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thi's posté béanm bey if thenlatich figurel datbotaes Prreanil [Dhaprp eirigerhatifesalaentipns of the gatgctpraityd can
no | ongeand@nt i Figt §dhe) siangs figm e sisteciers Bizcand Bes gopBY Wii:at i ngs 45 [err] and
'[err] because the first passage through these gratings would also give
rise $o Bhef T easiatitorf orMlers, so that after diffraction by the substrate

grat i ngsSeeT ©9%#a" T2 and further diffraction caused by the secondpassage "

‘through the mask gratings so many different diffraction orders woul- occur
“that the8&"tBBPF Mot | onger be det ect ed separately, For -this reason the _
" beans 4err] and [err]] enter the imaging s stemvra amrror MR as is
shown™in Fig. 7a. This Figure only | Lugt®aXes how t he beam[err] enters
The beam[err] which 50 is situate bePgre or behind the pl-ane of . the
~drawing of Fig. 7a enters via the same mrrdr. MR As is .shown in Firg.” “7b,

the beam[err] traverses the projection-Ilens system[err] and 't he chi.ef. rayi -

of this beamis perpendicularly inci dent on the substrate-.grating {err]:

. The beamreflected by this grating is épllt into a zero-order.:sub-beam
[err](0) and two first-order sub-beams [err] (+ 1) and [err] (-1). The
~beans of higher diffraction orders may be ignored because their intensity
|s | ow, or they faII Iargely outsrde the puprl of the 55 prol ectron | ens

oy Y S ey



.EP 0 247 665 Bl nmay occur that the plane in which this gratrng IS |maged N
does not coincide with the plane ofthe nask grating: then a focussi ng error".';__":-'
~AZ occurs. O the |arge nunber EBf0 2471865&1ns pr oduced during passage through......0
the mask grating [err]only four sub-beans are enpl oyed whi'ch are incident.
i'n pairs on one of the detectors [err] and[err] As is shown in Fig.:8, |,t___,_-__-
~i's posHehesetgmafissp eesyiof tederustp cuRlit ANYri I ters or a 5 -suitabie
arrangenent of the detectors that the detector [err] i's hit by, for”
.exanpl e, the sub-beans [ 1r.] (;i aoé)) amd[ er A1 20, 321) and .the detector
[err] by the sub-beans | rr] and [&r] (0,-1). Wen a_ focussr ng
_.errorferr] occurs there wll be phase difference [err] between the-
-Sub- be 1) or[err] (-1) as a result:of: the _;_ Lol
- di ffergﬁ?g{“ﬁén&]ﬂﬁéetg%g&rgga ﬁ‘%@%rﬁ‘ingt hs traversed by these beans -bet ween the
‘gratings [err] and [err]. In the case of a pathlength differencee AWthis .
‘phasg difference is: 10 [err] It followy fromFig. 8 that 15 [err] For
small angles [err] the foll ow n@lrap%I?eg—ZD - -
[err] In the case of a periodic displacelent of the |rraged gratrng in- the
X-direction the signals fromthe detectors are noreover nodulated wi:th a
time fretuendandés {tisalgldierr] 30 where [err] is the velocity: in the-
X-digection -and [err] is-the grating period of the imge grating [err]
“magni fication error produces. an additignal phase difference between. the

~signals fromthe detectors [err] gnd ]. 40 "The a.c. srgnals o :
supplied by the detectors [err] and [émg] may be represented as [err] [err]
45 Fig. 8 relates to the image of the gratlng[err] formed on the

_gr“atz_?n [eor"re]sil enQ%at he beam [err]. It will be evident that a sinilar Figure =~
Pk ‘6? g ging of the grating W& onto the grating R& by .neans of
‘the beam[err]. If the latter figure detectors [err] and [err] are. arranged..;-..'-

"at- the locations of the detec?tosts D,o _[er7¥| in Fig. 8, the. slgnalsfrom
the getectors [err] and [err] corrpl 2t [err] [err] In this-: L e
expression [err] [err] EP 0 247 665 Bl The phase term[err] -as a‘result’

~.of 'the focussing error is given by [err] 5 The grating drffractron angl e .'

[ er r] congdepthsof obusly ol@-elprojectroi\renssy&ahlPLamgleemﬂ[ err]this angle is RG, 20 and
consequently, 25 RG :
The sdept h of focus s of the proj ectionlgns system PL con1|es vvrth 30 35 S
.where NA s the nunerical apertuge-o I__L?n_e_l_ens system or [err] cf,_ Frg -

7b. If the angles [err] are snal and,erN[_\ rr] St :

: _1\4‘35 whers NA is the numerical aperture of the lens system o’ sing, cf. F|g 7b. If the angles :8 are small and if a
- = C.8, where C is a constant smaller than 1, this yields S

SJ c?
O P
hence

5 F=%C

A focussing error equal to one time the depth of focus s results in a phase different 2yF = 2 rad
between the signals Sho and Sl and. betwesn the signals Shz and Shs if G- = 1. This. -means..t thati' :
focussing errors smaller than the depth of focus of the projection-lens. system can be detected. :

50 Since the signals Sho and Sly1 differ only from one another with respect to the phase term vF a phase
comparison of these signals in a phase comparator circuit enables the magmtude and the’ drrection of a
focussing error to be detected. :

The phase term yM is determined by the magnification ervor. If AX is the distance, whlch depends on .
the magpnification error, between the actual position qQ: and the desired position- q in the plane of the mask of_.. o

55 the image of a point p on the substrats, the phase drfference 2 yM between the sugna|s Shpo,, and S|12 or.
- between the signals Sij1 and Shs is equal to:

12



~ [err], where Cis a constant smaller than 1, this: yields hence 45 [err] A * °

focussing error equal to one tine the depth: of focus s results.in a:phase -
different [err] = 2 rad between EM@247 @8&Bt[err]and [err] and betvveen t he _
signals[err] and [err]q if C= 1. This neans that focussing errors smaller .
than the depth of focus of the projection-1ens systemcan.be: detected. 50 -
Since the signals [err] and [Q”]Xﬂ' Ef gr  gpl rom one anot her Wth
respect to the phase termf[err] a phase conpafrgon of these signals in a
phase conparator circuit enables the magnltude and .t he ‘di- rectlon of - a

-focussrn err or la é]e > a&é% izabeg Yﬂ[ﬁhgs] id &h e g%,t,he
the erio S i 1f .5 le ahd it shou

n’agnl %&sg‘gle de ct aC% éreﬁu%% Sor s cPe en?‘% [ﬁ.

magni f i cation

g in the plane of the rrask of 55 the i mage of a p0| nt .p on the substrate, “:-

t he phase difference[er ]be ghﬁ gi.§nal g [enn] rggd [err] or between.the .

srgna,l,,s [err] and [err] uaI 1220 EP 317 5 Bl RG5 where PRG:

is the period of the nask gratl ngs. If a X of 0.5[err] is permssible and -

i f [ err JwhieR Qorfeepdnlis tot 1/3t6fLthdl péried [0b #®i dighals 1SHe dadt Bkd, which pesentind preblemche

bet ween nabsificelitinesrbiocan e gletattsd by pieSs comparison of the signals Sho and Bler or] thenpignals Shi -

cor r espandisli & io a phdde-cohpatakee cippeit.i od of the signals [err] -and[err], which.

presemt s nfdigplaspinentof hinen grrrer Feeactionrpverra dvtence AZ igivetdrede o SisPipRPmEpt .l the

.conpar i gtingimagesdn B9 Krekecio rr] and [err] or the signals [err] .and {err]"

a phase-c rrparator circuit. A di spl acement of the mask.in the.

Z- di r ect®of BPAZa di stance [err] gi ves rrse to a displ acerrent of the

grating i m es | n he X d el t| 0 errl] optgg g [e%rgd An thrch -
20 sSr s ;é gen { e ? E _
EaregLr/]Z Iés'&r 'Sfa"°§ %ent '%en Fh’ ! r&' ﬁ? & e u | Pane of the -

mask, see Fig. 7b, this yields: 25 In the case of a d| stance [err] 65 Mm .
and [er_r] is 384 mm a displ ace{Ent [_e r] =1 [err] results.in a dlspI acenent
-of 0.%7[err] of the inmaged gra

e act uaI posi tlon and t he- desr red p05| ti on -

fgs =1 &t he ns® plane. In view of - ‘the large - °

depth of focus 30 [err] [err] 35 of the projection lens system for: exanpl e
200[err] for an NA = 0.32 and X = 0.4[err], such a focussing error i:s . . ...

negl i gi i éhe dase bhialiskineg act< 65 ey atdccm tsh334rmrgm fismambmen AZs =ntune restlistip @al -
t han t helisptacanmst ot §.17um oft theeimbgadaatingsdn the mask pigve. Unelv Qfl'lli@tlargm@epthaéfoc'@r at| ngs
have @ grating period equal to 1/Mtimes the grating period of the -

substrate gratings. The mask gratings al so have a period" ‘whi'ch i:s twi: ce-:---"--'-'

as large, 40 i.e. a period equal Yg. & s ‘the period of -the ‘substrate
gratings. The detector [err] or [err] anAtzhen arranged in such a. vvay that
it _js hit by the sub-beans [err] and [err] and the sub- beans. [err] +1)

and [&r] res ectrvel T e adv e, of hat ecolrltdI ug]" or

sub- bea §P'$ﬂ(§ %‘roeézw n s l?e:ﬁfi: ,thg m%@rﬁﬁrf 2& fb gf:& s 3§% rPe{ﬂ

g{ ?;[ ngg 8&{ ﬁ\.% gm ‘H) he %mg(o ratﬁt Ve d titi) ﬂwlan&s%ﬁ@t e
N f e MI& l S,

grati pgs;eCq emﬂ Aqg s t m p'éﬁod"\bftt a?@[]@ﬂr@!i 0Bk didBo8,3 or R (l ist théh -

fi%st -or gk ealtb%ﬁ@wa%tthét AGis h@ﬁﬁtﬁe%nb-eéanrsfb?(ﬂﬁt)%a ®F (8,+ 1 Datth® ¥RF-BediS biTay
give ri S€+1i)0ara 153 0)- 9 espaLivbIpr THeOdtivantagh BE thikeis QRdt @6coRd-graét| sub-béantst vtk ody by a
peri odi coroauesiBythe Mhskidifing st width ©f 06 glatiry SRS lst théve gtatings isnmt equat to that offthd-he
det ect orinin@aiak Stip§ or @histOmBEbOrbdiceal Dipsultsdf Beforsrationd elthese \ghatiags.car w longer

pol ar ks edleipryie itk Lx-ader \sult-teamaankl tet fingtordansibbeaas st the locationl of ke detscterh Sughase
bet ween ovailaps mengies riskticiaiblightidistertion pf theedetdcfopgignaly: at t he detector side, |i.e.
50 in theindetcdtiyonpdsiodia olevement ¢ftthe; sybstigls) as dhe rgpsk dhe ‘imegmmb'!f"'qns"fa"e‘pq%‘im(n ew
and Fi g. 9dnalg cen gleo he ehpiesd by using jsulebegpe r‘"ﬁ‘t«‘é‘ A RRjadsed ﬂ]dicg'é'd’ @d’ﬁc'b

These Fi geans &r giofyiating ﬂ‘P@hﬂsﬁlbgtweeﬂaﬁa'Sﬁﬂa"PoMBﬁ'ﬂ W'ﬂayt Sidey hgp

arr ang@d'"lt%#wt;"a'lgﬁrs&egé Q}?ﬁe@%té%eﬁét%@% ‘FH%‘@ Bé’l"?’éﬁ‘ﬂégg d:ﬁp t he
mask gr aPRoFRYRI Yy i

used. Th#® 6[{@]9%3 1'90;’? @f"a‘Pﬁ Paf &g ‘3‘ t@ ‘f';’é\@“?agfﬂ%S 'Eg‘ mf""é‘ gﬁ%‘%?

gti-pihe ragjatiop,

her
| l lustr aﬁgq'helg?peratlon of the devic employmg po arlzed ‘beams is best illustrated by means of. Frg 10 whlch. .
56 shows an imaged substrate grating WG'; and the associated mask grating RGs, as well as. the stib-bsams -
formed by these gratings. The sub-beams b1{0), bi(+1) and by (-1) originating from the substrate gratlng_. _

are linearly polarised beams whose direction. of polarisation, indicated by the arrow 30, is situated in the - S

plane of the drawing. A M2 plate HWP is arranged in the path. of the zero-order beam b1 (0) tp rotate the -
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55 shows an inmaged substrate grating [err]and the associ. at ed mask grati: ng

[err] as well as the sub-beams fornmed by these gratings. The siib-beans bi - L

- Terr] and [err] originating fIiEPMn247666WIstrate grating are I|nearly
~pol ari sed beans whose direction of polari satlon i ndi cated by the arrow 30_
IS situated in the plane of the draw n ecp%: pat HWP.i s ran ed|n

_the pafictio of Pﬂl,a"?ét”b°fd’r“ﬁ8?a"b'é22hq 90y fin th 31 wehk 665
o ST Wﬁ 3 0%" @gbéﬁi B |
indica
__ldrawrn ﬁma nalalrOSItI be ms are Z:I;ls f‘sﬁj’zé h%rﬁéc §gﬂﬁ 0 -
0 C
with t ifWFL ahd Cﬁfa@ﬂ&li 9’hlrigarrow 3 and E?m e 1§%hth9n tagach palr o
“of sub w@ég w@-ﬁr@s inak hﬁg&@@ﬁn@ﬂﬂhﬁg’ ity BsePaNoRs StbHalat anglesTof | S
d

‘Bl di r%eaer'd?rb&r t})taf ar”? S
qﬁﬁ,of the
v L
_ 1) areI
plate 145 a6 KRN df theldr i Thél 49&% QIVPR.convblits2(6 Hadm BAS10) Md'a i S to

be LU EiroufryTBoksddsbamt A€ tDba K3(0| S1) Gfto b Rbinep BORIseXxraunels patbrisen angl e

of +[ epdaln, 8§ is[ikidated 109 thel@rodt BEakd FIIThoOL/4 PatectWEApdriorms Ib sumd fiibtion Forcthe
di r ect beams bf1,0) Bl 19 {0i-1)CAiX eslitp the ttimesupbeatne &1 ( [+ @0y gnd &1(0] +[1pand fthezsulebéamdibolat ed by
t he ar 1,0veBd & (1) phacticaily feigeide] BieseFiwe opriositely ackeulagy pelarispd $ubibeams frexenedingatins ar e

| shown paterigdviesubibaane whdse taaimutir anwolerdpationris delermined by fthesrhaser diffoypnceshateaeq these angl es - i

r bqamarRpfqrecthe fingedy pdirdsqs| sibreanys reasks their sapastive deteelors Brq d;ﬂt athev 1’%’?’?; :
conver@ﬁOleflﬁ@'%e%ﬁMs reN yhih rdateg withangngplay pelocty Bl herplaycapsing r3jealsty seq- o
beam abritirper@odyisier '@g%? fop gt e analyses it indicaad by g %’8"@4’r"€'{?f‘§ﬁ t§7° oA PLY peam .
as i s PYihe eRwed By sio f&t”rﬁ%et%"?’sa'ﬂﬁy@gbeﬁ?ée[s@rt‘?d] Yolate [err] . perforns the =
-sanme f nctlo for th eans bi (-1,0) and [err] (0,-1). As‘in reaI|ty the
tmo2%u§:b"e (F 6_] gﬂ10) and [err] (O, +1) and the. sub-beans [err] (-
150y and' [&FF 1
polari g dro%rhe@rs mb@d dHRYFatihd WERFomied Ul 1Y 4R RELIBy AEATLMREBAMA | itl-h o
~polari Eésittv%ns trat mgﬁl ;%%qutb%eﬁhﬁﬁ@of dbafrrarwez SHESthé BRARRBSBYS.
Bef Qf e mbkig of thb8ednt b;. RGH @6 tasnﬁlanwba b@aaaetéaas b..tdn@iDis &8 SiPMGSd at Shedeaimé OF S

ractically coincide, these two opposi tely: crrcularly“'5“

[err] amsl @idclorsithsand D Gk FgS ), the Bighaly flomthe MSt-nnEdnys @dtectdls colplg With:ot at es wi t h - f .

an angul ar velocity [err], thereby causing the detector signals to be
ti me- meplukado®(dT +THR- yMR)at i on of t he anal yser is indicated by the: arrow 34,
whi ch Bas =tdeg(QTape- ¢MRecti on as the arrow 32. The signal's fromthe.

deteetors may now be represented by: 20 [err] [err] Fig. 10 rel ates to the
i mage Ufthis prpragsient forthe fatqctoy signglsmed on the grating [err] by nmeans'.of: the beam_'__'-"'_j_,_-'

Jerr] . It will be obvious that a similar Figure appllestothe|nage of
.the grating W& formed on t ,gratl g ed¥ Jxby 25 neans of the beam[err]
IR _in the last-nentioned Fidur Ede'tecte;rs'lerr? and [err] are. arranged at

t-he ¥ocations of the detectors [err] and [err] in Fig. 10, the -signals fromr-'---‘--;-'-g'-'-:-

the fi rst t| oned det ect oresUI S [ ibhenl Sl cIeQ
expr es%o gagnai 5,?? ‘fg\ﬂﬁdmh Z MCh : 54311&' sgbs'l:f@r ence

xa
as a T can agal n et ect ed- by
phaSE ?hSt fre e?'ﬁ\ {fltélllIi fyo'?;%grggiﬁ nt:lle 5&! e&%%bﬂe‘én ﬁtﬁrdciual%gtu{ned' l'ahd td"fdsigBi ch
e

p@dltlomq r&@-’fh@ findd¥ o DI ® ok A6 sSbidtiid Graing oh the Infask gxing RGHIThE prias®Bmi gMat i ve
t 0 the igda®deB &f b GifmiliraiB&iatdl AKLathelbbation bhthe PRAGBHERGC, £Sa desiktioh iniay be.cetieati Hyyana
‘devi at iaRjamprtrefrbr 4Gl MER Yratifg retatielia lthepmsdclated Buljseste bradrigchr i@ rogsificatioh @wsi ti on
g of tTee magnijieation ereor pan ket deféciefl by bampadigsbe phiass tgwmeiM, hgittothe piimee toas kM,2: The

gr at4sngagmifichtion Bner gnd®elimipaind by piphing themegntiiciipn-erros isigndl shus gblainest fogrsepverr] at - ..

the | ocestenphy gwartstut whichtherrgask sar be mgedddn dhevaxiat diptionegiatiye to ey PEipcinp. e
al i gnmsvteneandaelatiye toghentubstratgr at i ng rel ati ve to t he assocr ated substrate
grating oiftehipe magnifigation istrerthag beas efimipatedrand hareg MY ©aM-ori M40 e a'eane'lse'mf
det ect &an ba/detestvg &Y corgparipgthp Maluseof i Oyt é‘r’P‘]""’Vﬁet"ﬁ'“‘l’ B'c ﬁa%’ é" theThe 45
magnief |§te};a%°ﬂdtﬁ ﬂer#"a'rseéégk EF‘%Z eg'rgﬂfgg?ﬁét'@ 2 w ;%? :# Srror
srgnal be
t° °5| a%g ;5'@19?*(% LA |?7ré"' é’"?f%%’] %eéife"d'hmﬂrens

nmoved i) SYS em and

.re le! ?r; i P& Ba‘%ﬁ' ?#sr gf statin "Eﬁéns rr?r? %ﬁfﬁ 1S e’ rEgduQ oPﬁ\g%e
det ecst i a,g AN W lﬁ%& é\le dﬁz?db? en%%ﬁ?um%a

for ex Wtytt e is tfdUsé bid zdda r 24 \@sHed in artl Diblb&bHeRN
error ﬁ&n i‘ |m§‘ g&?féroﬁ‘i@tét"rilg "BriBs’ %&ﬁkﬁl%ﬁe\k'ﬂv&lr@ No. 60, p&yes heves. .
relative to the mask. When two-di mensional gratings are used ‘and addrtlonal

detectors it is also possible to det1e40t and elimnate an alignnment error in
the Y-direction perpendicular to andin the sane pI ane as the X—d| rectlon



iinstead of by neans of a rotating polariser in the detection branch: the -
ti-me. nodul ation of the detector 55 signals is preferably: ef fected" by -
“utilising inconming beans [err] .cERIO[4T 885 Bhi ch conprise two conmponent’s . .l
whi ch are pol arised perpendicularly relative to each. ot her ‘and Whl ch have

~different frequencies or tine-varying phases. A fi rst possi bi lI'i‘t® :
achi eve' Spah ¢ fpser pduess aabazéle?PHrE"?"}Ss'é'P opROsitRlys Sifcylprly pojerised heam compqnants: ha‘""g-
"Di spl adEpen ’aﬁ’fﬁ'&‘é J(P‘é*ﬁﬁ‘fﬁs ‘Wl 't‘ - nytha de °Fﬂ°%rhfa§ 'bﬁé’f’%trf"eqi’eﬁcy Pﬁl Tigpsez's

Techni c&° mggnijude o, 5% 66 Y i
Such a I as:é@iﬁ fid e";:go;@ﬁ(‘ E?rﬁgs fs é:ﬁéagrgfhgt% &:mJ:ESET{) SE: :ﬁ'&) arl sed’"'
beam ng i O e SN T o

the det gGhldy ﬁhs n; ﬂ\U‘@Q&yb fh& arows :ﬁrJn]i 3'I Sther ﬂé,ﬁ.gp 8.-5?.

depends gk ﬁn W& d!l 30 s Qad’igi@rﬂrﬁ'qﬂgvcy | Shd tHelbeaM WoMpdnait h‘éﬁr‘d tﬁé’&irechon
di.r ect | QN goiisatidR 3 Ihbs & ddRllontdudnt,£ 41 OR) Hofkh 6F thé Béto-Srdbt- s%saaarn BiGoCURbRE
"Wt hyS Hvrphe aPrbied, vhith Qtal Bides thel difS@i6ns] o pblhrisatioll of 1he beEs konthomdnts tirolighrank . S
Each of réidive Sd/ihoddestnthe E@iokhondig Eipodents-id ihoastig-bbadisr B (+ 1) (ahid bs (% STherdDrel ThoM t he_
subst r atgRedyéridtor pelaris@ion bf, thé\BsamSdampshents O reiiericied«Dand e oDNPSUddRSrSs v+ 1)g o
nut ual | ynesipanskietsd dor ddiottios tafeomtated fihrguoh 0 1 eitiveon thei didétionst af olerjsatidnet ther ows .
30 and 3drresidneing eampocantsrd the stb-eams b +1.Bandbrid®.i on of pol ari sation 30 has a. -
radijatsi on 1 osigue ipnaple| the different directipns bfemhﬂs@mw he pratialiy sepagted eladnationcanalyarspf |
pol ar i ‘s anayda usptl which ap sitegirdde wermutyel e‘ge '“O'an‘“t“l‘?@ Hendirestionsippthe °P"° SR
zer o- or diS OiPsPHEHP NS "%"'(9}‘3 of pojatiza é“ﬁ "%‘PfP'éW R 's\ﬂf

plare.r geaeicocpinig glep 'Bmucafas '*‘5% %%"%P"ﬁ"ﬁeo'b Eb et OughT“'
[ Lt % subgnea 3 onent having . ;

err] r ar
~ sub- b¥ar¥ %’ 'r e(ngﬁ m:.i s “

: 1 ation ..

ofyhe ﬁfg agh "s Jfé'f"%n&bz e mﬁ%.fé eams .

lerr] ¢ 186h 6 b piin APk rasht ﬂﬁs a&aaa@oaraarna; B tholalb0ugh .
[err] é% ﬁ)qma 56(3;;, 519{@33 inciightar | sat I on of the corresponding

corrpogsent Sin®g. o %HQésbﬁmh 8 slid-bdaths Bro rbiieaiBll b 86 Wolidstoh pR3ms ahG the. foduEsrr@r der -
to enablgot Mard Ishdwalte B orfllirge@GhAIOBLS inbalifyQtheds bitits INZIard MudhemaNi tFotthé Inage of
separ at agb substta®l grating W) ol Y6 o naskraiig RE: &Y ridan<Cdl R damibi acHigheb similat: WO
mut ual | yFighet pspiell U dblecoDz$,iDa6) Dy dnd Dakiagain Holng akingertdt itericcativhs bitthe dstecios axes L
corr espansl .9, D:hend D ioliFigett. irothe dedcopbdvarrin Sigt 110the eub-telres Bigb1.ban@,.+1) and
Howevar , ther bopabbiy-115ih bh (9~ trardie aled bpesiedh for detedtioninsiead af the piorgmentionrdisulsbeame ) as . ..,
pol ar i sdn the samewnayraa in theydqyic shewn by Figas pndstOon prisns. In Fig. 11 these . .. .
Vol | ast on fhe tinelepragent pyieut pignalsfomcee dptptiorsRee D4 Peaind Pes m%)h'?f PR PE axes -
of these pr I sns bear t he 20 nunerals 41 and 42. These prisns.split- each of

t e sub-3%e °P "HNB” aBMdéam conponent s having nutual | per pendi eul ar-
di recfsi t” ~In the present enbodi nent four det ectors [err]
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