RADI ATI ON DETECTOR, METHOD OF MANUFACTURI NG A RADI ATI ON DETECTOR AND

LI THOGRAPHI C APPARATUS COVPRI SI NG A RADI ATI ON DETECTOR Field [0001] The
present invention relates to a radiation detector having a radiation
sensitive surface, a nethod of manufacturing a radiation detector for
detecting radiation, and a |ithographic apparatus conprising a radiation
detector. Background [O0002]A lithographic apparatus is a machine that
applies a desired pattern onto a substrate, usually onto a target portion
of the substrate. A lithographic apparatus can be used, for exanple, in
the manufacture of integrated circuits (1Cs). In that instance, a
patterning device, which is alternatively referred to as a mask or a
reticle, may be useAPH‘Tb%%QFEFQTQRCMFPﬁ%P Oﬁd‘M’%‘I’WQW%E'Gf ormed on an

i ndi vi dual |ayer of tA®RADIATION BETECTOR ANDAITHOGRARHISf erred onto a target

portion (e.g., COthﬁ?Rﬁ%ﬂ%E W Ré?'ﬁﬁARab{f@"ﬁrD%:TEgkg ) on a substrate

(e.g., a Silicon wafer rans e pa ically via imaging
onto a layer of radiation-sensitive nmaterial (resist) provided on the
substrate. I gpeneral, a single substrate will contain a network of

adj acent target ortions that are successively patterned. Known

| i t hogr aphi ¢ apdﬁ&%ﬂﬂ? RrRentigeendien refaigs|te g radiatiphdetecton havigp peedisdiaeh t ar get
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direction (the "scanning"-direction) while synchronously scanning the

substrate @QE@HL&HE or anti parallel to this direction. It is also possible
to transfer e tern from the patterning device to the substrate by
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of the IC. This pattern can be transferred onto a target portion (e.g., comprising part

of, one, or several dies) on a substrate (e.g., a Silicon wafer). Transfer of the pattern

- is typically via imaging onto a layer of radiation-sensitive material (resist) provided on

the substrate. In general, a single substrate will contain a network of adjacent target

portions that are successively patterned. Known lithographic apparatus include so-

called steppers, in which each target portion is irradiated by exposing an entire

pattern onto the target portion at one time, and so-called scanners, in which each

target portion is irradiated by scanning the pattern through a radiation beamin a

given direction (the “scanning”~direction) while synchronously scanning the substrate

parallel or anti parallel to this direction. It is also possible to transfer the patiern from

the patterming device {o the substrate by imprinting the pattern onto the substrate.

{0003]In device manufacturing methods using lithographic apparatus, an

important factor is the vield, i.e., the percentage of correctly manufactured devices, is

the accuracy within which layers are printed in relation to layers that have previously

been formed. This is known as overlay and the overlay error budget will often be

10nm or less. To achieve such accuracy, the substrate must be aligned to the reticle

pattern to be transferred with great accuracy.,
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-1 [0004] A nunber of sensors is used at substrate |evel for evaluating and
optim zing imagi ng perfornmance. These may include transm ssion inage
sensors (TIS). ATIS is a sensor that is used to neasure at substrate

| evel the position of a projected aerial inmge of a mark pattern at mask
(reticle) level. The projected imge at substrate |evel may be a line
pattern with a line wdth conparable to the wavelength of the exposure
radi ati on. The TIS nmeasures aforenentioned mark pattern using a

transm ssion pattern with a photocell, i.e., a radiation detector,
underneath it. The sensor data may be used to nmeasure the position of the
reticle wth respect to the substrate table in six degrees of freedom

to., three degrepgofih nufibeesiaBnhdon igtied afteuasfrae%vaitfbmmaﬁhgtémee degrees of
freedom rel at ed to.rotatio ove i cation .and scaling of the
proj ect ed na?pgmﬁﬁ‘ﬁt'@?qilng(wpﬁ%a"cﬁeg@??&ﬁy Wgng@gfnsmlsw\)@p%%ﬁepﬁgrs bet ween 10 -
200 nm the (TE)i AtTi®ie-asensirthavia used hacasuroft ﬁdtnetratawueittmmsniem eicd or of a
conventi onal resul t,
the TIS has prg{aéead%r%{ {n%é‘ teasmg\dkﬁ%%%%% rbésrpﬁ'teﬁﬂee) I%Jgﬁt?% eS| Peto i mage
ever smal | eratgghstraterigyet maxheatine pagemivite ading widt Wr@mment densities,

there is pregsdiRgth Qfth@@kﬁ‘cﬁuﬁeh‘é‘dl%ﬁe#@gghw%as&l’%@gfore'n{bnﬁérﬂﬁrmdr!@ mai ntai n or
reduce overléé errors, there is a de g kpﬁl nor e ust TI'S. SUMVARY
t

[0007] The i I S T hfayaﬁ’éaa% e to provide a
radi ation deiraemedth at Thelbshisoradata heyisd uset! tdmbasgle the padition\of thy rétislet can be :

used to det ec{h rer %c o ]fhleqsrclbs raré tag\@Ygste %e%% opﬁée\%%nxelqmee%gﬁem \M th an

i mproved i fe over ion ors accor di € prior art.
[ 0008] To t Hegedendelatedhio t!anmehrmmdtfm%dﬂgd@s O&frf#eeidmaelﬁtsd tawtadion.or havi ng a

radiation saRSE e enadHhERARR and BsiifidtiRl 9B BeheR e Rbses a oil | con

substrate having a surface area first surface sidé with a doping
profile. Them9agHi®dti on detector further conprises a dopant |ayer provided
on the first SUFFO&GS}ASWQ%I@@th’E Betwesh 10 €200 whand fadiaGon-$dneitickogidate | ayer

conprising & ffthe rgélatlon% {ector ofa (%noetntlgr?' tI ‘I:"IS aaeterlorages within a limited fime
frame. As aresult, the TIS has a limited lifetime.

[0006] With the continual desire to image ever smaller patterns fo create
device with higher component densities, there is pressure to reduce the wavelengths
used. In order to maintain or reduce overlay errors, there is a desire for a more
robust TIS.

SUMMARY

[0007] The inventors have determined that it may be desirable to provide a
radiation detector at substrate level with high sensitivity that can be used to detect
radiation with wavelengths between 10 — 200 nm with an improved lifetime over
radiation detectors according fo the prior art. |

[0008] To that end, the invention provides a radiation detector having a
radiation sensitive surface. The radiation detector comprises a silicon substrate
having a surface area at a first surface side with a doping profile. The radiaticon
detector further comprises a dopant layer provided on the first surface side of the
silicon substrate, the dopant layer comprising a first layer of dopant material and a
second layer, the second layer being a diffusion layer which is in contact with the

surface area at the first surface side of the silicon substrate. The radiation detector
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second | ayer, the second |ayer being a diffusion layer which is in contact
with the surface area at the first surface side of the silicon substrate.
The radi ation detector 2 further conprises a first el ectrode connected to
t he dopant |ayer and a second electrode connected to the silicon
substrate. The surface area at the first surface side of the silicon
substrate and the second | ayer are arranged to formthe radiation
sensitive surface. [0009] Additionally, in an enbodi nent, the invention
provi des a |lithographic exposure apparatus for exposing a substrate with a
patterned beam of radiation, conprising a radiation sensor according to
the i nventign, FOOlOJ Finalléﬂpan enbodi nent of the invention provides a
met hod of SRONIPEhYTirst Slerdrdr sReded edicgtorprdiayge et $95g"% adi at i on,
conpri si ng: e|ddfddk] copficadddd fig sflicon subehdte. STHB Stttk Qraal dt hefirdtistifdcesur f ace si de

and a second.  surface si osjte thereto, whereip the siljcon substrate
has a surfaégeé’?@gSl’iifor‘[%ggm?%)g%fth%ﬁ?qpﬂ‘g V%fiaei%a%“?ﬁd@fawhﬁ@ad&ﬁ'B?i le; [0012]
deposi ti ng aensfivesuddcedopant material on top of the first surface of the

si I'i con subst r atigogoy&hiddia: in%n%%o&ii’r’aebfﬁlﬁé P&%B;p%v%e acﬁihfoé%gﬂi?n layer is

formed and so that "the surface area _ irst surface and the second
| ayer are afrRISHERPPIAIUSIheRPosgd wbstete Wikapaticted bgam et wdiafi®n13] partly

covering t heohpisiy HhdERMRRhsIFEEIIIRY toWid iivehidi r St contact — comprising a
i ons and second regions are forned,

conducti ng mater,] .U that firs o] _ e

wherein the | ayébﬂé’\I E'B%Ea?ﬂewg?q”;?frﬂi‘ Ingest gvVigEs hmethed gf rst contact

mat eri al i manhfectfringsd radietiprodesecton tor deretingsadtationsmbipéising t he radi ation in
the second regi ool | e it 3 nt a rising a
conducting mat eﬁ?@lﬂ a?p%@eng%s@ggaﬁ%bgg??ﬁgggﬁgsétﬁ%?é %ﬁ%aéé)g?%cgﬂd substrate.
BRI EF DESCREPRcORiderpausite thRm, MBerejrgbd slicopsisiiatedas @ soffacerased atvtent i on wi | |

now be desckisbQffacd¥idd@ith Rbiopiyi@pmé:e only, with reference to the
acconpanyi ng sc @‘ﬁ%ﬁl dr aw ng?s i N whi correspgondi ngtrreference synbol s

C i ch ,
i ndicate corres ngepRsiing alayspofidapanh Malerialandarsyf ths atruracerifiect s” a
|'i t hogr aphi siliappabsitatsssuab ¢hat dithgsiicon atbsealaadiiffi@ioh layer is formed and so

that the surface area at the first surface and the second layer are arranged to form a
radiation sensitive surface;

[0013] parily covering the layer of dopant material with a first contact
comprising a conducting material such that first regions and second regions are
formed, wherein the layer of dopant material is covered with the first contact material
in the first regions and remains exposable to the radiation in the second regions;

[0014] depositing a second contact comprising a conducting material at the
second surface side of the silicon substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Embodiments of the invention will now be described, by way of
example only, with reference to the accompanying schematic drawings in which
corresponding reference symbols indicate corresponding parts, and in which:

[0016] Figure 1 depicts a lithographic apparatus according to an embodiment
of the invention;

[0017]Figure 2 schematically depicts an arrangement of the substrate table
depicted in the lithographic apparatus of Figure 1;




of the invention; [0017] Figure 2 schematically depicts an arrangenent of
the substrate table depicted in the |lithographic apparatus of Figure 1; -3
[0018] Figure 3 schematically depicts a cross-sectional view of a radiation
detector according to an enbodi ment of the invention; [0019] Figure 4
schematically depicts an el evated side view of the enbodinent of the

radi ati on detector depicted in Figure 3; [0020] Figure 5 schematically
depicts an assenbly of radiation detectors; and [0021] Figure 6
schematically depicts a flow di agram of a nmethod of manufacturing an
enbodi nent of a radiation detector according to the invention. DETAI LED
DESCRI PTI ON [ 0022] Figure 1 schematically depicts a |ithographic apparatus
according to ongoesiraflia1®sdhembtidalieddptvsenirosnsecildngl depalraatdistidnnc| udes an

illum nation tem (il urrint@r) I figured to condition a radiation
beam B (e. g.d%%ﬁ?raa ?Oéé'f'%{r? acr)‘rer@ rr]ta?lélth;éﬁrim’gh ,Lh‘a support structure (e.g., a
mask table) MI ci9dekFigretischemsiinghodapicts anpievatadsidgyieteoithee (e. g., a mask)

MA and conneghgdhihéht 8f thi FailarfPsdidtRaekictEMn QUM bgured to accurately
position the patterning device in accordance with certain ﬁara ters, a

substrate tabl e [W2QiFigue eghematically depiciranasaembly etragialion disee=aand upst rat e
(e.g., a resist maaipthues sthpmiianddepametdiedagranaf 8 eemod oposi ti oner PW

configured to_agcurat el osition the substrate in a a with certain
paransters,  agsrtPe L érPaTmey Sl a RS It 8 ErdBad B ARG on ens
systenm) PS configured to project a pattern inparted to the radi ati on beam

B by patternjhpgaieligidcR¥ I8RO0 a target portion C (e.g., conprising one or
nore dies) o? the substrate 0023] The illum nation system may incl ude

various types of [9g2iFissre 1 ebapatirelit depick alRhagsanhiorapaareiug @cording et i ve,
magnetic, el GfddrubaERERt biGhe iRVeRESN. OFedbparatud incRt&LHN iluMRRionbysih i cal
control 11 ng (ErRArgh o0z ArateLpEHAITLe L i & BB SY.  bears
t he wei ght ofadiatidng, spaippat stiuctyre @@V iacaask tdabld) MTdnsthetgddd swpnitag device in a
manner that gaq@ﬁﬂ%sdegi@e Eehf, Q&L&Tmté-ng r&o:‘ﬂ-fected to a first positioner PM

configured to accurately position the patterning device in accordance with certain

parameters, a substrate table (e.g., a wafer table) WT constructed to hold a

substrate (e.g., a resist coated wafer) W and connected to a second positioner PW

configured to accurately position the substrate in accordance with certain

parameters, and a projection system (e.g., a refractive projection lens system) PS

configured to project a pattern imparted to the radiation beam B by patterning device

MA onto a target portion C {e.g., comprising one or more dies) of the substrate W.

[0023] The illumination system may include various types of optical

components, such as refractive, reflective, magnetic, electromagnetic, electrostatic

or other types of optical components, or any combination thereof, for directing,

shaping, or controlling radiation.

[0024] The support structure supports, i.e., bears the weight of, the patterning

device. it holds the patterning device in a manner that depends on the orientation of

the patterning device, the design of the lithographic apparatus, and other conditions,

such as for example whether or not the patierning device is held in a vacuum

environment. The support structure can use mechanical, vacuum, electrostatic or

other clamping techniques to hold the patterning device. The support structure may

be a frame or a table, for example, which may be fixed or movable as required. The
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the patterning device, the design of the |ithographic apparatus, and other
conditions, such as for exanple whether or not the patterning device is
held in a vacuum environnment. The support structure can use nechani cal,
vacuum electrostatic or other clanping techniques to hold the patterning
device. The support structure may be a frane or a table, for exanple,
whi ch may be fixed or novable as required. The -4 support structure may
ensure that the patterning device is at a desired position, for exanple
wWith respect to the projection system Any use of the terns "reticle" or
"nask" herein may be consi dered synonynous with the nore general term
"patterning _devi.c atterni ng device" used herein should

be broadly © ?Rpé)fiﬁ&%ctt‘éfh ma§§L?LE? E"FP 'i%ﬂﬁaqeg"'%@"l?ﬁ\ﬁ ¥ 8 depiERd Regitiom&érused to
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correspond PHEEr gt can %'éﬁed 19 iqpart a; rﬁ‘ﬁ'*’é‘%lé%‘ﬁé"“ﬁ)élp%e”(‘:r eated in
the target matstcrass section bu@%sa@cmﬁfe%gfa&érﬂm Slafgetipdriion] A@RJubdihe. pat t er ni ng

devi ce na e or, ref attenn devi ce
in\é: ude rr)elts s‘{u‘dgb%o O[Q éjstrrﬁrae{\t{) ee"aﬁ}ﬂeﬁf‘r'@Parg?Prt%@S radig b‘?%?‘é‘ﬁﬂglﬂx@d LICDgpan\é: S. >
Masks are wedrteskerohip therdebiradhatieraprhihe taaged ponticr efdiee substkate yipesampielif as

bi nary, al tﬁ@%@ﬁérﬁ%cfm@s’s&%@%ﬁ ftln %@glr&térgg'yﬁlgggss%??e%ﬁb%h ddner g Vel as

various hybrid mask An a programmaeble mrrot’ array
enpl oys a niifPAem ﬁ??aétﬁﬁ&fﬁ?nfad@ﬁ'o%'?%"? W‘HF‘PFWP@“’ teapartigglanfinctinnatan be

i ndi vi dual | mydriih & Gékmfeibe&@ créatddah tHRGArgetdrtion GRBA Bdard iﬂféb%ﬁéd@h@ﬁ amin
mrror ern I N a radi ati on

different direc
beam which is r i‘#@gﬁwgcﬁaﬁ?"'{]%gevr'ﬁer”i’%'rbeﬁfff‘?riqgs“’e[ ?5(5?‘%“‘%5*?’@?’&? %1 0j ect i on
syst ent usephtiesning devisboint!dddomadks qaddrymmable mproe beays, asl mfugmnmpaslm ng any type

of project ' ?é’rﬁaﬁ@%aék@g e A'ﬁg?\&r?iF Ilﬂgéﬂat{rﬁéaﬁoeﬁélﬁ&]%é@% Wpegéh&dé opt r| ¢

nagnetlc ronagne I C an ectros
mary, alternating phase-shift, and attenuated phase- sh:ﬂ as well as various hybrid

mask types. An example of a programmable mirror array employs a matrix
arrangement of small mirrors, each of which can be individually tilted so as to reflect
an incoming radiation beam in different directions. The tilted mirrors impart a pattern
in a radiation beam which is reflected by the mirror matrix.

[0027] The term “projection system” used herein should be broadly interpreted
as encompassing any type of projection system, including refractive, reflective,
catadioptric, magnetic, electromagnetic and electrostatic optical systems, or any
combination thereof, as appropriate for the exposure radiation being used, or for
other factors such as the use of an immersion liquid or the use of a vacuum. Any
use of the term "projection lens” herein may be considered as synonymous with the
more generai term “projection system.” ,

[0028] As here depicted, the apparatus is of a transmissive type (e.g.,
employing a transmissive mask). Alternatively, the apparatus may be of a reflective
type (e.g., employing a programmable mirror array of a type as referred to above, or
employing a reflective mask). '




conbi nati on thereof, as appropriate for the exposure radiation being used,
or for other factors such as the use of an imersion liquid or the use of
a vacuum Any wuse of the term"projection |ens" herein nay be consi dered
as synonynmous with the nore general term"projection system"” [0028] As
here depicted, the apparatus is of a transm ssive type (e.g., enploying a
transm ssive nmask). Alternatively, the apparatus may be of a reflective
type (e.g., enploying a progranmable mrror array of a type as referred to
above, or enploying a reflective mask). -5- 1 [0029] The I|ithographic
~apparatus may be of a type having two (dual stage) or nore substrate
tables (and/or two or nore mask tables). In such "nultiple stage" machines
t he additional t @gskelshatiotaphisagparatspadyede ot b typehapnginar(dtstpgsitoeps may be
carried out fGetO tahl.es are being
used for ex%giée Srugﬂ%teotg@ﬁ a%@% @%t \p%'lé)keam%lﬂgabggs gﬁa uh Inmﬁ{ple ﬁ%?o be of a type
wher ei n at | sachines thepsiditional tablestniay beulsed in apwlieteny ptﬁ@a@@meste@ﬁ wgy e | i quid
having a rel ailidedy obbiorneirs Bblek Wile dadR ¥norotler bl LE beifPuaR 60 fill a
space between the projection systemand the substrate. An inmmersion |iquid
may al so be &fIFi"®d to ot her spaces in the |ithographic apparatus, for
exanpl FI Eet ween{aober]mﬁtlﬁo@raphaé aspapitey malmmsmmwhefdnmnasm techm ques
are we nown,.i n nereas numer |

proj ecti on s(}%r{mé]r?g gs‘tfaéer'ﬁ?“ G’?ﬁ?é’?%eu (%g "%%‘?Eas"é’}? %rgr%gverya]p@{egseﬂécg'tve mean t hat
a structureindsuely., astes soubd filka spacerbstvedicths plojsetiapedstem dndthe d, but rat her

ont v, means | wigkalk] Ahinind Soh SR mj/ 481 HESRIANG SREQUREL ey St em and ¢ he
e

substrate during expos ferrin ure the illum nator
IL receives %Fh?%%ﬂhtftqpﬁﬁab'édﬁﬁ gxemwieabetyern the F‘éﬂ‘ @HGW%EOJSQO”'FM%‘G@OM ce and

the Iithogr amhh&suapﬂ@amrﬁﬁuggafmyenmaoﬁ:emﬁ@éremr @ﬂ*eadmgeme nliéricardpeple when t he
source i s an n SLlC cases S noh consi dered to

se
P et ofotidedet msrn e et e e T b Re T o Detead
from t he soustoetuBOstah dstacsubbtraigyimmeat oy submergiet! n lighid, tait chttedr caly lveans del i very

that iiquid is located between the projection system and the substrate during
exposure.

[0031] Referring to figure 1, the illuminator IL receives a radiation beam from a
radiation source SO. The source and the lithographic apparatus may be separate
entities, for example when the source is an excimer laser. In such cases, the source
is not considered to form part of the lithographic apparatus and th_e radiation beam is
passed from the source SO to the iliuminator iL with the aid of a beam delivery
system BD comprising, for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of the lithographic
apparatus, for example when the source is a mercury lamp. The source SO and the
illuminator IL, together with the beam delivery system BD if required, may be referred
to as a radiation system.

[0032] The illuminator Il may comprise an adjuster AD for adjusting the
angular intensity distribution of the radiation beam. Generally, at least the outer
and/or inner radial extent (commonly referred to as o-outer and o-inner, respectively)
of the intensity distribution in a pupil plane of the #lluminator can be adjusted. In
addition, the illuminator IL may comprise various other components, such as an
integrator IN and a condenser CQO. The illuminator may be used to condition the




system BD conprising, for exanple, suitable directing mrrors and/or a beam
F expander. In other cases the source nay be an integral part of the

| i t hographi ¢ apparatus, for exanple when the source is a nercury |lanp. The
source SO and the illumnator IL, together with the beam delivery system
BDif required, may be referred to as a radiation system [0032] The
illumnator IL may conprise an adjuster AD for adjusting the angular
intensity distribution of the radiation beam Generally, at |east the outer
and/or inner radial extent (comonly referred to as a-outer and a-inner,
respectively) of the intensity distribution in a pupil plane of the

illum nator can be adjusted. In addition, the illumnator IL may conprise
various ot hé‘?‘d'fi‘,‘GHﬁSWéﬁf’i'aV%@é‘?ﬁ‘ra%U‘?ifﬁfm'iyrﬁ’@ég’\*%lst&fd'ﬁl‘(bﬂi‘ﬁﬂlfats@mﬁélenser CO. The
i I'l'um nat or se&pnbe used to condition the 6 radiation beam to have a

desired uniform d i nsi t jstribution in its cross sectlon 0033
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radiation b es t the proj ectt on’ Sy cuses
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second posi pb@BRL d?We%'&gstFé%W VR the&idl8Che é&oﬁ@ﬂ&mon@r@\}v%ﬁ@[ﬂsﬁb metric
devi ce, |inear enco er or ca%z_;llm tive sensor) substrate table W' can

be moved acSEISEf §1(§.9.@ninterfesemetde deyics Jararienroder Pt capasiversargt the por t i ons C
i.n the pat hsofstiatedatiatiTadanma rdnﬁadﬂh&uraamblgarsbxas td pRitibh ﬂmérem§ﬂgbtl oner PM and

anot her posi icted i ure 1) can
be.used to. Pysh G FIRS bab s Sd Bt Suiath: e PEERGUBR M i path bf “the
radi ati on béeethe positiorysenseif(which ismohexniiciiyldepieted irehigdre fly camte usedsto | i brary, or
during a SC%Eburelté] 8dindhe maWﬂWﬁmesHéct {Re PRA b &@%o@ath?mee realized

with the aid ong-stroke nodul e (coarse positioning
short - strok@grrﬁgﬁrl@e DR refeevet Fsma Mgk gy deE19rA sopar thdsperehe fir st

posi ti oner HWerﬁemhmélmaskmxeewemtayaérebrt@dwb&teraad@réfaﬁd-ﬁro\e@ may be
realized usmgule oke

whi ch f
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a scanner) p#réof the first posmoner PM. Similarly, movement of the substrate table WT may
be realized using a long-stroke module and a short-stroke module, which form part of
the second positioner PW. In the case of a stepper (as opposed to a scanner) the
mask table MT may be connected to a short-stroke actuator only, or may be fixed.
Mask MA and substrate W may be aligned using mask alignment marks M1, M2 and
substrate alignment marks P1, P2. Although the substrate alignment marks as
illustrated occupy dedicated target portions, they may be located in spaces between
target portions (these are known as sctibe-lane alignment marks). Similarly, in
situations in which more than one die is provided on thé mask MA, the mask
alignment marks may be located between the dies.

[0034] The depicted apparatus could be used in at least one of the following
modes:

[0035] 1. In step mode, the mask table MT and the substrate table WT are
kept essentially stationary, while an entire pattern imparted to the radiation beam is
projected onto a target portion C at one time (i.e., a single static exposure). The
substrate table WT is then shifted in the X and/or Y direction so that a different target




mask table MI may be connected to a short-stroke actuator only, or may be
fixed. Mask MA and substrate Wnay be aligned using nask alignnment narks
ML, M2 and substrate alignment marks P1, P2. Although the substrate
alignment marks as illustrated occupy dedi cated target portions, they may
be located in spaces between target portions (these are known as

scri be-lane alignnment marks). Simlarly, in situations in which nore than
one die is provided on the mask MA, the mask alignnment narks may be

| ocat ed between the dies. [0034] The depicted apparatus could be used in at
| east one of the following nodes: [0035] 1. In step node, the mask table
MI and the substrate table WI are kept essentially stationary, while an
entire patt eportiom®aart dexposddnédn stadhﬂﬂémmrhsize pirtog expoedte iElio a t ar get
portion C at t I The substrate
table WI' i s {' Egﬁhéshg%‘:'f(th Eant ﬁorﬁi? "%Pgé a\?'sﬁ; %{E%xsgswthat a different
target 7 portionl®@3&EnInssaerpds di mﬁiiﬁt@ﬂ%MT@D@i@e stibgiratedablerih e ze of t he
exposure fiebghnndd é%&fﬁoﬁcﬂ@ly&)hﬂ@a %ﬂe?ﬁﬁ’tpﬁ@écﬁ@‘iheﬂ@dﬁéﬂo‘ﬁrbeg}n' &S&ecﬂ n a single
static exposur.e. \%fg | n scan node, the mask t and the
substrate taBft@?@ %‘P@ '°§Ea(h‘?'néﬂs'%%}%GWF‘B‘HC%B?S&‘r%?'i'ee"eéocﬂh?'idec?"ﬁ"tiol‘?parted to
the radiati oof theaumsirate fabl WT reative the mask @ablg AT rﬁ@;ﬂid duterfainet bgthe a single

d i th b ble WI
oot ve't b Famberedfor Uil e Bl Bl Rl of s ol h BRI E 1 Gt on
and i mage re%@ﬂmdedh%mwﬂ@m%mt@e@kmwe figlddiite theoridt yisthemoRS. I n  scan
mode, the MBxdaAMAY §.re%ﬁor9Bfﬁ19%r5ef?9.%wﬁafé.r@leddyhérﬂa:teﬁ;f&snﬁ WALL thi n the non-

scanni ng di rectl OI']@1 tionin'a sin nam Cc exposure,

wher eas t he '°PERat eB?Q“P'H%”?E%fhﬁ’ﬁt?fﬁ“'}‘?éfﬂedﬁ'gﬂb@'btf‘?rﬁ??é‘ﬁ'"gH@eqti@'i)@ﬁthe(| n the
scanni ng di ragjet poionof the target portion. [0037] 3. In another node, the

Kk ble M i I hol di . ] bl
pat ter ning devi 0o, ERaRe, Al uB bl PR Wil trsteuaddinea w1 e o

pat t ern i npahdlded 2 progragmaeii ratieroing devden, asd the sjlstbtedattn@ ismbedget  portion
C. In this n%ﬁned%ﬂ@%%%lté’m ﬁnﬂyﬁgéﬁﬁhé Pla gtgﬂ %n?@ﬁfofe%g‘d%P@g)tg§¥Fd and the

programmabl e patterning device Is updated as re ach novenent
of the portion C. In this mode, generally a pulsed radiation source is employed and the

programmable patterning device is updated as required after each movement of the
substrate table WT or in between successive radiation pu!ses during a scan. This
mode of operation can be readily applied to maskless lithography that utilizes
programmable patterning device, such as a programmable mirror array of a type as
referred to above.

i [0038] Combinations and/or variations on the above described modes of use
or entirely different modes of use may also be employed.

[0039] Figure 2 schematically depicts an arrangement of the substrate table

WT depicted in the lithographic apparatus of Figure 1. On the substrate table WT,
two fixed marks TIS1 and TIS2 are provided. The fixed markers TI1S1 and TIS2 have
integrated into them an image sensor that can be used to determine a location of an
aerial image of an object mark on the mask MA by scanning the image sensor
through the aerial image. The image sensor is substantially positioned in the
substrate plane, i.e., the plane in which substrate W is located if positioned on the
substrate table WT. Consequently, the relative position of the image of the object
mark on the mask MA and the fixed marks TIS1, TIS2 can be determined. If the

substrate table WT is provided with a substrate W comprising substrate marks, e.g.,
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substrate table WI or in between successive radiation pulses during a scan.
This node of operation can be readily applied to maskl ess |ithography that
utilizes progranmabl e patterning device, such as a programrable mrror
array of a type as referred to above. [0038] Conbinati ons and/ or
variations on the above descri bed nodes of use or entirely different nodes
of use may al so be enployed. [0039] Figure 2 schematically depicts an
arrangenment of the substrate table W depicted in the |ithographic
apparatus of Figure 1. On the substrate table WI, two fixed marks TIS1 and
TIS2 are provided. The fixed markers TIS1 and TIS2 have integrated into
them an i mage sensor that can be used to determne a | ocation of an aeri al

i mage of an SEBjUEEMHES K101 Phd 4hsdepivied iy figsieesh AN Atignmest sepsgdndensor

t hrough the Sa@ﬁﬂ)alhay'ﬁﬁ@ﬂﬁlslylibt@mlr&m pBEIRGRIOf the sEbEdStcandrkabl Yo2pesi tioned in
the substr ubs rstaéle Wis |ocated if

t
posi ti oned etTﬁgij(l %@Fr‘ﬁ"g f@%&%{?@"i}h@“%‘ﬁhéwgﬂ?mﬂfk e Peerdfve position
of t he i magebtainet be theljligrotent senskr cmbinke with e kvbwladgd dfitres rBiaesd nmar ks Tl S1,

TI S2 b ' h
subst rat & &F?%%%?ﬂﬁ%;%‘*%f o e S R

P3, P4 as dépt&mhespured |tfgq1rr@gezsenawsawth'gﬁh%1nﬂ IS2enliowrthg sibstrate Motarbe may

previously Qbéiﬁ’dn@d %@ér@tdeh’lﬂed%&héd @REveH tﬁmo@étbéma@wnﬁa%%k A P2, P3,
P4. The know ﬁg% he relative positions of the substrate marks Pl, P2,

P3, P4 obt &t abi’lcct‘ﬁéy al i gnment sensor combined with the know edge of the
relative positi[0suopFigirad sciemgeically depiets alaf@ekedtond view dof Beadmisk MA and t he

fi xed marks T NSO § WI hin TI'S1, TIs2,
all ow t he su%-tleﬁ e.%ﬁﬁ%ﬁ%@ﬁé’ﬁ os@a{oneda{alfEa Ha'ﬂg' r’@%c ﬁtf)l on relative to
the project eeﬁbpqlmg@t QﬁfhetimVéHMS Kheradiafipn ﬁletgﬁ@‘aitcoamms,ﬁsmhcmﬁ (0P¥0] Figure 3

schemat i cal E%sﬂ%@':ﬁh&efﬁaﬁr?@f&r&%%b @nalbstvét@w R at i%a&taadélﬁf%bé)&ea ‘i’é’B@Ct or 1,
e.g., TIS1 or TIS2 0 | east part there accor |ngto an

;
embodi ment Wﬁ'ﬁébﬁ"ﬁtﬁeﬁame&ﬁ*”bﬁt@te EIPES’E’F%W%@%{Q&TOWE’ GfsFA8es a silicon
(Si) subst b@tdactﬁm ‘nhﬁ gihsag ttwddpﬁb@mfmnapbeaa aSondudhis typ8 B whichltie at | east a

surface ar ea nd%ct on take he aSI means 0 e%ctrdnst:e n- 5 SUbgucrtlgﬁ eor gfé s provided with
dopi ng pr of ¥ 81°"a grp{ &7 Ry ype con

conductlon type in which the conduction takes place by means of holes, i.e., p-type

conduction.

[0041] On top of the radiation-sensitive surface of the radiation detector, a
dopant layer 5 is provided. In case the doping profile within the surface area 10 of -
the Si-substrate 3 relates fo n.-type conduction, dopant layer 5 is an acceptor layer.
In case the doping profile within the surface area 10 of the Si-substrate 3 relates to
p-type conduction, the dopant layer 5 is a donor layer.

[0042] The radiation detector further comprises two electrodes, ie., a first
electrode 7 and a second electrode 9. The dopant layer 5 may be covered by a
protective layer 11 for protecting the radiation detector from the environment. As the
radiation needs to pass the protective layer 11 the protective layer is preferably
highly transparent for the radiation to be detected.

{0043] The first electrode 7 is connected to the dopant layer 5. The first
electrode 7 may parily cover the dopant layer 5, as depicted in Figure 3. This partial
overlap ensures a proper connection between the first electrode 7 and the dopant
layer 5. As the contact between the first electrode 7 and the dopant layer 5 is larger
in size due to the overlap, charge may be removed within a shorter period of time,
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conduction type. That is, the doping profile nmay be of a conduction type in
whi ch the conduction takes place by neans of electrons, Le., n-type
conduction, or of a conduction type in which the conduction takes place by
means of holes, i.e., p-type conduction. [0041]On top of the

radi ation-sensitive surface of the radiation detector, a dopant |layer 5 is
provided. In case the doping profile within the surface area 10 of the

Si -substrate 3 relates to n-type conduction, dopant |layer 5 is an acceptor

| ayer. In case the doping profile within the surface area 10 of the
Si-substrate 3 relates to p-type conduction, the dopant layer 5 is a donor
| ayer. [0042] The radi ation detector further conprises two electrodes, i.e.,

a first el egticloday ificraask the spredrirdwistietbe radggopdetdiier 1depdanto shayer 5 nay be
covered by afada{.&t&&tesw?hé ﬂ'¥teerec@rérdef‘:oﬁ1a)péd?r§p‘?§é bﬁwortrmﬁe ﬁ%gsmetn\a%aeet ect or

fromthe environnment di ati on need rotective | ayer

11 the prot eertmayebqf%ry@ﬂ ff|°§‘ fb?té‘f"éﬂ%lsy‘d“ﬁ'f‘@WV“’FF%‘%BEH'E?}?'UW@HW he radi ation

Ito be get $ﬁt@¥; tithrfAGHA RitridBBING, lutac;ﬁunedmcgordma) ﬁlckéi(rﬁpmfdhda Ithe dgpant
ayer e fir ectrode ayer 5, as

depicted in Fi guf@“@%?ﬁ?@”gﬁpﬁ‘jﬁ% g%‘f“?‘é%&@ 'eggg%{faﬁp)e&g connect i on

bet ween t he ¢annattioe ey be otide Witlhadedone sutapasitie of thy Birsubstrats 3 tthee cont act

bet ween the §éc5§cf%;%€ecéléé)6’e?n§ p?ggtettg'ﬁe(a%lpﬂmacé &Mﬁés édbﬁlctleé‘[n 055 '“ 5' A

to the overla ter -9
whi ch may i n%r%a@@efe‘tﬁ’é a§|§@@!@le¢ i Righire b betyeer thel penond purthse é'é@ thhqsreact s to

short radi aupefhtdsbadthe slétﬁdfelefcﬁéde@ Bhre9d RorfodERkoiaAich&or@Re Or nore
netallic materia frommetallic stacks including

Tot al 116 at SEPI Qeqrpie S a SRR T To08 S SRS PR TT7 RPEIEL Lani um
(Ti), gold (rAat)analmrcrkawl be(fdlimeddinth <hetiestedrincludirdOdethlicinetedsic ikechiel ect rode 9
i s connect ed; /({jue ﬁpstrate 3. The connection may be nade with a
second surface 3i'de € Si-substrate 3, the second surface side being
opposite to the I’OﬂﬁﬁtT h@d«?ﬁaatley%rﬁcr@mése\‘s@qulémretae’mstiiayeﬁaﬂrrdepar@ A

connection arﬁat@@a%ﬁ&&@edoﬂd E‘y%bﬂmfﬁchh%\ﬁﬁﬁﬂoﬁlgﬁ‘ersﬁ%@nb%'dfnieﬂp%es' de of the:
Si - substrate 3 and the second el ectrode 9 ensures honogeneous i nfl uence

of the secd Ba'%?l”?é?r%'aéngcceﬂf%ﬁ‘af%é' e ogreg (B 8@9%@)93“{%9“@%“ se one or

nor e met al | i@ indium (In). Alternatively, the dopant material may be a donor material like
phosphorus (P}, arsenic (As) or antimony (Sb).

[0046] Embodiments of the invention will further be described with reference
to boron as acceptor material. In this case, the second layer 5b is a layer of a B,Siy.
x-compound, i.e., boron {B) encompassed in a silicon structure as suitable under the
circumstances, x being a value between zerc and one.

[0047]In an embodiment, the first layer 5a of boron has a thickness of 1-20
nm. As the transparency of the first layer 5a for radiation with wavelengths between
10 — 200 nm is not 100%, the first fayer 5a is kept relatively thin to ensure a high
sensitivity.

[0048]In an embodiment especially suitable for radiation with wavelengths
between 150 ~ 200 nm, the second layer 5b of a B,Si;..-compound has a thickness
of 1-10 nm This thickness is sufficient to provide a charge response which, due to
aforementioned thickness of the second layer 5b, may be transported without undue
delays away via the first electrode. In an embodiment, especially suitable for

- radiation with wavelengths between 10 — 150 nm, the second layer 5b of B,Si;.x has
a thickness of 10 — 1000 nm.
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materials or may be fornmed froma netallic stack including netallic
materials like Al, TiN Ti, Au, NIl and C. [0045] The dopant |ayer 5
conprises two |ayers; a first |layer 5a of dopant material and a second

| ayer 5b which is a diffusion layer. In an enbodi nent, the dopant materi al
is an acceptor material, |ike boron (B), gallium (G), alum num (Al) or
indium(ln). Alternatively, the dopant material nmay be a donor materi al

| i ke phosphorus (P), arsenic (As) or antinony (Sb). [0046] Enbodi nents of
the invention will further be described with reference to boron as
acceptor material. In this case, the second layer 5b is a layer of a B.Si1-
X conpound, he., boron (B) enconpassed in a silicon structure as suitable
under the ci rcdﬁ%‘!%ﬁ@é‘semb,@dlﬁ@ﬂh@"eél*smﬁféteﬁeﬂpmewsmmltmlawrepf [0047] In

an enbodi n'e'&fry,sta‘ihhésﬁlédnsqnih%)(:@ée 5{%&E%ph&rlé}@rﬁﬁést?éeh%f&lﬁ@8§§a%rfé]cezo nm As
thetranspar first layer 5a for radiation wth wavel engt hs

bet ween é@eﬁ}lﬁf\eg SRGPIal, the first layer 5a is kept relatively
thinto ensur e Jobsoybue Bansh typubéryilcor[(ﬂ%&]opidg padtileSapehdeidtsugiageeci al |y

Pul L0 T o LD A YL D LG B A, L oS00,
is suffici eevalepnmnbef aden-janatiha bejeeeretb p smriree wieachthe Gireutisbatedfandenent i oned
thickness ofyeldii rﬁﬁﬁﬁfé@nllé’}%ﬁﬁb éta B8RYc n@ﬁ@h@ﬂ% @ggsem] Loundue del ays

away via the first el ectrode. eci a Sui table for
radi ati on wPPHNQBPER Frjenst tB%P‘&!Péﬂa'PG and {recliffyion {ayer %’@é@ﬁ@aﬂgwé? 5b of

g Si 1b, has to @rrh hké‘dﬂlﬁﬁ%er@c twé@urfacé@ﬂtﬁe lfh’ﬂ\at}oﬂ-@efté&&‘}g]we Paﬂjllaﬁﬂn Qémlﬁidé ment, I t he
i - substrate ita er . of crys ine silicon. In
This case. . SHERRBEHDR paapRs e ebah poinaed ¥n 20 i e ' of

af orenent i oﬂ@daépmqnasenaﬂvel saviaae, 1.4. 005 8} rfabeleret of thb Si-subisirate 3saedtreonduct or

dopi ng pr of Hlﬁﬁszhﬂ'!a?é ﬁlbef%scﬁ IeI—:{Q I%VB%[ﬁl!’b\ng wRECRaR 7 s d}ngg risil %Dt%t rate 3,

deposi tion of rst | ayer oron causes _devel opnen
pn- j unct i onakEREANedHadiaignf ace area of the Si-substrate 3 and a

devel opi ng di f f ysesanTHetRdn 1@f2r 64 ad BYSHL LampSRARAENSh imbiSe Maldies,

sem conduct Or ., the ability to withstand degradation, of the radiation detector 1 while they, when
their thickness is sufficiently chosen, are sufficiently transparent with respect to the
radiation of interest, i.e., wavelengths between 10 and 200 nm. |

[0052]In an embodiment, the second layer 5b comprises 2 sub-layers, i.e., a
first sub-layer of mono-crystalline B,Si1.« and a second sub-layer of non-
monocrystalline B,Siy..

[0053] The first sub-fayer of mono-crystaliine B,Siy is an important layer with
respect to transfer of charge from the radiation-sensitive surface of the Si-substrate 3
and the first electrode 7.

[0054] The second sub-layer of non-monocrystalline B,Siy.« is located between
the first sub-layer and the first layer of boron 5a. The second sub-layer has high
sheet resistance but is conductive. The presence of the first layer and the second
sub—lay_er of non-monocrystalline B,Sis.x suppresses electron injection from Si-
substrate 3. Consequently, the transition between the second fayer of BSi;« 5b and
the Si-substrate 3 is junction-like. The second sub-layer of non-monocrystailine
B,Sii.x may have a thickness of 0-2 nm. Thus, aforementioned variation in thickness
of second layer 5b of B,Si;. is, in case aforementioned two sub-layers are present,

mainly due to variation in thickness of the first sub-layer of crystalline B,Sij.x.
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doping profile in at |east the surface area and the diffusion |ayer are so
arranged as to forma radiation-sensitive surface of the radiation
detector. The radiation-sensitive surface is sensitive for radiation with
a wavel ength between 10 - 200 rim In use, the radiation-sensitive
surface, i.e., the surface area of the Si-substrate 3 and the diffusion

| ayer 5b, is at |least partly depleted which nmakes the surface sensitive to
‘aforenmentioned radi ation. [0051 ] The boron | ayer 5a and B, Si 1_~conpound

| ayer 5b inprove hardness, i.e., the ability to wi thstand degradation, of
the radiation detector 1 while they, when their thickness is sufficiently
chosen, are sufficiently transparent with respect to the radiation of

interest, i.e., yRYSIFRNHHhbRLWERYebRistntiBRdBie viERRSRE | N an enbodi nent,
t he second | ayer, 5b Cfotﬂéj“ ses d2 refs% sub- | ayer of
1

. sub-layers,_.i.e,,_a first .
mono- cryst al FTHEIREnEpHing ragigHony eéeégoéﬂﬁp'éﬁ%'-"lrzé%}‘é‘? 3'0?"’?‘{'5{1?’-“ RSEP V&t al 1 i ne
B"Si1 ,,. [O&=8}haltre fifst eisttroslel3-nhanberconfguradras-acoypdictitd gride ABoSiluLtiva s an
i nportant | ro Wi th or r 1t h
radi ati on- sg%@ﬁsi \.?@Qtseaﬁeli@.g&%]g E%%ées a%pé"jsf%g i %%aﬁ%@%%g{l}%&%% F;hs?t el ectrode
7. [0054] Theorerelevaids ssinrietlieandthefoPisniasdighsbegt|resistancg, thesfepd-ouf s | ocat ed

between t hegdebd StnichidedrRdd vRdhd &Fﬁr%irér%vall WSy, B cdrdsbuaif thEhe second
sub-layer has high sheet resistance bu

. t I%‘ c%r,;%uctl ve. The, presence of the
first |ayer 8 EHEaREDHE Buplayerinsreases: b aiwce gereaps pates si1.
suppr esses eligaide@atweaeh etdatroda it locatiob 8t thaBgSi3-layeonseguaeharhy, t he
transition bet n e . y S - i -substrate 3
is juncti on-'?i'q\ggsednglggg%dg'ﬁt@g§hgﬁlgsfg% m(%'%ﬁ'f)nr{é %ﬁ&%ﬁ%&?ﬁﬁfne B.Sil " may
have a t hi ckdiggreeofn @deor to ansuRharsefficEnd ehangaremovabdhe/eandugtive arid may ke ckness  of

second | ayer q;pim@Alntd 57! alcondiicling fifl-$hap&y SéA0EERRE 4RRAGH Ei¥kte 2 AmlcAYers are

present, nai ng due to variation in thickness of the firrst sub-Ilayer of
crystal | i ne Baygpelocatedquisignythe prepicgypred by tae radietien-sersitve yEFeefdhen el evat ed
si de vi ew ofratiBfon edeedent of the radiation detector depicted in Figure

o EL e g8 R SR Rkt A VoRy FLESGAEEM I L
enabl es an i hdPedSedd &hargent.efmtypih! widthofihe gondustiveliracks in the
conductive grid is 1.0 — 1.5 pym. In an embodiment, the conductive grid structure
comprises aluminum. Aluminum is a conductive material that may be used in
cleanroom environments without additional conditions regarding restricted use.
[0057] The radiation-sensitive surface of radiation detector 1 comprises first
regions 12 and second regions 13. In the first regions 12, the first layer 5a, ie., the
layer of Boron, is connected to the first electrode 7. In the second regions 13, the
first layer 5a, i.e., the layer of Boron, is covered with a protective layer 11. .
[0058] In an embodiment, the second regions 13 have a cumulative surface
area of 10 — 25 mm?.
[0059] The protective layer 11 is optimized to have a high transparency for the
radiation fo be detected, here electromagnetic radiation with a wavelength between
10 - 200 nm. The protective layer 11 is for instance advantageous when using the
detector in a lithographic exposure apparatus using EUV radiation. In such a
lithographic exposure apparatus, the radiation detector in use becomes
contaminated. The contamination is caused by particles comprising carbon released
during the exposure of a photoresist layer on a substrate with a patterned beam of

EUV radiation. Hydrogen is an effective cleaning material for such contamination.
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boron layer is sem-netallic and the B,Si1_, has high sheet resistance, the
read-out speed, which is correl ated mnth the charge renpval velocity,
beconmes slower if the sheet resistance of the B,Si 1l x-layer increases. The
resi stance depends on the distance between the el ectrode and.the | ocation
inthe B.Si1l x |ayer where a charge is induced. The conductive grid limts
t he maxi num val ue of aforenentioned distance. In order to ensure an
efficient charge renoval, the conductive grid may be circunmvented by a
conducting ring-shaped el ectrode (not shown in Figure 4), which my be

| ocat ed outside the area covered by the radiation-sensitive surface of the
radiation detector 1. [0056] The conductive grid forms grid cells. Typical
areas of grilPes '%Vdéﬂgé" would interact yith mptprigls in the dgtector grsing damsgsi cal wi dt h of

t he conductitwe ptdtétﬂir’élajrdﬂ 1t Rearrabigetitd Ghib @heOdetedtor Frorh tk hydiogen BRA [SI n-an
enbodi nent rises alumnum Alum numis

ct i ve id str ur
a conduct i v@oﬁg?"ggloﬂl S yLRce ?ﬂi eﬁﬁpﬁ'ﬁiﬂef %fac'ﬁﬁ’@ e YIS AR wi t hout
addi ti onal @odthus itheri-snlssjrated. hgothees«tordscilt B hosittmed bﬁ)ﬂﬁﬂs]demme detector

radiati on- sehsigihy Basis ﬁ?l‘ﬁegarﬂéﬁq{ea&enﬁg 88 bR el BRI RED 111

regions 12 and“second regl ons regions Fhe first | ayer
5a, i.e., tiatoates CQB‘FHW'QB]WOHIQ be@rﬂﬁerdtoe@etmteﬁeefayersﬂ ghectrode 7. In

t he second rcféghlﬁ@&e:b%tedtib@layér'm%ﬁth'h?&f en@ﬁmld'-p?owdetdﬂl%nlnaﬁg{he()f Boron, is
covered wit rotective 0058] I n an enbodi nent, the second

regi ons 13 Ha\%@a""&mwaﬂf@%@a%‘ad%e G4 of 10- 25m®2. [ 0059] The

pr gt ective | ayer[odab]Tie wtﬁlbdﬁima mekl 110néiyedomp&sd'mlgbn-bklaé1§1n@{)wmfn bor 'theI .
radi ation t c el ectro net on wth a wavel engt
bet ween 10%-0 B 8%{3%? é@ﬁwowa%g éé‘leua(}se% yp_eLf h§m|’°8 Valpﬁé?%{’r?@go'advant ageous
when using (G¢D) luepleert@enhanc@ VD hldgwawhsure EXPas wiltbeappiarsitod by asi ng EWV
radi ation. bBsstiGdliedin thé Eﬁoﬂﬁﬂ%e%nﬁérgﬁﬁﬁfhgttﬂ@?l%’ié%ﬁ\}éslayérq? id g0l ati on

detector in use becones contam nated e contamnation i s caused by
particles cOMNRLRSE Raresshovepds derrovigr Matgllic Bed wilisws usecof iolaiorhhot or esi st
| ayer on a sybstgakeoxibd ayé. patter ned beam of EUV radiation. Hydrogen is
an effective cl

. ! Ho hyd
woul d i nt er act &%ﬂﬂ%ﬂ%tﬁ S&Weén%t'ﬁaq‘m%p %?'ggﬁg%%m&gﬁtl 7 ey ‘%ﬁ gover, yeregen

according to embodiments of the invention, e.g., the embodiment of a radlatlon
detector 1 as depicted in Figures 3 and 4. In the assembly shown in Figure 5, an
embodiment of a radiation detector 1 is used in which the conductive grid 7 is
connected with an outer ring-shaped electrode 15 as discussed with reference to
Figure 4. The first electrodes 7 of the respective radiation detectors 1a-d may be
controlled by connecting the first électrodes of the respective radiation detectors 1a-
d with a corresponding bond pad, e.g., one of bond pads 19. In an embodiment,
metal tracks from the first electrodes towards a corresponding bond pad are used for
this purpose. The second electrode of the respective detectors fa-d is common and
may be connected by directly contacting directly the second electrode 9.

[0062] The assembly of radiation detectors, in Figure 5 four radiation
detectors 1a-d arranged in a symmetric order, is suitable for measuring radiation
provided at different illumination settings, e.g., annular illumination, dipole
illumination and q'uadrupole illumination.

[0063]Figure 6 schematicaily depicts a flow diagram of a method of
manufacturing an embodiment of a radiation detector according to the invention.
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The protective layer 11 is arranged to shield the detector fromthe
hydrogen and is positioned on the surface of the dopant |ayer 5 facing
away fromthe surface area 10 and thus the Si-substrate 3. In other words,
it is positioned on the side of the detector facing the radiation. At the
sanme time, being positioned on the side facing the radiation, the

contam nati on woul d be present on the protective layer 11. Thus cleaning
the protective layer 11 with hydrogen woul d provi de cl eaning of the
detector, w thout causing damage to the detector. [0060] The protective

| ayer 11 may conprise silicon-oxide (SiQ2) to forman isolation |ayer,
e.g. provided by neans of sone type of chem cal vapor deposition (CVD)

l'i ke pl asma enhapgee MDnQIctidr08Y, REREHULE stp¥iata s cp%didedbehaedﬁibgﬁ&@d by a
person skilled i It nmust _be underg{e%? that the protective |ayer

the art.
11 s an optfgHR sEgRE e prsgEROStrss BPesie BRI provi de a netal lic grid
W t hout use of i ¢apl66ISubsequbEtiyeih acandh3, a Eper@X baten (B ysadeposil@d 6 fopFafgure 5
schemati cal | i f _radlat | ccording to
enbodi nment s boﬁfe qﬁggﬁag%?E?r%gﬁﬁggé%qe%of'ﬁ%%eﬁ%@gﬂ‘ﬁ%ﬁ’{cﬁg%’?@%'r]%%i ation detector
| as depi ct eshbstiatEpdayeed BaSianid fofmed.Dptime! forsatiomiekesqtiromrat logatepgure 5, an

enbodi ment  Ojyhére hedkidd ks Presait R tolersresn @i Redilirfebe (RidgRgvCt i ve grid 7
is connected with an outer ri ng-shaggfg el ectrode 15 as discussed with

ref erence t o®*iqs Ig(Fr & the Stybstrate Syriace belpregiuementighed deRos i B A% e r adi at i on
detectors 1 perfbri®y be controlled by connecting the first el ectrodes of
the respective radi.atd on detectors |la-.d wth_.a correspondi bond pad,
6. one of boniUsBlsLBReEHiTh SomeBinr il o e Y ORI R G R T
el ectrodes t owdactigysr cowprisggromeliah g.gbenéleptande Jroe corsledlivegrid a¢ hi s pur pose. The
second el ectg&@ﬁa@aga@%e&@%pe@w&g ﬁeheg%ggr%uﬂanﬁe batFQVERY, Aed  may be

connected by direct contacting direct e second el ectrode 9. [0062] The
assenbl y of feglnagndiecenst regient e farmed; therieyesoithis covese with Bafirstiet ect ors 1a-d
arranged in gnitERirid e ArstRGions, ®.¢5 Uhd RbibRs FiRyre RRBHHUCHE driadsat i on
B ont o, B kS B <SP A7 e bl oy RSP U o
schemat i cal | secdepiegioss, @& ,[inthe drid gelamtisofissed with lelageroé to Figura#act uri ng an
embodi ment of a Ry ALLAYUERYER Leon%TCAE yBi%br B hBRmeANGH 5s8nd
regions is covered with a protective layer which is arranged to be highly transparent
for the radiation to be detected. The protective Iayer'may comprise silicon-oxide
(Si0;) for forming a insulating layer. The layer may be provided by means of some
type of chemical vapor deposition {CVD) like plasma enhanced CVD or low pressure
CVD as will be understood by a person skilled in the art.
[0068] Finally, in action 69, a second contact layer comprising a metal is
deposited on top of the second surface of the Si-substrate.
[0069] Embodiments of the radiation detector may be used in many
applications. Possible applications include use as an energy sensor, a spot sensor,
and a slit sensor of a high volume EUV lithographic apparatus.
[0070] Although specific reference may be made in this iext to the use of
lithographic apparatus in the manufacture of ICs, it should be understood that the
Iithographic apparatus described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and detection patterns for
magnetic domain memories, flat-panet displays, liquid-crystal displays (LCDs), thin

. film magnetic heads, etc. The skilled artisan will appreciate that, in the context of
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-13 [0064] First, in action 61, a silicon (Si) substrate is provided. The
Si substrate has a first surface and a second surface opposite thereto.

[ 0065] Subsequently, in action 63, a layer of boron (B) is deposited on top
of the first surface. Aforementioned deposition is performed such that in
the Si substrate a layer of B.Sil1l x is forned. Optinmal formation takes

pl ace at | ocations where no oxide is present. In order to ensure an

oxi de-free surface, etching of an oxide layer to the Si-substrate surface
before af orenenti oned deposition may be perforned. [0066] Subsequently, in
action 65, the Iayer of Bis partly covered mﬁth a first contact |ayer
conprising a rid as

ectro ng;luctJ ve
schemat i cal PYF oaitﬁ "8{“?03%‘){5‘:3&?"&?'5@5% Ogtﬁﬁzeﬂ N tfer%f’ mMaK&C part |y
covering, f cosideradegisynsyands waﬂctbelmoree@nena*steanse“sﬁmmdor ‘Hn@tl ayer of Bis

covered wit orrtigﬁ” Fe%;geﬂ veI Oﬂtea;sﬁﬁst gﬂg{err%d-'tothgfe r]( hryzf)?:‘)rggésged's Re ’ t he

regi ons whefe tHe con |ve Uur es is
| ocat ed. Théfter&yeesutss, WBWWE@§ teagl (esteel tﬁahtwplﬁé"y @Wrﬂiamgﬁ@ﬁsﬂoe g., in

the grid CeE'sﬁbéﬁ'a%ﬂﬁSﬁdel&}isttﬁb é)@f)?erdergﬁﬁ) bOndioRHy ﬁ)oﬂandpcﬂgﬁ?rlspe%ﬂgr?equent ly,
in action 6&8 the | aye n af orenmenti oned second ions Is covered

with a prot erFéé@*camﬁlﬂé%d'%osél?er@%@a!f Be BrPliRgd tprueh ? k&Sarent for the
radi ation t eutiseatd@t@essi todl bLemeet ﬂ(etslutlﬂralte’:\mef bmwcés@émmb@eh@i | i con-oxi de

(SiQ) for Br?(!en‘#ongﬁa Igl uor&tr n(ge muiti i;\ry%?icl(a %)at rh%%ﬁeermpﬁu ro Ide by means

of some type o \Vapor ep05|t| on r Effflanced cwD
or |low pr esb@fﬁ'@ ma&\ﬁboasfewom SUbératmﬂjetraéne@d)mbyﬁlra npdtipEomocsissdd ladrs.n the art.

[0068] Finally, [édﬁﬁﬁfhb@é’h s@%mf&e%?&ﬁ@%a?ﬁmeaﬁ‘etenln%\ﬁ@ b@@%fﬁeﬂfgg%a metal is

deposited on top of the second surface 0 Si-substrate
Enbodi nent s€BPodiments gdheanveion iiter santehefpriial faeanhy. thaye appl i cati ons.
Possi bl e apﬂbpr@caétdad)ihSt thé fiverdien ba¢ bassedin eﬂnenr@m@aassorm eﬁanW‘in s@nsor, and

lit f E t t us 070 Al t hough
© St ST g, BT 00 0B g penf L0701 L oo
appar at us nmpmmélthmmmhaettcmoarap!ﬁy ih @pattérhing Heuidedieligestihel patetromeatedhat t he
| 1 t hogr aphi g, 2RRAKAEY The BR6ELRFb: IR R HE Ye Rl faPbdiGs ABR SRONS, such

as the
of resist supplied to the substrate whereupon the resist is cured by applying

electromagnetic radiation, heat, pressure or a combination thereof. The patterning
device is moved out of the resist leaving a pattern in it after the resist is cured. The
invention may be used fo provide a radiation detector for detecting the dose of
electromagnetic radiation applied for curing the resist.

[0072] The terms “radiation” and "beam” used herein encompass all types of
electromagnetic radiation, including uftraviolet (UV) radiation (e.g., having a
wavelength of or about 365, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet
{EUV) radiation {e.g., having a wavelength in the range of 5-20 nm), as well as
particle beams, such as ion beams or electron beams. The embodiment of the
radiation detector according to the invention as for instance described above in detail
may also be used to detect low-energy charged particles such as electrons or
plasma particles such as ions. The electrons may have an energy of around 200 eV
to around 40 keV.

[0073] The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive, reflective,

magnetic, electromagnetic and electrostatic optical components.

_15.




manuf acture of integrated optical systens, guidance and detection patterns
for nmagnetic domain nenories, flat-panel displays, liquid-crystal displays
(LCDs), thin filmmagnetic heads, etc. The skilled artisan will appreciate
that, in the context of -14 such alternative applications, any use of the
terms "wafer" or "die" herein may be considered as synonynmous with the
nore general terns "substrate" or "target portion," respectively. The
substrate referred to herein may be processed, before or after exposure,
in for exanple a track (a tool that typically applies a |ayer of resist to
a substrate and devel ops the exposed resist), a netrology tool and/or an

i nspection tool. Were applicable, the disclosure herein nay be applied to
such and ot her dUFdt\Whiksperidorgedingntsebins invEution heve baehelesarbsd r at e may be
processed ML, JehaRii b Becidtd thSXATRLEbR ma) g?ﬁra&tf&e?ﬁﬁ@hﬁseﬁh di-layer 1C,
so that the termsubstrate used herein nmay also refer to a substrate that
al ready cont 4f37EPss IOl paEpisy tedwenipn aaydake the fonrefa wmmyisi §IR9siseci fi ¢

ref erence mayodi@nieg ead nithslscqabiaiee of Madhite-reRbiinstredtioadidsemisg #f t he

invention in _the context of optical lithography, it will be appreciated
that the i nvBRICG RS RagPisd heBoie e HePORRERIDLe oreq g adBle o | n
| i t hogr aphy, mageetinkespical dek)dening stched doowster pegnaot stdredrthesih.t 0 opt i cal

| ithography. In 4 i it h0qr. ; i erni ng device
et i mes. the part SOTBINEescibRaR aBRINrEARRRE B Mgl BN [0,
patterning dgwsﬁ:éwﬁﬁ’? apeargiit daanegsidlind ty the arbipatmodifications imey bsmmdeited to the
substrat e whekeupeibntab Bedcibbditiotit ddphAg Pom BRRLYI theddi Bt EamAONEt ic
radi ati on, hﬁ%ﬁh pressure or a conbination thereof. The patterning device
is moved out "8f"¥the resist leaving a pattern in it after the resist is
cured. The invention may be used to provide a radiation detector for
detecting the dose of electromagnetic radiation applied for curing the
resist. [0072] The terns "radi ati on” and "beam used herein enconpass al
types of electronmagnetic radiation, including ultraviolet (UV) radiation
(e.g., having a wavel ength of or about 365, 355, 248, 193, 157 or 126 nm
and extrene ultra-violet (EUV) radiation (e.g., having a wavelength in the
range of 5-20 nn), as well as particle beans, such as ion beans or

el ectron beans. The enbodi ment of the radiation detector according to the
invention as for instance described above in detai
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may al so be used to detect |ow energy charged particles such as el ectrons
or plasma particles such as ions. The el ectrons nay have an energy of
around 200 eV to around 40 keV. [0073] The term "l ens", where the context
allows, may refer to any one or conbination of various types of optical
conmponents, including refractive, reflective, nmagnetic, electromagnetic
and el ectrostatic optical conponents. -15 [0074] Wil e specific enbodi nents
of the invention have been described above, it will be appreciated that
the invention may be practiced otherwi se than as described. For exanple,
the invention may take the formof a conputer program containing one or
nore sequences of nachi ne-readabl e instructions describing a nethod as

di scl osed alfdMSor a data storage nedium (e.g., sem conductor nenory,
magneti c or optical disk) having such a conputer program stored therein.
[0075] The dESC{Ip ons. above e . intend to be illustrative, not

limiting. Thus, it WA ?t'oﬂgeﬁﬁtﬁgﬁ’a&f?@ atrad“'i‘ﬁ’i’é SERYVP &YfacR, th Eadiation ¢ hat

nDdlflcatlomb&mEWC$mrnude to, the invention as descrlbed wi t hout

departing fromjhg, E%Qtﬁs?ra%fhabing g%r@cg%re%% ﬁ}é SLPE‘ICG? eW| Ch@[!iﬁdi ;t i g\n

radi ati on detector having a ra ion sensitive r
det ect or coﬁﬁﬁm%lng a silicon substrate having a surface area at a first

surface side waabp%ndg,@reﬁwdmmmlaﬁrst ﬁ:ﬁ@@ﬁ&gofltﬁé’ﬁﬁco%%&%dthen the first

surface side oft he silicon u bstrate, the dopant |ayer conprising a first
| ayer of dof3PAnt RYETOMarisiagirg 'WBf@pP@me"a{W assé@wavqrat%r bei ng a
di f f usi on | agend\yectreiigsa difusiandya@ewhich &l ddnecBMtt tBs surticareatat thBe  first

surface sid [ a first el ectrode connected to the
dopant Iaye?m?%”%ggsﬁ%gg "%Hgaxggﬁhected to the silicon substrate;

wherein the surﬁf%{é@'%ﬂ@@wned@ tb thestopanitdyace si de of the silicon substrate
and the a second electrode connected to the silicon substrate;

wherein the surface area at the first surface side of the silicon substrate and the

second layer are arranged to form the radiation sensitive surface.

2. Aradiation detector according to claim 1, wherein the doping profile is

- arranged to provide p-type conduction and the dopant material is a donor material,

3. Aradiation detector according to claim 2, wherein the donor material
comprises an element of a group of elements consisting of phosphorus, arsenic and
antimony.

4. Aradiation detector according to claim 1, wherein the doping profile is
arranged to provide n-type conduction and the dopant material is an acceptor
material.

5. Aradiation detector according to claim 4, wherein the acceptor material

comprises an element of a group of elements consisting of boron, gallium, aluminum
and indium.

17 -




second |l ayer are arranged to formthe radiation sensitive surface. 2. A
radi ati on detector according to claim1l, wherein the doping profile is
arranged to provide p-type conduction and the dopant material is a donor
material. 3. A radiation detector according to claim2, wherein the donor
materi al conprises an elenment of a group of elenents consisting of
phosphorus, arsenic and antinony. 4. A radiation detector according to
claim1l1, wherein the doping profile is arranged to provide n-type
conduction and the dopant material is an acceptor material. 5. A radiation
detector according to claim4, wherein the acceptor material conprises an
el ement of a group of elenents consisting of boron, gallium alumnum and
indium 17 6. Agrac rabiah dbeices hedordhRae bty wherenl @k Mstiayotred l@yen t he first
| ayer is a h% er oé Borondgnd thg sec&agéla§er is.a Iaéer o{ a

B. Sii _, rconpBiie" 39 e ey HrL PR eh & A 7 e B R 'KE9 273 YR r adi at i on
det ect or accdmtwhengetocmndloaem 6, wherein the second | ayer has a thickness of
1 - 10rim 8. Aradiation detector according to claim®6, wherein the
second | ayer has a thickness of 10 - 1000 nm 9. A radiation detector
according to any of regiation deteptcs 269rding toplaimed. whersin the pegond [24§idPS Ras a

t hi ckness ofthitkmes2& NMip 4@, A radi ation detector according to any of the
precedi ng clains, wherein the silicon substrate conprises an epitaxial

| ayer of crystalline silicon, and wherein the dopant |ayer has been

provi ded on a sarf @cediefiontdetecep ataxdirgl to klaiyes, whitein Ae sembnatayerhadat ect or
according t he edi ng clains, wherein the first electrode
partly coveﬂg@qﬁgg{)fi{rostqq%g?g} of dopant material. 12. A radiation detector
according to claim11l, wherein the first electrode is configured as a

conductive gridg 13 rafaficietdcid? BcdRfiRab AFy SFHEOSINT0 BOWRdréh RekistWherei n the

first el ectrode . _
layer has a thickness of 1 — 20 nm.

10. A radiation detector according to any of the preceding claims, wherein the
silicon substrate comprises an epitaxial layer of crystalline silicon, and wherein the

dopant layer has been provided on a surface of the epitaxial layer.

11. A radiation detector according to any of the preceding claims, wherein the
first electrode partly covers the first layer of dopant material.

12. A radiation detector according to claim 11, wherein the first electrode is

configured as a conductive grid.

13. A radiation detector according to claim 1, wherein the first electrode
comprises one or more metallic materials selected from a group consisting of

afuminum, titanium nitride, titanium, gold, nickel and chrome.
14. A radiation detector according to claim 1, wherein the silicon substrate

further has a second surface side opposite to the first surface side and the second

electrode is connected with the second surface side.
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conprises one or nore netallic materials selected froma group consisting
of alumnum titaniumnitride, titanium gold, nickel and chrone. 14. A
radi ati on detector according to claiml1l, wherein the silicon substrate
further has a second surface side opposite to the first surface side and
the second electrode is connected with the second surface side. _18 15. A
radi ati on detector according to any of the preceding clains, wherein the
radi ati on detector has a detector surface conprising first regions and
second regions, the first regions being regions where the first |ayer is
connected to the first electrode, and the second regions being regions
where the first |layer is covered with a protective |ayer, the protective
| ayer being (115-aryrasigiod detscioraccemlingg An $fdhe rigkesing gleims. whpeinteaisur ed wit h
me r adi ath | oadistRsetectol fas aAddrt]e’iﬁHr@t{ﬂf&B cdﬁbmgqrrsta@gfws@h@gedoﬁd ]gl %m 1523ES -
erein the second regions ave a cu tive surface ar - :
17. Radi at i 5?9'%r('asn§18|ﬁr EOEPHPHES E88'°awﬁ%?ﬂﬁﬂﬁ&*’&%‘é&?%&“&?%‘ﬁ%,ﬁf%erei n the
radi ati on- <EeE0edd, wed hasé@od regions baisg tegiods fvberertindiirsitiayeniswotdredwittavel engt h

bet ween ar O%Hﬂot(l,aivlta q’aye@'ﬂ'% ec%.gg la? é)e?ng é? ﬁt%?r% eid ?&Ie?tﬁﬁ%@ﬁ th%cfgqﬁét%h ng to any

of the preceding clalns, erein sensi e surtace is

sensi tive fdbp BEPEIebwtdhe ENEtigesensarti cl es. 19. Radi ati on sensor
according to claim 18, wherein the charged particles are electrons with an
ener gy between oynd,200 eV and around 40 keV. 20. Lithographic exposure
apparatus for eﬁé;)ogir Jaten deissior ageardio e clgimy i"’@?rﬁ@&h%ﬁéﬁ‘i‘g@ﬂg?%di ation,
conpri si.ng &avead cahilstive serfge mreaat 00 digni’c any of the previous radiation
sensors. 21. A nethod of nmanufacturing a radiation detector for detecting
radi ation, conprising: providing a silicon substrate with a first surface
si de and a déchrftiptionsenseracspiding toppox theeprededing cloimsabereinithe tadiatiar-i con

substrate hagndhive Yhfaess fnSitvedbr thligtidn Wifhla waleleRGH befedf aluhd 1 @todOPi N9
profile; depositing a | ayer of dopant naterial ©on top of the first surface

of the sili @fpind 200 nm.

18. Radiation sensor according to any of the preceding claims, wherein the radiation
sensitive surface is sensitive for radiation of charged particles.

19. Radiation sensor according to claim 18, wherein the charged particles are
electrons with an energy between around 200 eV and around 40 keV.

20. Lithographic exposure apparatus for exposing a substrate with a patterned beam
of radiation, comprising a radiation sensor according to any of the previous radiation
Sensors,

21. A method of manufacturing a radiation detector for detecting radiation,
comprising:

providing a silicon substrate with a first surface side and a second surface side
opposite thereto, wherein the silicon substrate has a surface area at the first surface
side with a doping profile; '

depositing a iayer of dopant material on top of the first surface of the silicon
substrate such that in the silicon substrate a diffusion layer is formed and so that the
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substrate such that in the silicon substrate a diffusion layer is forned
and so that the -19 surface area at the first surface and the second | ayer
are arranged to forma radiation sensitive surface; partly covering the

| ayer of dopant material with a first contact conprising a conducting
material such that first regions and second regions are formed, wherein
the | ayer of dopant nmaterial is covered with the first contact material in
the first regions and renmins exposabl'e to the radiation in the second
regi ons; depositing a second contact conprising a conducting material at -
the second surface side of the silicon substrate. 22. Method according to
claim 21, wherein at |least on of the first contact and the second contact

conprise a ngifatd aréa BRhEfirburfackBnd Ml f¥eehdIa P bl dignged t6 fainra 21 or 22,
wherein the net hod afger Eartly covering the layer of dopant material with
a first cont%@?mW§?8?“?ﬁF & comprises covering the layer of dopant

mat eri al in thepstcevdringbe e oifiedantmatedl eih afist tanjeast confptisingar r anged to

I et through éolﬂguc'iiﬁéjjn%i'iﬁ @uéhothgtq}rﬁ?&%%ﬁ%%qd Wbt tlfns Adis@hlelnunedsor . - 20
the layer of dopant material is covered with the first contact material in the first
regions and remains exposable to the radiation in the second regions;
depositing a second contact comprising a conducting material at the second
surface side of the silicon substrate.

22. Method according to claim 21, wherein at least on of the first contact and the

second contact comprise a metallic material.

23. Method according to claim 21 or 22, wherein the method after partly
covering the layer of dopant material with a first contact layer further comprises
covering the layer of dopant material in the second regions with a protective layer

(11) arranged to let through the radiation to be measured with the radiation sensor.
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