?’ tl ?&}do @1% %%tgcg aﬁ k;ggagl %?JgpgcquM At this
ctageaether mask hind lmpé@ret sé¢nsomey fherperrfrginedrid ordpt tnform for instance
$he péhrﬂﬁﬂél b&o EI? P o?éfﬁxis "iﬁeé’éﬁh@&ﬁl 4l r%)éﬁfo?lﬁl '1?1ask and second

carrle out e for t1on
.@aﬂa%w%ﬁbﬂp%é{l%dmma%@rgyaﬂapléflt vieRs 11 rdergke fhem a second type

chfpluag 0493 apeween fHeecle®! bord@@S343r shd1¢thd MICP &yl S404. One should

er, coul ual Iy wel | be nuf act.ured usi
U tcH Py 6Pl S Sere e R aexaiiinh reseycadant is low only a
pedyaivneof tha nlét bsrrﬁﬁ/bayer Slbpingeis eohiltes wmndsr Gdd8ear contact 3434.
process. In Fig. 34A tvvo mask steps and two inplants

Qﬁnes SR&NE 1?(9( qat gl\él % ?&%For mol?‘%ﬂﬁ%? éoaﬁgﬁﬁ’fagﬁgﬁ the novel

|'aye

or ne
3\4@&4%&6% §rigpt @?ﬁﬁ%ﬁl@%rﬁw S4hemother e exing mnmsws other methods.
Vldu@lfirﬂrocﬁlé&i AreRh prdcdbs kt@w bf %feoalfféreﬁﬂﬁethods can also

f
e Rgdacing: Y Subon o8t e e Rxeatontagrand the channel
E&QBdépmgﬂs nbeptmeniedrinlthy &ligs 3DAF MDWIM&G&H@@IK’ stated they can

S 9 3L P BRSO P gt i
é)ﬁﬂ h%@a@pfacenad fmmathe cd@mcastof:ﬂga 32)?51 33(1'1 andt3de for instance by
%trﬂﬁl'in koeRR i ddTBE Bfathuik nnelg ﬁgﬁﬁ?ﬁ@@&dg@% [c)g@{ces of Figs

f or | st anc he C
p:& and 34 PPoah Pl uafer. a?ileae §§Howarfeééwal}w sAngigonductor layers
tayidebetadtien nthene rO@E isoRk@nayet. elAftelﬂ l.(hédﬁﬂhef ®ehfiEdAductor surface is

ﬁ%&“{g e& ?\q{%‘)ﬁ’ﬁs g S%%@A(ﬁﬁglﬁf gg{lrhg %C?l%fiﬁ:@low the active

@t@eomhet detsc@eammdi thy m@lamenl ilayrerdm eemhednﬁlfmntthmthlemﬁolator layer

2B bRl ALd a9k sifieh B bR G4 E6E IR AR il Gppctor layer,
fgaff theebylk apes @é&}yb?) cewsnd for imstancel Wlt@n&mtufeﬂccmle coating.

the novel M G detector are just exanples. Besides them
Hﬂﬁrﬁrse&bﬁdudﬂﬂw@f B8 n@dyBé nEpOads thd B@cd?fdeé/drﬂﬁéhylty type may be

A gﬁreﬁfgtoéﬂéaﬁﬁ 30 AL LA a41E tkypglicable for borh

dragé and Taek situminaed deteotoas hind ady tcbmbihaiviedt Sieﬂ’pcan be used. It is
, n
So8LT8 © A0 FEERLTDABAE S Eock S 1 1 - 200
&tl §ll41‘At atﬂ émayudsom usgddntthe MK&dctaclt(bmpnea@ntedi by the documents
OUANORLOTBAHH PGWI‘%@OB/OMBSb%nQ%Vﬁ?gS ¥ SR tive back side
CEZD isgc and 34D for instance fy
ayer. The pixels may have any shape or form instead of the ones presented in Figs
11, 12 and 15. One can use instead of the double transistor pixels single transistor or
multiple transistor pixels. The reading of the signal charge a number of times is,
however, twice as fast in double transistor pixels as in single transistor pixels.
Instead of the MOSFET, JFET and the BJT one can use any unipolar or bipolar
transistor in the pixels. The source of a FET or the emitter of a bipolar transistor

may be floating and it may be connected to a capacitor. The pixels may be
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grinding the back side of the bulk [ayer 103 or by
manuf acturing the devices of Figs 32D, 33C and 34D on

wa200h78f er. The SO wafer has two sen conducP@r/FI2006/000058

| ayers and between them one isolator |ayer. After the
ot her sem conductor surface is processed, the other
si de of the sem conductor wafer25can be etched bel ow
the active area of the detector until the isolator

i . IS4t i sol ator | ayer be
ARl R en ik shabo Elird PRARS, wRiehr wEcbudia of MOS
SUHCEBRY Rt O depipgs  nj order 66 inprsabrilthe Ipayedrarmay The dopings of the
davertsh frly a'ug@ btérﬂﬁii@‘oféﬁ:iﬁ oy r@%iﬂ@ﬁaﬁy?/&gﬁéﬁ%iﬂr&ﬁ%ﬁgyﬂaving different
Vit ) ne
l;ggs f aaﬁqgﬁg?lfq%gie?, %%&ggﬁ,ﬂpsgé agd@ﬁ@r_entﬁ@nductlwty types. In some
exaberdiheelopsngsfmEy glsolik Iﬂp%&é arith ﬂﬁﬁllblie ﬂfér%?:gﬁtacts, i.e. with Ohmic
' illu s
JRCORRY Ay @boRbd, The R RO BRE ot Soaclisably siticon but any
ioghernfeamicanductor ﬁmt@ialhaaythmeumlbdﬂiemﬁi%mgd:toz Znélterial could for
drri i .. = ma
panopose QL) St i BANILIHE s A 1307
¢ GRRIACS tectherdisisout glspaees ansdnqecshomimg oS/ 0lzoBsd stpddopings are
loptiongl inhthe aienilies taf & gh aT kng igdhd ﬁﬁéﬁrmaﬂ_ BE fRiaX s :Q’t(jg%ycan use anti

e or.forminstead of the qgnes presén
PEHEEAR o3RRS, SriptTlorARAERS Gk anici deses on beid front and back
didumpinated defsttoror pi xel s single transistor or nultiple
transi stor pixels. The reading of the signal charge a

o, O B S NUE A SASERSRLg BRI o e

ﬁngggl}qg%szltrgg tﬁlﬁéhm@m,th@] FTEGFngmid wolteg8)dy omemsurng ube change in the
ansretiniIRi@g tiiouBh Bk NIIGFETSHS rrgb%t%%%{ﬂ?'tﬁ@'oﬁém%«? ZII} a voltage

?@rgg)rug z)V%f 3 Ep%lgl ]gﬁr"w%}te tl%ta%gé Ob e vpliage gut@uir: %]rsrlesponding to the
chgngsi indhe clifrenpiunelisy thayuge sy MOGTIET "I]E}bé zﬁﬁgﬁﬁ;&i@i hal charge in
UCPOIIE AT SIHSTE o2 bR ShUife KR eBeF htouriaisahe change of the

tructures or o
%qnj(t@qr avEent ohéydopasesngfthe hehanpge dnt hamlnmsh@ht@at er a known
i - . ' [ i S, VI .
oo 86, U gy B BNt 9 IRARL B Do i cumen

gh{ﬁﬁ% ?E]Ié’lugﬁf t SOWHUEQQ o thy mpgsuring rﬂ}% ehengasedhe Hmse or emitter
thopihodd Tiey badestirdsbol Rl RESMJ ks &id Ba%@'v?lﬂggé at which the emitter

L.e. with Ohpc . or Schottky typ ntacts.
SRECE St fo, g%li-ﬁﬁ%ﬁ%ﬂ%%hr?%wga 31 &7ikpiyl 19135 Beremitier voltage at
whichotheesmiglenicomedustacts toatar Tfrhbrerrm: eﬂlgb @gﬁﬁl éégﬂa@ charge read out

' t terial . co r_exak e r man )
jﬁr,ﬁlgi%gﬂtggkgtﬁg pﬂggi ﬁ%a'g tOH? Osllj%lgn%eg oAy ﬂxo‘jye | @g; ollisiange capacitors,
LIPS, EsHQISteCt 0 the different dopings are not
shown. The channel stop dopings are optional in the

ldéy irnpertait tbigse tiatang MIGRHabRE Xlegﬁé’mgﬁ aﬁﬁ(ﬁﬁﬁé gg sig%lecharge to
§PReMS6 42 ke LET Lect i on caatings, ‘scintillator .

X det §t§g ﬁ“sn?%nr epghgeé(g ﬂ}y g agn@e.lsgmm@gcwhen tl_lere 1s signal
dhargarim ahe MH@} bytenmvidheha il dg%g% %ﬁittﬁ@g\g@, b¥ making a
h8&uMiR R wieMiEE s %%nsigr?alocﬁlta%lgeg eby su rtre{crtlf?lgatﬂe first measurement
from the second measurement and doing this n times. As a result the read noise will
be the read noise of one measurement divided by square root of n. This is, howeyver,
not the only method to detect small amounts of signal charges. One can also design
the novel MIG detector (and the MIG detector) in such a way that with suitable
operation voltage the signal charge transfer from the MIG and back to the MIG
results in avalanche multiplication of the signal charge. This avalanche
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by neasuring the change in the threshold voltage, by
nmeasuring the change in the current running through

wo @7V BFET or by nmeasuring a the change in a ROI/FRH®/000058

out put over a known resistor the change of the voltage
out put corresponding to the change in the current

runni ng through the M GFET. Theganount of signal
charge in the MG of a MGBJT can be obtained for

i ns ce .by nmeasuring t change. of the emitter
cnlGlcaget WGf?ea% e r? Brigaes miigr yelich dbe sigaltcharge has
Qmaltqﬂle@nl@\/\N kesratwhereh® Bhgwegeydldhdheemvtip lﬁﬂﬁoﬁlgzﬁ?ﬂtof a single

RGN 0805 8, 38 R0 LR o0, R i e

eli{DWer ﬂtﬁ’ beh olethodshenbase be leoadtindd) iies onetcen fist perform the f1rst
ARethidl eprﬁisﬁft&oﬂ‘%ﬁgﬁe §E% ﬁ{% i esrﬁy dfl{s‘? rm&"ﬁ%ﬁfg%. the multiple read

starts to run IS rerer .
tiRetheg is thegfopmied agidh é@WWh aplhhftdq biagrijaltages eud rthaisecond method, i.e.

Sstharavalanehé Whin AREER] A Serfbrafe i@ higheh ﬁéi%lfé@f)ﬂ@ vro?ﬁges Such a

t h Il th d t hene i nvo
fombiped E@%‘?‘ggﬁgﬁﬁ%@ RIS T nsr i o U GPIE Faed method.

It is inportant to note that the M G enabl es very
sTnlEﬂhb Rgoilb; $2 ahdsisgpekemthey ggrowp bé foat gixeBdhe Thirg surface or the

%%rﬁ%g lof V& @iﬁmﬁj Q%g(egsyﬁlagéj ES@%@ rl})ﬁ?hf Eofoﬁﬁf r'fﬁter %nd possibly

n arge 1 n renovi ng
c\ﬁg g)@efqrdnolteh@lqwdpnm Fh& uppeamestand kveest pméru:ould for instance

theea beell Q:o?dlﬁrﬁlltelciiﬂ @8 leRYardUBE rr%k t;ﬂ)@er}g&gllé hhvd Rlue and a red

ur nt from ond asure ol ng
ﬁ@?%@rg&%ﬁe@% eTl%@h OpkaH ﬁ@i swiagq of fhe @qx@ctp@a@ the Figs 11,

N el 05 comalsoesstsver@niyidhi a/sldgré &Mo@ﬂﬁﬁé éRfbly Q\ﬁtmrmcro lenses.

h hqd t tect
kB B B 5 S0 T el UGy s i
Hostehcavir@, dgreen tamd Phuedartch prdfbﬁbdiﬁtthmboseparate ships are used in the
|
1% A T O AT A0 s
rtB%I‘@l qxgsts HO a\@‘atrah@ﬁé inihe baries b@meé heb’f'eqnﬁbe shganrgl of a FET and the
(MEGQderTﬁhcﬁ béﬁéﬂeﬂ%@ & lof R B?FtdnﬁnthBYMﬁ@ lﬁ?é} Qﬁce such a neutral

REF4 Flstas PR iR e amaiesiant. o shldie die ated that all the Figs 1

ruBSB Ealre: aat icostafmamd dﬁat allshaghtssindnaétat lt%feigsépresented in the Figs 1
enabl e

s ey S B LS B el o v v

ahgd.ie@ étrugmsnmjorder &0 reshsedhe nfisalsgnmpentf afr the trhasksi hsstead of the

'Eﬁhﬁl&dFEFQ ofté k@ﬁldt atl% chF Bir&@aP FﬁT@ETEQ ‘f*tsgug%re?lfe'lfo‘f 210 scale and thus

e read net ho

%‘F @r@%\%rtﬁﬁﬁé@a@l 5‘]085 AINghGas bmiuohebigeepiban presented in the
figured], There mdyhelsavisd @ddiﬁ@naallapemmﬁs de%ldéeffftﬁéﬁﬁ@l not affect the

Y&@%ﬁ%ﬂdnﬂﬁﬁﬁyﬁgg ,-ng Sw:émv c %‘g‘gtlf’ﬂ%ln{]at %@C?@p the g(g instance thin

rleyas wé sémitontnctohendtergal dffjirsd@r sovdnd Topdestéevity typea
group of four pixels the front surface or the back

SF{fefr@ Of1sd BE réé&gbﬂd gé’lg{:tlcﬂi EebFofiRl oRGhE WRLET Bp2A device that

ter an
1ncluges a detector accordmg to an embodiment of the invention may also include

other semiconductor chips, some of which may have bonded connections to the
pixels of the detector. This enables building very compact structures that include
detection, amplification, reading and in some cases even storage in a very small
space, like an MCM (multi-chip module).

The 2D simulation results of Figs 36 — 43 demonstrate the feasibility of the MIG
detector concept. The Fig. 36 represents a MIG detector having a n type bulk layer
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with one or nore micro | enses. The upper nost and
| owest pixel could for instance have a green col our

wo pdover728nd the |l eft and the right pixel coul dPCTE¥E006/000058

blue and a red colour filter respectively. The front
or back surface of the detectors in the Figs 11, 12
and 15 can al so be covered withk7a single colour filter
possibly with mcro Ienses In such case the light is

B TS i 5 S s e

t368de 368pandt3s36hicpas aa)lﬁcaﬁdeﬁnldb ml@&”rgdga% 36%1 ahdl%th are used
e ne

I AREA L Bha LAl QDS ﬁ%ﬁ%féfﬁﬂgg? A8t e SlpBPhtacts 3621

| 2ag asedEanveaginl icher gehelearing. dfhecerfbi@mcemaentt 3&92\A>‘L"GhleeME@ layer doping

aﬂ@)@'le@t%ttl’i@ @fgntathﬁg\%@w‘?ﬁclﬁa@%R@snﬁ trhhsecaMa Gl‘hé’)!ﬁﬁatﬁiﬂq%wed in Fig.

creases nolse 1 n

s neutt.a

I’?&fﬁ@lﬁu@h&mt% ter the §1|g89 ehasge hps be%fﬂ@érﬁtdwlé}f applyinge clear voltage to

Eihgﬁnélt stl()§5>3nﬁe[c€ 3t70stl§)§f@d ﬁle?ﬂﬂlaﬁ'élbﬂt afedr! sdnfe bﬁﬁé génerated holes

and neta nted in the

S L PSP g5 o uty i St i 3

he diblesi ial thedeftslocale¢fhantemaridos theudbilW tayet Wopimbesaret shifted to the

C S . t . o

e S 0T B BB e vl

ftragmf‘élés o thenpixel di@é%gsea%dotth@gatqse ImMEg. 39 thadwoles in the right

%ﬂﬁﬂ&iméﬁt%f N/HP} e af! ﬁlan@eﬁ%ﬁrtot ﬂ%nlef’cr &igntedent of the

llﬂg(t}d P gloi)fnsgt h¥y%8 ag@ilcag}ago smﬁ%) gltgpotlaqanménsts Itg the pixel
rohpmgspirﬁl tofthe lpateV] IBis Supbrtastdbtrot eat hﬂ)tﬁé potbﬁﬁaRQn Flgs 36 -39

¢ L0 se ondu r_ma
9% 100 SHARCBRD R B L R TLES B R ) g8l e e
rceadentratioseine bottohoaal ephawremsnto wftthe MéGekalyer dohings a#wd Fig. 41
qﬁMW@ 8hé B@fnb?rﬂﬂ MoA8 S ofcdftfnSs tﬁF G0&A1¢ a%&n@&%lﬁs of the MIG layer
diment of the invention may also I nclude other
IEﬁanduct or chips, some of which may have bonded
connections to the pixels of the detector. This

dndtip el fheigodédithly of Yhecp IPREHixe! tup gf@%t @ thd pqw@l @lear contact

S0 9 UL LGRS A RS e s
(holgst dre clocwmninded &) theMEGAByei albwtthemp typs lp|1xd dobirtg ¢233. In Fig.
31@ theﬁeﬁ% gf)feﬂ]ﬁkfsh'&}afn%@g é}ﬂlilthé Yofds Jalilxemmrgfreely from the MIG

det ect or represent
deyesciprth fh&\]ﬁfﬁgc%lltﬁcﬁ ﬂy@uﬁm e ay@mo@0plagp42%eBw@es the afore

|1ﬂ&‘@<ﬂucje@4ef%ws the YRMIAMS! Bivel ho®in &P thel BBardke MPBireshold voltage
p| xel 1p ﬁgg 5831 3632 and 3633 act as source/drain
ﬁd‘a“’ tthen §

—~=

¢d3641 and 3642 are used for
neasurlng and transporting the signal charge and the
channel stop contacts 3621 are used for signal charge
cl earing. The enhancenent 3692 of the M G | ayer doping
coll ects the signal charges which are holes in this
case. The situation showed in Fig. 36 is straight
after the signal charge has been cleared by applying a
cl ear voltage to channel stop contact. Fig. 37 shows
the situation after sone bul k generated holes
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are accunul ated in the | ocal enhancenent of the MG
| ayer doping. In Fig. 38 all the holes in the |left

wo ewalo7eshancenent of the M G | ayer dopi ng ar ePGhFR0@d00058

to the right | ocal enhancenent of the M G |ayer doping

by applying suitable voltage transients to the pixel

dopings and to the gates. In Fi2§. 39 the holes in the

ri ght enhancenent of M G |ayer doping are transferred

t M@Qeﬂ enhancenment of the M G | ayer doping by the

a(glp' ion of suitable voltage transients to the

pi xel dopings and to the gates. It is inportant to

nbot e A hamiednduche dizivn dtscton devgs, 36mpridhhgas dullhéayer (103) of

, atjan _of td [ i ff . .
éﬁgﬁczf@“sﬁ%ﬁgﬁt%@ﬁh "o it AR BRe G st pEEdayer (103) in the
deHawiegeries: of the MG | ayer dopings and Fig. 4 1

shows the conbi ned hol e concentration of the |ocal
enhaivaei@irfedhl LR 14&8 (184808068 fnicbRdidlr 82sddd8d conductivity
otentials of the p type piXxel ‘doping 4233, of the p

t B% cl ear contact 4234, of the n type clear gate 4243

and of the n type doping 4221 are such that holes are
accharvientaydr (H03)hd shhidmipetortod|first ¢dreluptivitpeyme xed

doping 4233. In Fig. 43 the clear gate potential is

(o} e lhe n € f t
CPRASyARG, 1, 08080 57 o0t 291 P Sopaucor of e
Aooand pendediyithiynss ddaptedt toobeiseuplets e ek laase one pixel voltage in
Priet @tdreas i .

vg | t atge rc an pg}gélﬁt(;?lg@ét@r?ggh%g %%]e}é{k%{]%%s,fh akﬁét%?ﬁ@h‘i’n tha:

sepl conduct or radi ation detector device, conprising a )

5 Ik SR o st s e ST brocitsl Fpuhl g TS roltage being
fdefiged asafptentod diffierehod ketvasearthé R dopiriehend thelfowd dntact,

order: - a nodified internal gate |ayer (104, 304) of
SEM : - av - a barrier
e PSR SRR it b BEg © P\Ey

tyge and - pixel dopi,ngs (111, 112, 1331, 1332, 1333, _
1389 devisg glpes ROk eoMBE e b pecomd;swsfase ©f ke bulk layer (103) opposite

O e i o ASSGIbAK UeoRY, AL ol kALt secondary
L. Xel .0 a . i I X S . ..
s ;%%?‘% s %Cetb‘f%fﬁa d’g;ﬂ“ﬁ @%,VICE RaF 48R G PioBlfyntiongs-a radiation

entriyeviddoince conprises a first conductivity type first
contact, said pixel voltage being defined as a

pact, sa \ : . h |
Pt E?"%%B%df“%f i ool e"f’?&%?‘?%?@#%?w?@%sf’ wherein a
QgRsE 1oty PRl opingsald 1. 117e 138\ d83d0d83A0t 384nBR0&k comprise a

ik ed-speCiPRcr A4l t@CBuidf off R lﬂs&kd&;ﬁngr sdid 93hsRRRARIAE  field effect
urface, a co d&{:?t i ve, back side |ayer

o the first Y )
ﬁilﬁlg.?ls U?H%ﬂf?ojﬁ% thlsggcé’ﬁ 3l semiconductor radiation detector device

comprises a signal charge reader circuit adapted to measure electric characteristics
of pixel-specific transistors related to effective channel or base dimensions of the
pixel-specific transistors.

3. A semiconductor radiation detector device according to claim 2, wherein said
signal charge reader circuit is adapted to measure electric characteristics of a pixel-
specific transistor related to decreasing channel or base width caused by radiation-
induced holes or electrons accumulating in the modified internal gate layer at a
location coincident with a pixel containing said pixel-specific transistor.

4. A semiconductor radiation detector device according to claim 2, wherein said
signal charge reader circuit is adapted to measure electric characteristics of a pixel-
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charges outside the active area of the device and that
woul d function as a radiation entry wi ndow. 2. A

wa@eos7oonsguct or radi ati on detector devi ce accorBCHER0@/000058

claim11, wherein a nunber of pixel dopings (111, 112,
1331, 1332, 1333, 1334, 2206) conprise a
pi xel -specific transistor built29on the pixel doping,
said transistor being a field effect transistor or
olar transistor, and the sem co or radiation
ARG e Eelatsipior Wereaging s%am £ gt Padiesaused by radiation-
cindocgd chdaphedrt lqblarsaaaummthmg: i thec heydafié® nhtinat Scavé layer at a
rs . related

S ifjc transist
T e bidsy M EREHEf Qb i S Bl Fapsistor
transistors. 3. A sem ponduct or radiation detector
devi ch sstyeprluston mdidtmimddectmhelerios asspriling gaainy of claims 1 - 4,
ChihSi8sih € adehn a1l o0 neasure electric
char%gstlegl st gs losgéghrﬁai)gﬁggﬁﬁ?ﬁe%s transi stor rel ated
decr easi ng, channel or ase WI dt.h caused b

r di atiSGHL Borﬁ@El@élOBr cdeclor AB¥iEe A6EQTRiNEIa flgimp, wherein said
tdhanrrelohtbp atka CUrRprisds c@@ﬁl@gsl @gper 122, 1a121o dapi ors21, 1721) of the first

FURB AR e M BtEliafI0k SpBodth G HratBhesOR bibbarea t e

du¥else accordi ng to claim2, wherein said signal
charge reader circuit is adapted to neasure electric

char @&tsﬁfrh%ﬂdﬁ%t&fraala@i'oﬁect SREG Hé\ﬁﬁé 'él@&ﬁ’dg‘fggfo 1818 8dwherein the

t i ncreasi.n ase wd
el ok AQ %@a%@r\&% RIXS S&prlf%p@@d Hk@@rﬁﬂsb@@fﬁ@cﬁ n
the nodi fied internal gate layer at a |location
i ncA denticondueta@ mpidicgioncdetbaton Icieglcaaicdoﬂhﬂg lto e 7] Wherein the

BRI D, U SREHSATE OG0 85151 et g chamn

e depings.op ar ea bet ween pi er s. 6. A seniconductor
radi ati on detector device according to claimb5,

wher e %eﬁﬁé&cﬁﬁ%}%&aﬁoﬁpdéfé@c@ ﬁ@ﬁi’éé , a%@érdi‘ %'t@ %?alﬁllg 1wherem the

1121, 1 1521, 1721) first nductiv
tlli}élé layeq, & HP%‘# tfir‘P@ Eh@eswgsq;qrgaqey dhe semlconductor radiation
adenebtort desiitey iscitimaansdd feorh fige PAckeduifacé (1602).
sem conductor radiation detector device accordi ng to

Cl()aI M s@mi c\fgh%%{og %Hﬁ{lﬁg n?eclg?rs%o\ﬁ? ?c': rgfc'ngz% any 7Of the claims 1 —

i Xel's "correspon
sﬁa rivieeratiu theoflrst aingadt dA2Heiseon dhe deavk sarface ¢ 62ngf the detector, or

uadige %he Wogve 'a?eiﬂﬁktﬁﬁcf?&ﬁasru\ffa‘élé 19%% otfg:ﬁ% cf&«%tor or on the edge

gﬁﬁ@n@é ?@tdSﬁe“ﬂpr‘F Hps. 9ayir52:necggdlugfor radl ation

detector device according to claim8, wherein the bulk
I1dy erA issmidvndnetbr fradiatibh eletRtaNdb eel ﬁ@tﬁﬂ‘d@@dotdl&m 10, wherein the

?g&r#c?#gqulgggssﬁak %&%ongdei P rthe(:]I Ul ?a3|/esr altre co ecfaed gy the first
contact (725).

12. A semiconductor radiation detector device according to any of claims 1 — 8, 10
or 11 wherein the detector is illuminated from the first surface.

13. A semiconductor radiation detector device according to any of claims 1 — 12,
wherein there is in the barrier layer (105) of the first conductivity type a doped
region (1393) of the second conductivity type or a local reduction (3396) of the
barrier layer net doping between the modified internal gate layer (104) of second
conductivity type and a pixel doping (1334, 1434, 1634, 3334) of second
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10. A sem conductor radiation detector device
according to any of the clains 1 - 6, wherein the

wo e030728Nt act (725) is on the back surface (1PQy/FrHo6/000058

the detector, or outside the active area on the front
surface (101) of the detector, or on the edge (700) of
the detector chip. 11. A sem cgpductor radiation

det ect or device according to claim 10, wherein the

secandary charges, that are, generat i n | k.| aye
SRONER e PO dywherath et isTe enat (o 305 ,404; 1688 Between the
seodidddutiredl gadelaer 01040 eindahe frofe vindeceasibe dehdtéro
any of clainms 1 - 8, 10 or 11 wherein the detector is

[ ' I £ f 13, A, . .
i ob e Cendeior Bidong e BH0L HeSice: RooRling g i 3, wherein a
e 01343, 148, 1643, 1695 eadspted trecentral tha fidve ofargnakcharges from
| .4 . H 1 I

o ?%%‘{lgé)é%@“%ﬂ%%ﬁé laet éﬁ%mﬁéﬁt%?#%idtﬁﬂ%gﬁg?qﬁ34a 1634, 3334)
|G theclitet puraceaabte deiceing thrmnahdhedopefl TRatonigoRy of second
bﬁm\dﬁgﬂﬁviti] p@t?ﬁirbhg!lfﬂ thefoANRIdubBbde (fl'ﬁgd@ rof (tﬁ@?%?‘i layer net doping,
secon Ctiyi a opi n ,

i de el 1334 Y8R ROBEL {0 P e or

wherein there is a trench (1334, 1393, 1494, 1695)

blex. wee semieondugidrirediation eleteaitomdidce agardingOe)claimd 1#hevherein the
f 001 ﬁ%@g%@ aqog?ﬁ% ofifil& ?:Bﬁ&ucti’l\/‘iwg@lpé?ﬂ@r}d uct or

radi ati on det ect evi ce accordi o claim 13,

rejn a.,gate (1343, 1443, 1643, .1695) j.s adapted to )
g:ﬁit r& SCRHOTAUG rd‘ﬁglﬁlgﬁéieteaﬁ%rr c§ pesATEE tooddpim dd. wherein the

| guteisfarmeatof al MYXS sttddddie 11348 he64B)xel dopi ng (1334,
1434, 1634, 3334) or to the front surface of the

ec . t he. ed . reqgion.(1393) .of second .
Ehab bR b b AR el fabe 4kt BEMES0glpims 1 - 16
ofhersin daegide(1T20)ef fiust corpictiitydype br euggmch seructueach727, 1728)
pEaefaed Wbk G mAdRYL intomal T g8 6 S0cting conductivity type in
viHeeioimmeve theecqliectign of dheysecgndaiy ¢harges frpmsthe bulk layer 103,
conductivity type (1443). 16. A sem conduct or
ridi aA isemictaidectarrradivios aletetor dévide hocddaignioldny of claims 1 — 17,

TRRsTnd SRS Lodnctan 1430l Toh e digh. 34 Limproving the
acparrationgfttoe signabdndwmiare general&@] chdrgesi n a regi on
(1726) of first conductivity type or a trench

Sflg, Uck %éﬁﬂé&lﬁ%ﬁor]rzai%ioﬁedé%cg@f &évg[&@ 59&&?%/&4@)%%? R{’ bffms 1 — 16,

internal gate |ayer ot second conduct] vi
oVl heimpdified 1nteanal gafelayenis dscant@ussdondar y

charges fromthe bulk |ayer 103. 18. A sem conductor
r2di aA isomictaidectadrradirvionaledettor dévige hoc@dingdto €laghnNb cdmprising a

313 o BRSPS el 47 s b e LBONGRD oe enve
ghehulk laydr sud flieceoddiedriaternialcdate tpysr.

21. A semiconductor radiation detector device according to any of claims 1 — 20,
comprising at least one of the following: an alteration (1929) of the barrier layer
doping, a gap in the modified internal gate layer doping (1991, 1591), an
enhancement (1392) of the modified internal gate layer doping, an alteration in the
bulk layer doping next to the MIG layer in order to improve the signal charge
transporting potential gradient in the MIG layer.

22. A semiconductor radiation detector device accdrding to any of claims 1 — 21,
comprising a local enhancement (1392) of the modified internal gate layer doping
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19. A seniconductor radi ati on detector device
according to any of clains 1 - 16, wherein the

wore@f7287 i nternal gate | ayer is di sconti nuousPCRBI200%/000058

sem conductor radi ati on detector device according to
claim1 conprising a | ayer of sem conductor (808)
material of first or second conductivity type between
the bulk layer and the nodified internal gate |ayer.

21. A sem conduct di ati on detector device ) ) )
s dhe §a&eoofg%§wg§ cffes fansistor op undeiilie; epHipraf 3 bipolar junction
argnsistort ineortier tooimmoyve ae @yridniatrange O hdAet&dtot. he

barrier layer doping, a gap in the nodified internal

e ' 1991 .. 1 n.enhancenent (1392
gﬁ't hllé?ﬂrreg[é?gi?(gﬂd@ el’q% ténrgn%alma;ﬁg)?l éz:?lé@gls 1%%Opi ng, an ( )
alteration in the bulk |ayer doping next to the MG
|-eSpaipling aomgaber of pixglsolld 1t hE2.s) ghall4p wargsurface of a semiconductor

trhangipardetdt@ol@dvets iPd pBlefdbRiMe, afidt he M G layer. 22.
A sem conduct or radiation detector device according to

any of. clains.1 -.21, conpri.sj.ng a |ocal. enhancenment
('f?@%m%tfng Fad SERHGOLYCIoR L %‘%hﬁé?g gatesiqrg r%fgﬁ'il%u nder
the gate of a field effect transistor or under the
enhiaraeterisedan bhaiat eemprisest i on transi stor in order to

i nprove the dynam c range of the detector. 23. A

Al g S s e 10,
Jrom % madiaediniemial eais layPo Ahdi Sross eohartiey laser o6 said semiconductor
ﬁhgﬁkifﬁﬁdt%gtﬁr t@Mékal ﬁ]i'rr]ﬁlﬁﬁi (@aD) BY aSréb-aRALIHEHI GiREntial function
radi atj gn detector .with radiation, characterised in . . ,

G Asiey FEBS: Kb EidEh iR dy b [ FAteely Coincident with
giigelal(1t Brimesnodifiedriaterkalnghté foyera104) R04)asiaratéd 88}t to said bulk

f i.fiied internal gate |layer and froma barrier
llg@@(ﬁ‘g?ﬂggﬁd sem conduct or radi ati on detector to

local mnima (412) of a three-dimensional potential _
f-fledeqting theramenny of isigngd sharzefdolleeterditadocal ahimimedhat coincide with
PiRélg®1 bl ng | ocationally coincident with pixels (111)
in anodified internal gate |ayer (104, 304) situated
t to said bulk.layer (103 and -. detecting,the )
ek PR fcotind G clabin a Stcrsiny GHErURg dhfebmpomat of signal
abiargd dempiisés pbseeling(th klectfld .chAravedrintids asfosikeli-sygcific transistors
i 3 ' t inaq: . . S . .
ghga?égﬁeéc%fg%@gﬁégdgﬁggegeoﬁﬁa% a%rhge]r%é&gsg %@%x&-s%%aﬁc transistors.

characteristics of pixel-specific transistors rel ated .
t20- efA dBeihpd ateandiag r Cliime2di wdeseiondetectingighpiatedunt of signal

shasdd ESmprigdsoBieVing tBe-eldtAB IcharhcaGHPicdi T%ikOl-GIRIfMR transistors
24 ereln detecting, the anpunt of si.gnal. arge.. .
Es%bﬁmoe C&%&&%ﬂgw BAsERIeRSIONS Ph ERpixel SRSV TG transistors.

pi xel -specific transistors
26. A method according to claim 25, wherein detecting the amount of signal

charge comprises observing the electric characteristics of pixel-specific transistors
related to increasing channel or base dimensions of the pixel-specific transistors.

27. A method according to claim 26, wherein detecting the amount of signal
charge comprises transferring pixel-related charge across a number of pixels to a
readout pixel, and observing the electric characteristics of said readout pixel.

28. A semiconductor radiation detector device according to claim 5, wherein the
ratio of the channel stop area of one pixel to the total pixel area is at least 0.3.



rel ated to decreasi ng channel or base di nensions of

t he pixel-specific transistors. 26. A nethod according
WO eooclozi2eT 25, wherein detecting the anount of BCT/RED06/000058

charge conprises observing the electric

characteristics of pixel-specific transistors rel ated

to increasi ng channel or base gpnensions of the

pi xel -specific transistors. 21. A nethod according to

clai m 26, .wherein detecti t he anmount of  signal )
iy b EihMAELT TadHI08 JTRRIOR ARERE Pereilie Bhary e claims 13 and
al¥, oglseraimtheberioodf ihiexedt loping coamaationiisahe faBdconductivity type

rvi-ng. | ectric, . characteristic f.said readout . .
DR did S ARG ARHE T Pl £ ot ndeE0h in the frst
asndndiivigy ttype [baimerslayeheloping whthauatthe lofalt teguctiom rod] the barrier

ixgl to the total pixel area is at
ﬁggg?ﬁgﬁggggkggﬁg§é¥%bnductor radi ati on det ector
vice accordjng to any of clainms 13 and 14, wherein .
t rlgtSPaﬂﬁan{%%rrr@fha@&& HRieeten deice Accerding te iskaim fgwherein the
chiadnelt o it ffeltdydfedt aealsist@dbelomo thedbatehef Bay fieRI effedefransistor is

dopi to.the net doping concentration in e first .
BRED B Serp e BRI, TP aa Selaed Baeegizfon and entering
|the ahodifidd cnteonal ghtetik eeteatad asra bayent pidgs inghe $atees s

than 0.9. 30. A sem conductor radiation detector

devi ce according to claim1, wherein the channel of a

field effect transistor below the gate of the field

effect transistor is depleted and wherein a pul se of

si gnal charges generated by radiation and entering the

nodi fied internal gate is detected as a current pul se

in the gate.



