RADIATION DETECTOR, METHOD OF MANUFACTURING A RADIATION DETECTOR AND
LITHOGRAPHIC APPARATUS COMPRISING A RADIATION DETECTOR Field [0001]The
present invention relates to a radiation detector having a radiation sensitive surface, a method

of manufacturing a radiation detector for detecting radiation, and a lithographic apparatus

comprising a radiation detector. Backaroun 00Q02]A lithographi ratus is a machine

that applies a des#&oﬂﬁ&rﬁ? &Efgggﬁﬁirgng%hglIQ%Méﬂ%@ggm&% of the substrate. A

lithographic apparatus AdRAHATHINIDETECTIOR ANDLIMHOGRAREK integrated circuits (ICs).

In that instance, a p&WRﬁ‘Rﬂ%'&%ﬁVP&&Iﬁ&'}&rﬁﬁfﬁiﬁ%fﬁﬁeﬂﬁéﬁﬁﬁ mask or a reticle,
vidua

may be used to generate a Circult pattern to be formed on an'indi I Tayer of the IC. This
pattern can be transferred onto a target portion (e.g., comprising part of, one, or several dies)
on a syhsifate (e.g., a Silicon wafer). Transfer of the pattern is typically via imaging onto a layer
of radiafion-sensitive material (resist) provided on the substrate. In general, a single substrate

will contain alABBAbIRPERSEEEIRVENtRR FRiten fardedialion deatesioe havintam@diationun
lithograBhiitReRAIRIES, BGREIRRPFMEAUFRARRTS dhadiiichaRBIRIoR) RIRtbetrg irradiated by

exposing,an entire pagtern onto, the target portion at one ti ebang o-called scanners, in which
cach (RYEEEN N & PRHAER S SRRAAHAS HEPHRE T SRESR SSIEaon beam n a giver
direction (the "scanning"-direction) while synchronously scanning the substrate parallel or anti

paralleéé%ﬁaﬂaection. It is also possible to transfer the pattem from the patterning device to

the su printing the pattern onto the substrate. [00031 In device manufacturing
methods usif@ARAbYfiwacanhiceaparadusiingonachinetbatieppieaeldiasiredratieroentage of
correcHyt e WRGIHIE L daXIFFoIS %@%ﬁ&ﬁ%%ﬂl&%ﬂ!ﬂlrﬁé‘?@ fHAdYAbRGLIN relation to

layers that have previously been forme IS Is known as overlay and the overlay error budget

will ofPPBEAIEH AR bR ¥sed Jferexapapiedn themaryfagiure f e atrd ciseuitsies) o the
reticle|paNar hitaped! ansaaERhy idedtRabaieh id@ltemnatively referred to as a.mask or a

reticle, may be used to generate a circuit pattemn to be formed on an individual layer
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 pattem from
the patteming device to the substrate by imprinting the pattern onto the substrate.
[0003]In device manufacturing methods using lithographic apparatus, an

important factor is the yield, ie., 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 emror 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.

o



[0004JA number of sensors is used at substrate level for evaluating and optimizing imaging
performance. These may include transmission image sensors (T(S). A TIS is a sensor that is
used to measure at substrate level the position of a projected aerial image of a mark pattern at
mask (reticle) level. The projected image at substrate level may be a line pattern with a line
width comparable to the wavelength of the exposure radiation. The TIS measures

aforementionggd dARAknRAMSEP S YBASREIO HILHOBURRNIRIE Wil foPBoiNGating @nd: radiation
detector, underneath it. The sensor data may be use@éo measure .the, Eosigon of the reticle with

respecPRUMIENSL RN REOTIaRCAJRRE SPLDGUIfe tanemiss'an SFHERFom related
to trangfagpnambstiy easeagsedratidiessino reateddatrstbitatd/levebtier positimifiobéon and

scaling of the projected mark pattern may be measured.. .+ jQ005j een 10-
200 n&?f?f?é’feaad LU ST eas%‘ﬁgﬁg%)% eaTéﬁ?aS#o&gt glte clt%?%f gh%gygﬂ%a Tlégv
detericabsabstititénievihmiey bene linerpattem vithsa linehwidtisdemapanahiecde keime.  (0006]
With (05 CRIUNR of G0 B4RJSIRO FaRNAIHT R SR (R afifefiRige it er component
densities, there Is pressure to reduce the wavelengths used. In order to maintain or reduce
overlapaiipsnsusing e tansmpisrionpatienwith lﬁ&‘f“%@?@t’)ﬁ% Migdiation 859 rhe inventors

have dgtaemisss that Hdnands: dati Al be Dsevde mdadiaiiandsieition af tubeititte level with
high sensitivity that can be used to detect ragiation with, wa elen{g hsu?betw en 10 200 rim with

: {
an impMibdasrentie hectubshale fARlR e ArC8ar8eaiRL TE SRR M 212 e® “186t81 %o that end,
the invieséiuhprendgase tradistitonieiddine b avne esrefficceniosereditted turfdatiohe radiation

detectgr comprises a silican subgtrate. having a surface St @ce side with a doping
profile. %antflamgﬂniqg%%‘r?ﬁ REPCO %Vr}.g‘éé%g ggegjna[ﬁ%@(:é%{}g\ylid@(%%n the first surface side
of the mkasarsdbstrate, the dopant layer comprising a first layer of dopant material and a

second layer i RE g LHBE RO AU or gy Tt e BGRRSRREIE dumsseTace area

at the first s con substrate. The radiation detector further comprises a first

electrafdheormsistion dsterteicymemyentionph WS drigriartes vdthihadmited Mg silicon
substrgtenIha surfasqiaiae idhebiratimmiaometisr of the silicon substrate and the second layer

are arranged to form the radiation sensitive surface.
[0006] With the continual desire to image ever smaller patterns to 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 to 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 radiation
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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[0009]Additionally, in an embodiment, the invention provides a lithographic exposure apparatus
for exposing a substrate with a patterned beam of radiation, comprising a radiation sensor
according to the invention. [0010] Finally, an embodiment of the invention provides a
method of manufacturing a radiation detector for detecting radiation, comprising: [0011]
providing a silicon substrate with a first surface side and a second surface side opposite

theretdUIRSEATRESeRiadHst elrstradeernaagied te thedoramdaret 2ufkasesridwith a doping
profileglectisiftl b AedasHi ROtAd WIRIoRf sifiadaten Tty ish@actoareh hethiesiisygagadef the silicon

bstrat that in the sil trate a diffsion layer is formed and so that the surf
wron o8 R R S AP D S50 A G A A L A SURUbe surface:

[0013]seaditiveastafanggzthe layer of dopant material with a first contact comprising a conducting

material suc i ' S reqi s d rein tf dopant

material is cgeté?g&%valﬁgﬁﬁeg W‘sﬂ%ﬁt%%%%&@%ﬁﬂ%%{yf%%%&ﬁ@ aen rtg&@}rﬁ%@épos'able to

the ra€iRisIR aRpaedus forayipasing ajeghsifate pithimgaiteasshbassnekiastiationsing a

condugg@ﬁg%{ﬁgqla@iéhgm %g@r%gig@tﬁgtm%ﬂ%gn substrate. BRIEF DESCRIPTION
RA I

OF THE NGS [0015]Embodiments of the invention will now be described, by way of
example onl{P%AM Fisralierra ebrditpenhab s inyestiosrraddaafimgthrd afich
manufacturing a radiation detector for detecting radiation, comprising:

[0011] 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;

[0012] depositing a layer 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 surface area at the first surface and the second layer are arranged to form a
radiation sensitive surface;

[0013] partly 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 (egions;

[0014] depositing a second contact compﬁsing 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;



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; [0018] Figure 3 schematically depicts a cross-sectional view of a
radiation detector according to an embodiment of the invention; [0019] Figure 4

SChematica"Wé@d%zﬁ@ﬂ@?%ﬁ%%&%&%m&@a SORNSiBRMANBY tidiatidatietector
depicted in Figure 3; [0020] Figure 5 schemgticall d,(‘e#'i.cts an assembly of radiation detectors;
M}dljé

and [0SEieER]REcedinG N AL emPadisiert 2HB% ' 'of a method of manufacturing an
embodiment pig4 g digiien 4l stheinatically dipids Hredlevattiside MM IOEthed ESCRIPTION

[0022] Figure.1 schematically depicts a,lithographj tys according to one embodiment of

the invgﬁ(i%?ﬁ'cflﬁgpé)&%{ u%%ﬁ%ﬁé%%%ﬁﬁﬁ%ﬁ%@g%ag gtpe@n? '(iIIumi_na}tor) IL configured to

condition a raf@ia%e}FlgaenSs¢chbemativalttiepictoarasseatibtRipdigtiopsistesiersinide.g., a

mask table) NogqiEibries 4O RHRRRAIR BBHRISIANGR ihsyférd ofarTiRsibddy and connected to
orier C

a first positi ’ nfigured to accurately position the patterning dek\éc;e |%ccordance with
certainfparafasturiagne srohadimantefa frditiprdetastes F050LIRg A LasNYaMIN substrate
(e.g., aresist coated wafer) W and connected to a second positioner PW configured to

accurately position the substrate in accordance with certain parameters, and a projection
syste%@,"aﬁ%f%ﬁ%b?gf%on lens system) PS configured to project a pattern imparted to

the radiation peoRR]Bigyreatisthingatieafigadbpictnidithographjzoapparatye aecomdingiting one or

more dci)%sé) eor{t%%ﬁﬁ'gn IE)aft{?l'l<\a/\€hvention. The appératus includes an illumination system
(illuminator) IL configured to condition a radiation beam B (e.g. UV radiation or EUV
radiation), a support structure (e.g., a mask table) MT constructed to support a
patterning device (e.g., a mask) MA and connected 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 pattem 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 patterning 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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[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, La, 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

desigrPBPROE FiRdTIHIBIMaY spake thak e Arkterainasiryice SrtALerirdensiianiRiher or not
the pagiespip deicespditid the prafetlisnesyst@nmAany. ddeedfthe tstral Ugiticletan use

mechanicak,, acuum, electrostatic or pther clamping. 51%“ ues to hold the patterning device.
The suP8 &?ﬂ%ﬁr‘g%%? 58 SF%Q)%}F“& ?Xﬂ?gefo%"ég(i d?gr\?vﬁ%?]e}ﬂr%a@e e fixed or movable
as redipaieriihg dewmectt structure may ensure that the patterning device is at a desired

tion. f : i reficle”
position, for m@gﬂﬂﬁ%h@n SISy ARG HOBI R bR Fitafrisdigle” or

"mask" here onsidered synonymous with the more general term "patterning device."

[0025P$ efesring Ry iiayesthabcais ba HepditrdRbar »eadiat gréttea aatefrring to
any dgyieedRisCaatenUn Rt i85 IBRMEte" a Hialiem RFaTaiyBh FoRRIfEEN ik BuBKIRREERtION Ssuch

as to create a é)attern in a target portion of the sybstrate. It should be noted that the pattern

imparfiPHidihe Ratedibatibs patiern impanacdy thyfadiplion Leam May et SXAEH in the target
portioadﬂféb@omhatta&cliléstrﬁawwdﬁmﬂ@mtgéﬂ ﬂﬁﬁﬁbﬁgﬁ mwsabstrﬁtmlglﬁewmméim called
assist features. Generally, .the pattern i rted to the radiation beam will carres toa
particEJ[rSr%%f%ﬂblﬁ‘&f‘éﬁéﬁﬂag%rpéabl@{!‘%g%ﬁ@é?éé%&%".ﬁ‘-’t 2 tSF&'e'%Pg%?%%‘r? S 'sucﬁna%Péliﬁ'lntegrated
circuithe pdtteatinpartpdite thingaditios beayrbailrcorsesizsidtoarpédicivar faxatignek of

tter| IGes:] ' e : LCD Is.
sl L e o e o e g
phase-shift, @ elThe patiarpingsdeviog naayhe tepsairsivergisaiaciiv tyasplassstample of a
ProgragBaiiy HEVNes TS HRKRS PEdSrARanRaifor afralRahnd pRgraRraplevhich can

be individually tilted so as to reflect an incoming radiation beam in different directions. The tilted

mirrokGR panelsy Masksrare walbkepnin fithadraphy randdpausie maskitYBPR SR 25 [0027]
The tefRanpraiReHatingypirive-HRRE Haeindtinied padveatin, atowuk edwesiensbymabsing any

type of %r%'ection stem, irlclu?sing refractive (eflective, catadioPtric, magnetic, electromagnetic
and e} %ﬁ% 'ﬂ&iﬁa@g B2 F%Q{?'E'{}Pﬁf} ﬁéﬂ'&"ﬁﬁﬁ’é‘}@bﬁrﬂg %Sp?o P& for the exposure
radiatorabgéngens efl smafbmirtioes, featdr sfonbithsahde dedividurally tittediso dgdidrefiebt use of a

e 8l é&%ﬂ%ﬁ%@&pﬁﬂ@é' rﬁi%‘iﬁgﬁéh‘i'a?r'é@ﬁéﬁﬂ? TRY ARG MBIERLSHhASPY [eRpySs wWith
generdl term "projection system.
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. Afiy
use of the term “projection lens” herein may be considered as synonymous with the
more general 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).



[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 army of a type as referred to above, or employing a reflective mask). [0029]The
lithographic apparatus may be of a type having two (dual stage) or more substrate tables
(and/or two or more mask tables). In such "multiple stage" machines the additional tables may

be used in pagaﬁﬁb]%ermawmémﬁammsbﬁaqaféiw@mheam@mmmmwme one or
more other tables are being used foy exposure. 'OO%‘)%]l h? lithogr. Wl?p PAALus may also
be of a {)pE \ﬁﬁ'}%ﬁ’éﬁﬂ%ﬁ@ﬁ&@%?ﬁ&%%ﬁ@%ﬁ@?ﬂ%a ébenc%t{/%rﬁ By a?%i)qw aving a
relative iy hipinee s dadittoia tables wap beasas fo filrallshaoeptepatatonyiigns @eyobesystem

and the substrate. An immersion Jiguli li ' ifgpgraphic
apparatﬁ%r,ﬂ%sr %ﬁa%‘pﬂ 3? @étW8&%€ﬁ?’Eé%n§@Y%n§8t§f 'g%%egﬁoér? tsgygs]tseé n? plél nﬁg%\e S[Je“?h niques

are welekposunen the art for increasing the numerical aperture of projection systems. The term

Immersion” a ' AithahasHivs bESs A ffpawhdidistfleastast be
submerged in“liqui %ﬁ@ﬁrﬁ gmg%nggﬁst that Ii!]stfi]d is Iocate{(‘izlhi)%twpe{é}e{sf H;ﬁrﬁroé?ct{'on system
|

and thepulintratéhausihsteaisonabe coyrsed prarigHidayigAdaal LPfiY&ceives a
radiatiop Reaw. r oWafeFagkES FoSRLEGSh 86, Detweitive pmrofbttierityateaphitidhparatus may be
separate entities, for example when the source is an.excimer laser, ases, the source is
not conSHASHERIGo AGH o il ‘8??&18&%5&8 %Sgngﬁjéﬁgr? qﬁrespaa(i%ﬁﬂﬁ%gam is passed from
the souligGaptadappluatisator bxavitpléh betidesindtimeaasiiclivbtyepsasatoD Stamising, for
examplg, suitable directing mirror : a-at aeRsite GRemay be
an inte '?&'F‘S&Sr'f’ Bftﬁ% ﬁ%‘t%%%%é‘ﬁ%i@%@a%%@‘fﬁmﬁéﬁiﬁg svéﬁg?rr\] ht]a%gurce IS azr};ﬁgﬁ:ury lamp.
The soufquaietioncsystethsmiFaederm figeeisioniaansasbhescir fnes ngimeanthat Aquired,

may bes'@f&@f&?é! 287 & 2AUAGRRY IR be s Gl aniaakt Yathey smynpdaasan adjuster
AD for adjusting the angular mtens%ﬂdlstrgbutlon of the radiation beam Gﬁnerally, at least the

outer athabliqHiss lngricd:heteenine ornediensyriemand hesubsirale AU spectively) of

the integgiysgfgtribution in a pupil plane of the illuminator can be adjusted. In addition, the
Comaeese, OB o oS TUPRARL TR AR o
uniformisdiation sturssyStistritistissuicétamidhe tithographic apparatus may be separate
entities, for example wheAn the source is an excimer laser. In such cases, the source
is not considered to form part of the lithographic apparatus and the radiation beam is
passed from the source SO to the illuminator 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 iffluminator L 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 g-outer and o-inner, respectively)
of the intensity distribution in a pupil plane of the illuminator can be adjusted. In
addition, the illuminator IL may comprise various other components, such as an
integrator IN and a condenser CO. The illuminator may be used to condition the



[0033] The radiation beam B is incident on the patterning device (e.g., mask MA), which is held
on the support structure (e.g., mask table MT), and is patterned by the patterning device.
Having traversed the mask MA, the radiation beam B passes through the projection system PS,
which focuses the beam onto a target portion C of the substrate W. With the aid of the second
positioner PW and position sensor IF (e.g., an interferometric device, linear encoder or
capacitadiationsoej rth doshdoatratdesited Wiformitybanc inted silyadisdtitytiengn §® ciess position
differegé%]ﬂgg‘(?t portions C in the path of the radiation beam B. Similarly, the first positioner PM
and another position sensor (which is not explicitly depicted in Figure 1) can be used to

accurately pd@RisH Tine redistinmbaam B épiasidentengamratieiningiiaideedesin Baslky., after
mechaniRRIIFIChERBRPSHIIYA MR 8%2 Atk ILUCRANR amgiagsredthe mask

table MT may be realized with the aid of a lon -stroke module (coarse positioning) and a
short-&¥dke H%&ﬁj%’@iﬂ@‘ﬁ%%itiﬁﬁﬂ@@,%ﬁfﬁ?aﬁ%dﬁﬁs&% fP&%S&HBHiP@M imilarly,
T]ovemasﬁeﬁmaghwaﬂéﬁdﬁof Wé’yﬁt?ﬁ s, wnmm«ma B5Y mm@ap Iﬂirokbmmf@t and a (
short-stroke module, which for e sec ositioner PW. In ase of a.stepper (as
opposEie Gt e SRR R e A et B oo R R Bl oy o
may bseﬁxedlm/(:mg,,l\m mterfenbstedie Wmaylmmgmﬂaswmwﬁnﬁaﬂfks MI, M2
and S‘é'Bg g,‘a‘?ea&gﬂé\ﬁﬁ‘ kR Frbved a’é&%%k’éiy ‘é‘? SHQ%&%@EA%&&%&&%%&&'Us“ated
e e foca S

occupy Icated target portions, they may ed In spac etween taFrr?’et portions (these

are kriiticas Scimiba-pritngthasadiation deamBipimilaryiiihadisstinositrrertM aRgn one die
is proydeanpbstinirakndor (hRiEhashal expmeny depkidaay PR lrealreahaiyasadis dies.

[0034] Theéjg)icted_ apparatus could be used in at least one of the following modes:

[0035FECH ARl RRsifiontthemaskdiieirespeatdohssraibbilie RABIRNEGAB Sentially
statioraagx.aﬁbﬂermmgii&mm@mﬁm@mmmmrwwom?gm la:argjemgeherﬁq a tar?e;[j
portion C at one time (1.0" a,Sj tatic exposure), T ubstrate table is.then shifted in
the X %H%P@Eﬂgﬁlﬁ)ﬂ@g%#g @\ﬂé?éxﬁ%piﬁéﬁzg& gﬁ @%gﬁdabog %j(%%%lé\go nestep mode, the
maxirmodui (cofitbe pagitionieg)ielndiastsothetsike oiatielealfie positmmibgmuhish fomrsingle

Statio SRR 1t BO3RR A BRES AN WEURARA B AL BULRASB YR frighle WT are

scan syncnronous a pattern im e radiation beam Is projected onto a target

portiobeageadizes sinie ajorgritrelsponsidl anda shaptipkednediln whisk fameatotable wT
relatived QeI FIsiate by hig 95%@3?@%%}5&?%@8&?@@9@if@ﬁtmlﬁ@f'fﬁége reversal

characteristics of the projection system PS. In scan mode, the maximum size of the exposure

field IMAEKHRDRIMA (MRMHee RsIREeditR MRRASHPLE AEYAIRE PP RITTNARS By namic
oo ot T ok able MT & kept
irection) of the target portion. .In er mode, the mask ta is kep
esseﬁﬁ'gﬁm@tﬁlwgwwmﬁgﬁ Bi‘oé%%né@%%g ﬂﬁﬁt@9i§ggﬁm9$ﬁg@[ﬁ§sﬁ%te table WT is
moveithetrated oeduphittedipatidiaiga poeibhs teyatayibe heatedsipsgacesthetweantarget
portign C. In this maogde, generally a pulsed.radiation source is employ. programmable
S IR ey R i S R
betwsé#natiorsecisswhich dratierthan sew diieiisgprovided] ThithenodsloMpdhgtioagian be readily

applie,éﬂrﬁtﬁ1 A ?fﬁ%?ﬁéimggrggmcg?ga B@%éﬁg@ﬂ@%%nable patterning device, such as a

progra e mirror array of a type as ove. [0038] Combinations and/or
variations off@34Ebw deristathapparatitsesrldborsediia ptdaasoneridbs Bilgedngay also be
emplgyssbs:
[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



[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 1152
are provided. The fixed markers TIS1 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

positiongshipriteatbsy aie skare. Ihateh bl e hiaunstels theistpesird fiegrpsitioned on
the substrate table WT. Consequently, the relatiye pos{gt@n o{?ti]e ima%e of the object mark on
the madfipAnG 2R Qe fArarkparieq Cimaged R g SR TIRNG KRR W bstrate table WT is

provided with [86381<r iesYrcaogesing miabkttatite T emdetine, sshifsatettabla S Rite P2, P3, P4

epicted in fi . : . .
ositorteaTiHS SRR RS BE0R IpanARE bERARYEHEERBIECAIE 1 e
substraestmarnesgel ppaion X1 (Pa. .@m’ng@jdwlmcaﬁmefﬁ)s&%%@mbﬁ@é tlirectian |

knowlegg ok felativp IBARHIBISfiiEGd TPRARIK BHRVIFF g kLadrmmrsk by Anand the fixed

marks TI1S1, 11S2 measured by the image sensors within TIS1, TIS2, allow the substrate W to

be positiinagnifieptirsmed aanreversal eharasterisirscel R Qe EHINSYSIRM A ith great

3ccu ragyan mﬂa@émaﬁmmwwu@?m ﬁ’e&f@ﬁﬁ@@ﬁf@ﬂdiw;(?wmi amdiatéoré
etector 1, e,q., TIS1.or TIS? in Figure 2,.or at least part thereof, according to an odiment -
of the iﬁ%ﬂ'ﬁ'gﬂ. é?f!aa]éi?ﬁ%@(%@?%‘t?&%ﬁéé@%é‘#@%{%ﬁ%&%m ?rﬁgfjﬁ]gfter

referredbtatisobtiaybstimiing notidriaistearinetaite height finflibeGirsing directonhof3hsubstrate
3is prq‘yi(k(é%? v(\sirt{iwogoping profile of a certain conduction type. That is, the doping profile may be
of a conadction ype in which the conduction takes place by means of electrons, La, n-type

conduction, ol08831éohaavothetypode. theonank tebleilVTiiskenaspritialiystalianansf holes, i.e.,
p-type ﬁembcg%}ogran{%ﬁ PRI i igfameciitiivacUEBeAWT keapkatign detector,

a dopant layéer 5'is provided. In case the doping profile within the surface area 10 of the

Si-subsganvedruhiieaipattepp inpaited R thesdintionRaaniis prolectad onigya taigedase the

dopingwﬁﬂkwitmrtmecﬁwa%ﬁ&a;og% LlbedTaaiiinaieuos s iemptopdy Rmersluction, the

dopant layer 5 is a donor layer. . [0042] The radiation detector further comprises two
electroB@9reRmahieRAtEIIRR dexivs i 9&@@(36&3@55.31?}% %?ﬁém%%fégiﬂg Be covered

by a praibstiveel yisie Wit pidietitisgnisacasisivenatitiotoplises theriag\arscanerithiss the
radiation needs to s the protectiye layer 11 the protective | ' f highly
transpgi’ga?f%r?ﬁg%z'sgﬁﬁ n Oeﬂgaé)é&%é%_ %]to ﬁﬁ%@ﬁ%@“ﬁ?ﬁﬁ@@r eﬁ}ﬁl‘g l:):/sonnected to the
dopanprageaBnEidsipstieraingdevice; sygnaseopegranymidiemirgeasanoffepipgeasn Figure

3. Thisr%w%é ?gglgggeensures 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 overla0@BBlgemtinations aadied vatiationsap e peevrdasaiked medesRiHaRrease the
speed dp ¢l BREAIRIRGIESIBE IRl ImeRBiRdbeeRplagkation pulses. The first electrode 7

may comprise one or more metallic materials or may be formed from metallic stacks including

metallic matdRARONRGLIERischematicallyfericanarangemeant ahtireis LSRR BPIfckel (Ni)
and chypmgeffigtid in the lithographic apparatus of Figure 1. On the substrate table WT,

two fixed marks TIS1 and TIS2 are provided. The fixed markers TIS1 and TIS2 have
ihtegrated 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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[0044]The second electrode 9 is connected to the Si-substrate 3. The connection may be made
with a second surface side of the Si-substrate 3, the second surface side being opposite to the
first surface side as is depicted in Figure 3. A connection as depicted in Figure 3 between the
second surface side of the Si-substrate 3 and the second electrode 9 ensures a homogeneous
influence of the second electrode 9. Also the second electrode 9 may comprise one or more
metallisutsstrat@tnanksy, B2 fé18, & hsrue@imetﬁhlicfgtmemimmgmneta&osna(enals like Al,

TIN, T {ﬁ)es?rgf@ fipst fayer 5a of
dopan n?éz}pl gavéoe%%gzgﬁ W%@W?Eh Is a 35 ﬁusmn ayer In%ﬁ%dﬁ%eﬁg 'the dopant
materiB¥is ahea&n@wt@wﬁaiém rﬁlaélvﬁ)ms'(BysQ%ﬂ foersrbsirataunartET (af 2rRibih (in).
Alternaixaiye 4y dRBARG AR 3LAYRY mmmammmaemmm@rsemc (As) or
antimony ([Sb) EO00461 Embodiments of the invention wgd%tniibe desc;lee_t

refereROSTOB Gidhaitnagephiis.ehisrtmarker e fixed marke, 5 by
BxSiixTeemamsHiire€ bp e imEgjecsansopaniteihims ﬁlrldsa sitioetihe asissiitaiel &\Utodee the
circumstances, x bein valu between zero one, t, the first
layer FP1BBR 8{2312 Sg‘fﬁférﬁ REGIL %a r%ei) gﬂ?ep {r n%téagr(ﬁcg ?ﬂe first w)@r@\Sa for '
radiatisitingiie ataaceieragths between 10- 200 nm is not 100%, the first layer 5a is kept relatively

iin o ensu o) YR AGREY ol SRS SIbSCEns SeRAialy aukailadar raciation

with wavele e secon ayer 5b of a BxS11.x-compound has a

thickngetestor- 10&@1; Tithit @Iﬁfﬂ@%ﬁbE!ng&é?ﬁﬁb'?ﬁwg‘&ﬁﬁ%@%gwﬁgémh due to
aforergariiongHiskSH A iiSHSCrRe tHdtbRRIcRRIPE BanpRsEed wilkew(sndue delays

away via the first electrode. In an embodiment, especially sui %ble for ragliation wit

waveléHQﬂﬁrﬁfe%NQ@‘f?‘féﬁeISBfﬁﬁ?qﬁ%%%&ﬁﬂt?éyéf&o?r o ARt RS ﬂﬁ%ﬂ&ésr&% 1000
nm.  thel@R4Bbbrate @ﬁh@@ﬂwusﬁlaee%ﬁwmdwmwm@ofwmmwaam of crystalline

silicon. In this, ca e th er 5 has been p ed on rfa f, oned

epitax?ﬁqéygvon g@%ugl}% Rﬂ%’é"!g Cl%‘é#)ro |8n'§t ei%e‘%% surface

area Iddnditiotici-aikbstpieShyl epesit @i eibtbtmﬁssujayertﬁae)t@mcqtmuQes)ﬂevelopment of a

pn-Junc i0 thw tg1 ﬁiﬂgﬁ ea(ggﬁ‘d‘& {p)e' jﬂﬂ%ﬁs%\f%%n g layer 5b
rofi

of a Bx a comp ype semicon uctor opln e in at least thé sufface area and
the difopductioyer are so arranged as to form a radiation-sensitive surface of the radiation

detector, Thfoﬁ?ﬂ@fﬂﬂ%?ﬁﬂﬁ&%ﬁﬁ&ﬁ -SeASREEEEs U oRUiEIch dawRgioth between 10
era

- 200 nm. In'use tion-sensitive surface, Le., the surface area_of the Si- b%trate 3 and

the diffQBRii layer Bis Rrevidess: Irayetindeping REAfia Jtunibe sHiReeRa L
aforeqpRNgPEELstPstia R Iates i@Qﬁ@yb&' ket yegzataagdp 538 am@maptmddwer 5b

eI GRo I OB S AL CHOE B e IR Bt VR R R e B the
radiatintypé iDbehsitibe, iNedehang 1agdrdies ddrbaray&00 nm.

[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 bartly 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 § is larger
in size due to the overlap, charge may be removed within a shorter period of time,
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[0052] In an embodiment, the second layer 5b comprises 2 sub-layers, La, a first sub-layer of
mono-crystalline BxSii_x and a second sub-layer of nonmonocrystalline 13,S11.x. (0053]
The first sub-layer of mono-crystalline 13xStr..x 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 BS iilocated between the first sub-layer and

the firstdguat M aiersbse e srea sitliclayer radiatiighdsiestbreisististsedistiost conductive.
The presence of the firstlayer and the second sub-layer of non-manocrystalli it.X
suppreé@gfﬁé%"c‘? %%jetﬂﬂ%ﬁ'ﬁabﬁﬂe&%a%z%% 50 E’ r%%%é’&gn‘%ﬁf,“t%‘é* ragn%ﬁlloﬁ%%?v%%n the
seconddayaydiiBinediommetalisistadkstinctuding joetaltio Niateriaie ieahundubmayer of

non-mogé%g?ﬁmumqﬁmrg i@ﬁé@ﬁyw(gﬁ#:ggﬁs&w %—%%N{m @m@ﬂ@(@'@ned variation in

thickne second layer I.X is, in' Case atorementioned two sub-layers are present,

mainly due tol0844lithe sesrnd electipdagiscamerid iothay2tsybetste 3. 108551 Figure 4

schematicallyasPinE M SRRl sARideMinidRaRsirRAMpa SEhBstastieiodetector
depicted in Figure 3. From Figure 4, it can be seen that the fiést electrode Zﬁiga)ﬁbe configured

as a co susfagesidshrirgwrpasfiadets fistisi fide 2548 HePIFIaR PR Pcharge
remova velegitnebiidhedarpicleran isigarsidbetaisraing SexndiundmssidglostiesSiesistance,
the read-out speed, ich is correlated with the charge remaval velogi 0 slower if the
sheet rég?ﬁ&ﬂgeego??ﬁggﬁﬁ%%%%ﬁrcor\g%%e%qSf"ﬁeesr%esi}gpacr’lggn&ggjgn @/ué?r? ﬁi?i?ance
betweesetione eletinodestid Alsol teatiecdndtele Sk 9ayay orvapsise g §8 mareimedallivhe
conducj id limj j I § i i re an
CoiorEiends WPl GBI ol Fullne SR THOMethd Hlepaf. IRderRisaiena e n
electrod@¥ndt AboNhandGgure 4), which may be located outside the area covered by the

radiation-sengiiuesprriaes b Ryars iompities Rickayerd 0 FRTIg cmsuriepaid forms grid
cells. Typical areas of grid cells are 5 x 5, 10 x 10 and ﬁo X ZOﬁmZ. Aé)érapal V\gqhh of the
X 0

condudhéterialaad asecenrdaveralynlich 45 9Esion [Avek R BIEMRALINRNE MR8uctive grid
SltrUCtuﬁﬁpmmhl@ﬁ@Wﬂ@@be‘bwdmﬁilﬂ.aimbdmtim),rggwuim (tﬁal),ra&mhmmd ) (?Atgg 1T
cleanroom envirgnments without itional conditions regarding restricted. 57] The
radiatiﬂ-@@*ﬁi\a@glufgﬁﬁwap‘é&a ion 88?4@%\51988%?@5% ﬁrgp Pe"éi@r?s?eﬁ Fa@}( second regions
13. In thlecBpttorgidRy ii?sehte:_ﬁkﬂ)layanﬁmgnye(su)e Iaye_r of Boron, is connecte_d to the first _
electrode 7. I HIRAERMIAIREIRG b he' IR ERRLITWAI fftle? nd Felibrticdf Wil FBrdfohgyered with

a protective layer T1T. _ .
to boron as acceptor material. In this case, the second layer 5b is a layer of a B,Sis.

«compound, i.e., boron (B) encompassed in a silicon structure as suitable under the

circumstances, x being a value between zero 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 layer 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,Sis..-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,Sii.« has
a thickness of 10 — 1000 nm.
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(0058] in an embodiment, the second regions 13 have a cumulative surface area of 10- 25
mm2. (00591 The protective layer 11 is optimized to have a high transparency for the
radiation to 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 detq0049Nnas batadinscod ttandhatdnirbte Tomaristation @Mxiaétﬂiw pérticles

comprlsm% E%osnlr'g(%lﬁt durin %'t%ﬁrex&esqo(?l &gr@ﬁ'ﬁég g@th&} er|a'f t\gﬁ}@t with a

patterner& 2anm of IAton ogen’is an erfective c eani or suc
contanﬂﬁaﬁnmmmbmeeélemebbuaﬂould interact with materials in the detector causing

damage. Thewé@tﬁts & 15YRE Hgﬁ@é@ﬂ%ﬂ&ﬁ’c‘%&'%ﬁhﬁ ARIpER fHaButienslinges and is

positioned on the sur ace of the dopant layer 5 facing away from the surface area 10 and thus

the Si-aiaftaef hesbsitisiaivig, ﬁ%?ﬁi@‘i’tﬁbﬂ@@%ﬂr %@Xﬁf&ﬁﬁh@oﬁ%@e‘ﬁ'&??&cmg the
radlatl%vétbmﬁéﬂraﬁatlmﬁjuhetm B@W@%@@dﬁﬁcﬁ@é@%&&fﬁfb@ﬂﬁm gharepatamination

Id t t 1. Th I th t tive la 1 with
by drodioY ORI AHB IENA i o  SebtactO Bt LA e B T R tecor
[0060Mbm@mﬁfﬂa\i& hyeasllhmaymmea ariutﬁnea&fﬁxsx(ﬁ]l@?&rtarbsn anaegmilas layer, e.g.
provideg By mepnsAoms iibe of shemisalyanacaspasiian(Cin) e alasma aanced

i
CVD or low pressure T CVT AR Wil BE tnders y a person s e art. I must

understodace i seositivectoivediationviis awapeiengthdieiweandfss 2@0\/5'@;(@ t&@rowde a
metalli, grg AU AL SQIRIR 1Y ah&E Atk AFEIE JAYURS Si-sulSRAE-B4HR hechematically

depicts an assembly of radiation deétectors accordmgato embodiments of the invention, e.g., the
embodliffesieBrayaidlsilnataast forty seplisiod whichiginkes she-srifacepensitietBly shown in
Flgurea%@mgmmmﬁf@, radiation detector 1 is used in which the conductive grid 7 is

connected with an o r|n haped e 15 as discysse th reference tp Figure 4. The
first electrodégofbﬁ ﬁ%i‘? f‘éﬁ%ﬁ’gé’tm%’ﬂgjﬂ%\g HﬂWcﬂY&d@‘&ﬁ‘?ﬁecting the
first eIeetrweatﬂfﬁhmrw&netan&d@gt@amdetﬁctméadmeteowesmhm@nrwhpad e.g.,
one of ban ment, metal m the t rds a
e S R R R R L
detectadidtiahiofdotarast) ianpowauglbagtion hebwegm§ AlandtB00anmmcting directly the second
electrode 9. ﬂqﬁ T g_gﬂs Sw%pﬂgna SF%Q{@M&%@&’QES%QH%?@'?EO% detectors

la-d arrange&oln a symmetrlc or easuring radiation provided'at different

|IIum|ﬁﬂbm@@@nmﬁl|MM@@f@|p(ﬁéqmm%{ﬁﬁ(rféf §@8drupole illumination.
monocrystalline BSi1.x.

[0053] The first sub-layer of mono-crystalline B,Siyx 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,Si1.x is located between
the first sub-layer and the first layer of boron $a. The second sub-layer has high
sheet resistance but is conductive. The presence of the first layer and the second
sub-layer of non-monocrystalline B,Siy.x suppresses electron injection from Si-
substrate 3. Consequently, the transition between the second layer of B,Siix 5b and
the Si-substrate 3 Is junction-like. The second sub-layer of non-monocrystalline
BSi1x may have a thickness of 0-2 nm. Thus, aforementioned variation in thickness
of second layer 5b of B,Sii.« is, in case aforementioned two sub-layers are present,
mainly due to variation in thickness of the first sub-layer of crystalline B,Sisx.
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[0063]Figure 6 schematically depicts a flow diagram of a method of manufacturing an
embodiment of a radiation detector according to the invention. (00641 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 BxSil., is fg timal farmatipn tak C | WORNG Bpyeide is present. In
order to ensuféagrg ](ﬁiué'efr%gcosh&r aac%ae cﬁ?ﬁg{%‘ %%a%%%g% to the Si-substrate surface

before efobedimetidnéthdepdisitiom datertos ¢rpiciedda Figur E%@P@@%@%n@lm bRtion 65,

the 1220l his R BHR QYSROY Al b réeY 85 GPERRGiI e gnalah edndactieiectrode 7
or conductive grid as schematically depicted in Figures 3 and 4. AS%‘E%%“? }Sgt artly
vered w

coverirgfiding degistes imFigueaA@rallen snipasaned CRABRRIPSY ddPwilh the first
contach g IBZQF%fgéhﬁ%&amc%ﬁdMB@mﬁﬁadmh theetoedistanesgtive asatkpidted in

Fi 4 and 5 is located. The, | fB ' dint i ., inth
e e R R e U
of B in stieetmaisianeel mnem&m@mm.wTme@Mmemg arranged to
be h'gf%})’%%%%%mté Rﬁ@ee(é‘é%ﬁ%h% %?7‘18&%%%% BLRE PR dRIRpYise

silicon or forming a insulating layer. The layer may be provided by means of some
type ofisfimtuizad.vApercosgusiiverof\Vimitatbemaximennane afelarBatiPifdssure CvD as
will be yadarstoqd Bysamerena.rkiliniclbRtafarge IBREILT il boirastiondidl mapbend
contact layer comprising a metal is deposited gn top of th@ seﬁ%nd suré_acergf égqﬁ}é%ubstrate.
[0069]EHAWRNEHALRY AORSMEHNgT H\Sré%?‘?%'ﬁﬁpg%% ff ARG 43 SiUibRe Elible
applicatiapHpesey SRR e R GResed, iy theradiation-sensiist sselaser afithenigh volume

EUV lithographic apparatus.
radiation detector 1.

[0056] The conductive grid forms grid cells. Typical areas of grid cells are 5 x
5, 10 x 10 and 20 x 20 pm?. A typical width of the conductive tracks in the
conductive grid is 1.0 — 1.5 pm. 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, i.e., the
tayer 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 embadiment, the second regions 13 have a cumulative surface
area of 10 — 26 mm?,

[0059] The protective layer 11is optimized to have a high transparency for the
radiation {o 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
'Iithographic exposure apparatus, the radiation detector in use becomes
contaminated. The contamination is caused by particles comprjsing 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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[0070] Although specific reference may be made in this text to the use of lithographic apparatus
in the manufacture of ICs, it should be understood that the lithographic apparatus described
herein may have other applications, such as the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin film magnetic heads, etc. The skilled artisan will appreciate
that, inHbwexendwdodgengroakdmerast withlivattsials ivipedetettbecausingwareager "die" herein

may b?ﬁ@@?&?ﬁéﬁ@eﬁé@?@%@ﬂ‘éﬁé{\@ﬁ‘t&%@ﬁr&&9@%&5% LRI eRrakar et portion,”

respective e substrate referredto herein may be processed, before or after exposure, in for

exampleHtivaer on s sHeeeRREANG dppaatiayri/ fasing auwan foe BgravfarR eelfps the
ﬁXpQS%ﬂdQﬁéﬁé)th@ ?_%t{ﬂ@ﬁéﬂﬁ@' lg%g]@r%ibgﬁipﬁt%iQﬂs‘iﬂ@hédlb?fﬁlsél@gdﬁﬁb mtert]h@teigatiostu re

erein ma applied to such and other sybstrate processing tools, Further, the substrate may
be pro@é\é'g%ﬁ?n '?H%'&%B‘?ﬁ@%%ﬁ’ﬂ"&@@g BRIRD %ﬁﬁﬂ%%l‘é’f’&f‘go that the term
substreddiaties] hmehsntaaﬁrfiiw_ef@ulﬂ)lmwéﬁmtertlﬂm phetactivedayeing illhigde processed
layers, leangﬁggﬁ%f}J'FQPe‘%éS%%%'}c'?{ %&ﬁﬁ‘gﬁﬂ% R%‘ﬁfqﬁ»‘?gﬂd%ﬁ’eeﬁ@vﬁ] V6tidne use of

embodifen e inventionin the context oroptical lithograp be appreciated that the
inventidetecky, véthsetcausing dapeigmstiotis detestample Imprint lithography, and where the

context allowsofpehABHARABRIGE! ARSPELRL AR IRRIEAERY 3 t9RSGHARNY in o

patterning dev attern created on a substrate. The topography of the patterning

devicdselaiastlares - intevided by sreaskPEEpMRING Blehemigahanpicistpsiione resist Is

cured @RI RIRETERNABEH CRDiBH R BReds e BV NRevAICoE DiRliSdaaspel. The
patterning device is. moved out of the resist Ieaélfgg {g ?%attern in it alter the resjst is cured. The

Inven®§SRRSHed & he Floltdrust BaiUNERTS ShermiariyHaNRIsH 3F & ctromagnetic
radiatigtiopalipgder Protgssiovasistist to [10vIAE henketailis gridlislibolitawst dikiaokiticsed herein
enco é)ass all types of eliectromagnetic radiation, including ultraviolet (UV)-radiation (e.qg.,
havinrg YShRréhe Btﬂx(')q% ABGut 365, 355, 248, 193, 157 or 126 rim) and extreme ultra-violet
(EUV) radiaff006H Gigirevinschenmmtigalhgte picth @nasgerobly-p0radition deleatofsarticle beams,
such %%é%ilfbf?] %r‘?\%‘qh‘iﬁ{éﬂgb%?ﬁ‘ﬂésiﬁgﬁtﬁﬂl@ IO LAIHOGHAHELP] Fsdfaign according to
the invention &s for instance described above In detail may also be used to detect low-energy

chargdeteeiarcleassirpiciectie fiaires 8 gad tha Ipdhecrssendly ShewR T RIOEIB®s@s may have
an engraoRiAER BF 2 ARURYIdR GEREISr0iKaYed in IHidPthéRenaUBHRE Gridvhese the context

allows, may refer to any one or combination of various types of o(%tical c%m onents, including
BIRAER RS

refractRANGEIRWID FnQYietitngrsbaerdriretinds 1Ps AIRYSHR OO .
[0074f i rdeds PRl ifratrandionRialy of the reypatiore hadiiwedaleswibaad-abmay, Bewill be

R S e e R e R e B g
machihweitieacaditespstiditiipberisad)ing cometiduiad phsisldSedmbovembpdiniett,storage
e R e B
limitirthisThurppiteniTbe sexqmae eicotmde siitheairesiestive tetentorsiftamdssaminpe andde to the
Invenfiol) B8 E5RRELRTY Wi ARLAF GBHIAGHE Wby RO S&dRE Satisdeh out below.
[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 qhadrupole illumination.
[0063] Figure 6 schematically depicts a flow diagram of a method of
manufacturing an embodiment of a radiation detector according to the invention.
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CLAIMS 1.A detector comprising: a substrate having a surface; a dopant layer; and a diffusion
layer in contact with the surface of the substrate and the dopant layer, wherein a doping profile,
which is representative of doping concentration of the diffusion layer, increases from the surface
of the substrate to the dopant layer; a first electrode connected to the dopant layer; and a
second electrode connected to the substrate;

[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]Sub§equently. 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
substraté a layer of B,Sii.x is formed. Optimal formation takes place at locations
where no oxide is present. [n order to ensure an oxide-free surface, etching of an
oxide layer to the Si-substrate surface before aforementioned deposition may be
performed.

[0066] Subsequently, in action 65, the layer of B is partly covered with a first
contact fayer comprising a metal, e.g., an electrode 7 or conductive grid as
schematically depicted in Figures 3 and 4. As a result of the partly covering, first
regions and second regions are formed. The iayer of B is covered with the first
contact layer in the first regions, e.g., the regions where the conductive grid as
depicted in Figures 4 and & is located. The layer of B remains exposed in the
second regions, e.g., in the grid cells discussed with reference to Figure 4.

[0067] Subsequently, in action 67, the layer of B in aforementioned second
regions is covered with a protective layer which is arranged to be highly transparent
for the radiation to be detected. The protective {ayer'may comprise silicon-oxide
(SiO,) 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 radfation 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 text to the use of
lithographic apparatus in the manufacture of ICs, it should be understood that the
lithographic apparatus described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and detection pattems for
magnetic domain memories, flat-panel displays, quuid-crystai displays {L.CDs), thin
film magnetic heads, etc. The skilled artisan will appreciate that, in the context of

-14-.



wherein the diffusion layer is arranged to form a radiation sensitive surface. 2. The detector of
claim 1, wherein the dopant and diffusion layers comprise a dopant material and wherein the
doping profile is arranged to provide p-type conduction and the dopant material is an acceptor
material. 3. The detector of claim 2, wherein the acceptor material comprises boron, gallium,
aluminum, or indium. 4. The detector of claim 1, wherein the dopant and diffusion layers

comprish AlissaatvaappigationsRBcHs RS ISR srovaies S 'R i PrEE L% -type
o o e s
G C G T
competed exjpasing inahexaeplearnrackdatubbthet typiceilly dppliesa ddysaiofi il@sighterein the
S RSG5 U ARAT SRS b kpeeas e

tool. Where applicable, the disclosure herein may be applied to such and other

substrate processing tools. Further, the substrate may be processed more than

once, for example in order to create a multi-layer {C, so that the term substrate used

herein may also refer to a substrate that already contains multiple processed layers.

[0071] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be
appreciated that the invention may be used in other applications, for example imprint
lithography, and where the context allows, is not limited to optical lithography. In
imprint fithography a topography in a patterning device defines the paﬁem created
on a substrate. The topography of the patterning device may be pressed into a layer
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 pattem 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 terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (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 “Iens"’, where the context allows, may refer {o any one or
combination of various types of optical components, including refractive, reflective,
magnetic, electromagnetic and electrostatic optical components.
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9. The detector of claim 6, wherein the dopant layer has a thickness of about 1-20 nm. 10. The
detector of claim 1, wherein the substrate comprises an epitaxial layer of crystalline silicon, and
wherein the diffusion layer has been provided on a surface of the epitaxial layer. 11. The
detector of claim 1, wherein the first electrode partly covers the dopant layer. 12. The detector
of claim 11, wherein the first electrode is configured as a conductive grid. 13. The detector of

- claim 1, wherqigoths st i eeareeAsBEIRSAO DEtRE Mesatinetelilie esardesaribedrising

alumin.um, titapium nitride, titaniym, gold, nickel, or chrome. 14. The detector, laim 1,
Wherein%%vgugﬂﬁg@ﬁﬁm&f”@é?ﬁghéi Sg‘é’ggeﬂansﬁﬁg g pr)ap%t'sclﬁgjt%ttﬁm%sgttﬁﬁf‘rr?a%e; and
whereindissbedn & el extioghéeistive imesttohtndydtalecthedfeumfat 8. cAMpRiRs BEAGEBT of claim 1,
further ¢ ISing. t %ﬁgﬁ oelOsINIcTeRily | AWLMo, he first
regions&ﬁ%@e ioﬁ%d?/%r@gétﬁg opant g@éﬁ%ﬁ?\%&%@%ﬁ%@ﬁst electrode, gnd the second

regions Wethgd egidisslosast abouea) o & daig starmgeverdivmils- g pPSIBIGRRAUEISF M Wiective
layer bersﬁﬁtigrf;i@ﬁég)k"(f‘diiéﬁlmﬁ% FRAUROsIh RecBiRpsterastdythe stsiad rdif. The detector of
y W

claim 1 erein the second regions have a c.umulatg/? sgjrf, ce area of apout 10-25 mm?2.
[0075] The descriptions above are intended to be illustrative, not limiting.

Thus, it will be apparent to one skilled in the art that modifications may be made to
the invention as described without departing from the scope of the claims set out

below.
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17. The detector of claim 1, wherein the radiation sensitive surface is sensitive to radiation
wavelengths from approximately 10 nm to approximately 200 nm. 18. The detector of claim 1,
wherein the radiation sensitive surface is sensitive to radiation of charged particles. 19. The
detector of claim 18, wherein the charged p&iltidell &re electrons with an energy between
around 200 eV and around 40 keV. 20. The detector of claim 1, wherein the substrate
compiises aitiedscspstinigrisaig:A lithographic apparatus, comprising: an illumination system
configured to produce a beam of radiation; a support device configured to support a patterning
device that is co_nfi%ureg é({)r ;ﬂ"é‘them the bea?ja gef,radiation; a projection system configured to

project the patternedsryeam Onito n SibatPAte Snd

a dopant layer; and

— a diffusion layer in contact with the surface oé tbubstrate and the dopant
layer, wherein a doping profile, which is repres¢ine of doping
concentration of the diffusion layer, increasesifrihe surface of the substrate

to the dopant layer;

— afirst electrode connected to the dopant layet; an
— asecond electrode connected to the substrate;

— wherein the diffusion layer is arranged to fornadiation sensitive surface.

2. The detector of claim 1, wherein the dopant antusiibn layers comprise a dopant
material and wherein the doping profile is arrang@grovide p-type conduction and the

dopant material is an acceptor material.

3. The detector of claim 2, wherein the acceptatemial comprisedoron, gallium,

aluminum, or indium.

4, The detector of claim 1, wherein the dopant difidision layers comprise a dopant
material and wherein the doping profile is arrang@dgrovide n-type conduction and the

dopant material is a donor material.

5. The detector of claim 4, wherein the donor makeomprises phosphorus, arsenic, or
antimony.
6. The detector of claim 2, wherein the dopantiaye layer of Boron and the diffusion

dopant layer is a layer of a Bx&i compound, x having a value between zero and one.
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a detector comprising: a substrate having a surface; a dopant layer; a diffusion layer in
contact with the surface of the substrate and the dopant layer, wherein a doping profile, which is
representative of a doping concentration of the diffusion layer, increases from the surface of the

substrate to theeddgigetoayéiclaimirét wbeteiddhs difbsiares fas adpigknageobaoat dedBrivm.

electrode connected to the substrate; wherein the diffusion layer is arranged to form a radiation
sensive surfage deR&dnehedioBiREIGIn the secontlisiion layer has a thickness of about
10-1000 nm.

9. The detector of claim 6, wherein the dopangitdas a thickness of about 1-20 nm.

10. The detector of claim 1, wherein the subst@ieprises an epitaxial layer of
crystalline silicon, and wherein the diffusion laygas been provided on a surface of the

epitaxial layer.

11. The detector of claim 1, wherein the firstalede partly covers the dopant layer.

12.  The detector of claim 11, wherein the firstcalede is configured as a conductive

grid.

13. The detector of claim 1, wherein the firstcelede comprises one or more metallic

materials comprising alumin.um, titanium nitridiégium, gold, nickel, or chrome.

14. The detector of claim 1, wherein the substfatther comprises a second surface
opposite to the first surface; and wherein the séoslectrode is connected to the second

surface.

15.  The detector of claim 1, further comprising:

— adetector surface comprising first regions an@seécegions, the first regions
being regions where the dopant layer is connedaietid first electrode, and
the second regions being regions where the dopger lis covered with a
protective layer, the protective layer being counfegl to pass radiation to be

measured by the detector.

16. The detector of claim 15, wherein the secaglons have a cumulative surface area
of about 10-25 mm2.

17. The detector of claim 1, wherein the radiatEensitive surface is sensitive to

radiation wavelengths from approximately 10 nmppraximately 200 nm.
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depositing a layer of dopant material on top of a surface of a substrate, such that in the
substrate a diffusion layer is formed and so that the dopant layer is arranged to form a radiation
sensitive surface, and such that a doping profile, which is representative of a doping
concentration of the diffusion layer, increases from the surface of the substrate to the dopant
layer;J@artly diheroetdotodopiactdayelwithhefest chetactdiaimpnsinga unfaetisg seatstiad to
such tg@t f'{rst repi%ns an se%fnd regions are formed, such that the dopant layer remains

[ARIRS Al R

expos € Sécond regions; covering the dopant layer with the first contact
material in the first regions; and depositing a second contact comprising a conducting material

at a sggond Juitagetsictd obthgkhIBatRhetdinl ifereptpedit laiar e 2| ddfHoas CRMPERIRGIERINT
a metallic material for at least one of the first contact and the second contact. 24. The method

of claRF YL LRIV HEPYAAL &6¥ant layer with a first contact layer, the method

further comprises: covering the dopant layer in the second regions with a protective layer

configysed torpasadhie.fadinign o DemeRsH e Spiagjsiasdeaian 2anTngdetector of

claim 1, wherein the diffusion layer comprises a monocrystalline sublayer in contact with the
surfa%e of th%@ bstrate and a non-monocrystalline sub-layer in contact with the dopant layer.
c

26. T F}'dete %‘?M'&%%’P%%H%h%% [4t108 sensitive surface is sensitive to electron.

— an illumination system configured to produce a be&madiation;

— asupport device configured to support a patterdagce that is configured to

pattern the beam of radiation;

— a projection system configured to project thegrattd beam onto a substrate
and

— adetector comprising:
* asubstrate having a surface;
* adopant layer;

» adiffusion layer in contact with the surface of gubstrate and
the dopant layer, wherein a doping profile, which i
representative of a doping concentration of th&ushbn layer,

increases from the surface of the substrate tddpeant layer;

» afirst electrode connected to the dopant layat; an
e asecond electrode connected to the substrate;

» wherein the diffusion layer is arranged to form aaliation

sensitive surface.
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27. The detector of claim 1, wherein the radiation surface is sensitive for all types of
electromagnetic radiation and particle beams. 28. The detector of claim 18, wherein the
radiation sensitive surface is sensitive for radiation for low energy charged particles. 29. The
detect®- of claimethategemprisiiapant layer is an amorphous layer and wherein the diffusion
layer is a crystalline layer.

— depositing a layer of dopant material on top oludage of a substrate, such
that in the substrate a diffusion layer is formed ao that the dopant layer is
arranged to form a radiation sensitive surface, suah that a doping profile,
which is representative of a doping concentratidnthe diffusion layer,

increases from the surface of the substrate tddpeant layer;

— partly covering the dopant layer with a first cattaomprising a conducting
material, such that first regions and second regeme formed, such that the

dopant layer remains exposable to the radiatidghersecond regions;

— covering the dopant layer with the first contacttenal in the first regions;

and

— depositing a second contact comprising a conduatiagerial at a second
surface side of the substrate.

23. The method of claim 22, further comprisingngsa metallic material for at least one

of the first contact and the second contact.

24. The method of claim 22, wherein after parthyering the dopant layer with a first

contact layer, the method further comprises:

— covering the dopant layer in the second regiond veit protective layer

configured to pass the radiation to be measurdtidyadiation detector.

25. The detector of claim 1, wherein the diffusi@yer comprises a monocrystalline
sublayer in contact with the surface of the sulstead a non-monocrystalline sub-layer in

contact with the dopant layer.

26. The detector of claim 1, wherein the radiateensitive surface is sensitive to

electron.
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27.  The detector of claim 1, wherein the radiatsamface is sensitive for all types of

electromagnetic radiation and particle beams.

28. The detector of claim 18, wherein the radratgensitive surface is sensitive for

radiation for low energy charged particles.

29. The detector of claim 1, wherein the dopapedas an amorphous layer and wherein

the diffusion layer is a crystalline layer.
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