;{| e3ej Pg. 6TPEL, 12 JAN 2004 Appar atus and Method for | nage Enh&@ﬁgﬂﬁnﬂm he
invention relates to an apparatus and nethod for imge enhance o}
exanple in infrared (I R) and photoem ssion m croscopes. 5 A typical

i nfrared/ phot oem ssion m croscope is shown schematically in Fig. 1 and
conprises a sanple stage 10, -a sanple 12 ko be i mged, an objective lens 14
and a focal plane array 16 on which the inage of the sanple is forned.

Focal plane arrays are solggl a'i'ﬁﬁ;s%nﬁl%[%ﬁﬁrfér%@nﬁia’ﬁgexﬁ@ﬂ?ys of detecting
el ements typically up to 100 onds to a
single pixel. Variations in the performnmance of t hese elements relative to

h oth d bed det
el ow, In i of racan mieRedakElo bboBlotfis ATl JNRES PRt ey o

f ocused on thenhlﬁwéd@Raammdt@@tnMrcﬁll@ésteﬂes the i mage of the sanpl e
Phot oem ﬁl on mcroscopy is based on the phenonmenon that certain sanples,
such as i nt egrat ed circuits emt electromagnetic radiati on when exci ted
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w th inmages o% fro es such _as infrared aqr _photoem ssion

m croscopes i Lt%;l ! nﬁ]" g'ﬁg?%%%sé’gfheya@a léfWﬁdEQF%lé’iﬂné arrays
artefacts. Thesesolidistste flé?técwl@rcb RIBEisihe A AR alRasS Jl&ﬁ&ﬁﬁ%ph&ﬁwg% 1000 x
|rrperfec’f0 ons in the infrared focal plane array on

forned, for e8Pl Eashridhesg camcaponds tg@@mg&piaechang@omumeepbrﬁteman@ chCCD)
or |rrage|nte 10 25 xel wvar.datio

addi T on aber PatT oamepis R kach BBl K8 niapaiel o Bag e Bserithaa

aberrations camwrbéetadbslowt Harmfrﬂed dncfrbﬁszylthefiﬂiﬁu}td Elﬁﬁs@mfl@ﬁﬂﬂl the siifle\drsi bl e
part of the sgectr e | enses, are q;;:Eratl ng outside their optinum

or tested wav pﬁ&é BATTRY PP RERVidss thsrimage oE ygsemplean r educe t he
i mage qual ity pag@einis Icﬁ‘ﬁn&?o%@ B 1{3}?&@ ”” s due
to reflections frgm tShe back %@Ilgur E?ﬁgerﬁ ou &%P%g&gcgg El %‘{“Bﬁf Phe
back surtface. lntegl@'fedANCQ!@ﬂ)eﬂﬁh clerrimagetientiaticewhat exyet @\Vtﬁdﬁc&hr}ﬁsﬁbmdat

| east sonme of 0B, ncl ude e of aflat field im wi dely used
in astronony, aﬁﬁ]gag‘%tg&g prov &ﬁ?ﬁ%‘?%ﬁ#ﬁwple aAéfHB‘fVBé‘?‘&rﬁ’ﬁ?Q?et"géll‘iﬁﬁﬁl&és The
flat field i rrdmnbecﬂ:hﬂl}alp@tchﬁappﬁ@ﬁidn%eﬁﬂ‘%' or.at.e, Phieslis hﬁoﬁioi‘zﬁ!:d Tfﬂ%in m;) ons
ingainin a s%rrple i mage at the focal plane array. The flat fie I nege i s
obt ai ned usi n§F'tRE“Sane i magi ng device, to image a uniformgrey subject
which can be taken froma library of such subjects. The sanple image is

mul tiplied by the reciprocal of the flat 10 field i mage usi ng known

t echni q48s cancgbblengeiosts wutlhempges&ibtarmdlfﬁhm fiGodcpéswich AR FIfRGe VI ce.
Vari ous probl GHB exist with this t que. . The cﬁar acteristics of the
ppage §ﬁf

focal plane a TTHELOD ZPLGTOREQRSS [} aﬁftde%‘lcp reqeRi @miain updesiteblis such
that the flataftéfabd. THBQSES fHARRoMAkadofD" €5&R sgx?ﬁtrmkﬁlﬁla II‘RJFéi'? ct%%{)matth' ons.

In addition the other factors reducing I mage quality ove, are
not conpensat ddrargkfocakpline aswepnfwhioh fie gsagda fcamtd,Zlb; ex\dnnﬂals imbgieg devicest ed

i mage shown i i xel ons, the

i Il umi nation Ec]# the sang% %ﬁle&ﬁ% 1% {)C%I%)qué’&aag f:?“ﬁ! I6F BVing se s‘Bpéﬁ‘Félt%dge
def i ni t26n, apixsl ngidivamioaddiadd sherefiodshe tHeddBeOeHusé fRbidSs, eﬁiebmlgnagange
and the fact 20 that the image i s obtained through several hundred

m croneters ofP°SFp WOD%F%bber‘éWﬁ? Hhapere diffesent dwpm these foynd mﬂp vigible part of
techni que rel iRspeANGH %H‘eocﬂe %sf&%gﬁﬁerﬁ néﬁ?l&lfg% th Gk Hétrl Ar tesltl pshar p” i mage

fromthe sanple inage. a resu requenc corrponen s 25 of the
sanpl e i mage aflaéelﬂmtbwmgeu Rovhidlumisitian pf theageple The radosd thieimiapaigealitg ahlien

subtract ed frongﬁth ep%ol%vc? hIC |rra% r enovi ng the | ow frequency
conponent s and’ NENEE TR SUIHE2gE L Roorgartastidus Wantisions QF’ethﬁ\'Pa'F]‘F abl e
to creaBé thesufRBand ol EIBcdTeatibbh Aklbakl sifeE) t he sanple image, for
exanpl e usi ng phot ographic




processing at the enlarging stage (rather than when the phoigngﬁh IS
taken) or inage 12 ,~A~ 2Q04 3 processing software as w | to
the skilled person and are set out in US Patent No. 5,001,573, to Sakanoto
et al. which is incorporated herein by reference. A problemwth the
unsharp mask technique is that the unsha2p image is sinply the original

i mge that has been defocused using a convolution function, limting the
anount of image information available and in particular neaning that there
is no correction of various of the factors |isted above such as pixel :
variation and Knveweimagk lenlmnoahémystdfs Addréssing @t 10hit 86the OF tHebEproBMegt i on to
mtigate probl.egs assl%?i gfqe? gi,th known i mage enhancenent techni ques.
According to LIRS IERE At tield images widely hesd an askronpmar and use ghan ifensherd as set
out in the apperRed gHoadgiphiclectaiprdi ments of the invention will now be
descri bed, by way of exanple with reference to the draw ngs of which: Fig.

| is a schematic view showi ng an infrared/ photoem ssion m croscope of known

20 t ; Fig. : | e i t i | . pl ] f

i or acope: “Fige 5840 heB P Ral e a5ty el FoRirelf Sufl i Rppain o
techni que; Fi gsa@ple intagesat tha fovdl plafe drfUThe magﬁewhﬁﬁg'beﬂi@@béﬁﬁa&ﬁin@%é o the
present invention, Fi.g. 3h shows an enhanced i nage obtai ned according to

the present i AYBRIPIHNE dovigs, fp image paniforr prssraubject whish o be takerrfosnape
according to f{; e AMENL 00 i i S.a-Iurt her enbodi t ,of the
ni cr oscope ac}:ﬂcafr%ézlp ﬁgﬁﬁg Syhgyt%rzgé;%%np:f%g%aﬁté ?Sorrr%;alup%l%&%gleirgmgrofgjﬁ%‘? flat
enbodi mefit of figlddmage usisg ipevamechmidicsgaheelidpouptieead vhnment i9the ifagingdd i S
a further enb g\irimant of the mcroscope according to the present invention;
Fig. 4de is a ur'ttier enbodi ment of the m croscope according to the present
i nvention; ~ 2 J~~ 2004 4 Fig. 4f is a further enbodi nent of the

m croscope acgording to the present invention; and Fig. 5 shows backside

i magi ng i n moMariges probleniexistigith this tachnifiig UFleshbrakeristafsarf énclocalyimieal s

designate lik %&I . to.Figs. ,4a.,to 4f whjch sho cts of the
present i nventgﬁr%?lfnta?ﬁe i n(\?ﬁeEkﬁgﬁtegséﬁyvg'gvﬁlwhp‘?%ﬁ%ﬂfhé@f’%6}5 Pi‘%tg%? R38% he
known adfangedestt bspresehvidentieg] piReldtiattins! BEARitioRBEE oli¥; HRldrPRIGALIBLY

def ocusing the m croscope by a few mcroneters. The out 10 of focus~image

i s then subt r SR3&EAYRIDAS $ré 0Pt AbPYS @5 notggmpensatoht Ab nambe sashdrore Higsndge,
| eavi ng only LheRisGlRE e BHNERE NN t rticular.. the out of
focus image exhibi'ts all “the sane a%gg}r? r a§ ?’oﬁ%‘ jz?snc 9 eﬁ#&%@%ﬂ‘?Pﬂ’@é?m’
i ncl udi ng al | thgfpoch#lumination of the sample is not corrected. The poor contrast and edge
definition, arising from operation of the lens outside its optimum range and the fact

20 that the image is obtained through several hundred micrometers of silicon, also remain

uncorrected.

The “unsharp mask” technique relies on creation of an out-of-focus, blurred or
“unsharp” image from the sample image. As a result the high frequency components

25 of the sample image are removed in the unsharp image. The unsharp image is then
subtracted from the photographic image, removing the low frequency components and
hence improving sharpness. Various techniques are available to create the unsharp
image and subtract it from the sample image, for example using photographic

processing at the enlarging stage (rather than when the photograph is taken) or image



deficiencies listed above, and not just the defects of the fiﬁl | ane
array. Fig. 3a shows an out-of focus imge derived by this t Aﬁgugﬂﬂ‘%om
the sanple image of Fig. 15 2a. Accordingly subtraction of the out of focus
imge fromthe in focus image renoves all of the conmon aberrations
resulting in the high quality image with3 nproved contrast and edge
definition shown in Fig. 3b. Depending on how far out of focus it is, the
subtraction of ; LIRSS ] ' e, al so

di fferenti at es%3 r{)%gmg%%r%%miyrargggl%o sorre{og% geﬂrl:l?edéjr%gg\élhgf'?lgl%gsr?ﬁg'ﬁtég%?a%?t t he
edge 20 det ai INo.B.dxl78nto Sekamntoodt alimehickhie incbiperassdthendin b refages i s smal |,
i.e. towards the mninmumvalue for the appropriate lens. Differentiation is
desirable in that it enhances edge definition and inproves the aesthetic

appear ance of A pbldiRaethahé MU rhiskGahnijul & Radhd &B&ipSinRbd i@SiI_fﬂggstglﬁ .

illusion of detail. The inmage subtraction technique may be carri
usi ng comer cicdBnakigeeethydes beanglefesmsedusingar coavalinhign Bingctiom dineitipg 8gr am 25

as will be wel ; i I . . .The follow ng, table.

denonst r at es tahhedgﬂ%?gg%%ﬁ%gﬁ g%%a&r%&%%?@%&ﬁ né’u[acr)"feﬁ%lnﬁg}éaézﬁ?e tSf¥fent i on
of the flat ficetrdctamdbfivasibes ¢f thefhctorelifiatisbovsichlagbixeNviriatiohend ahéwus
aberrations degradi ng m croscope i mages: 30 ~ z'a~ 200 5 Table 1
Aberrati onFl atﬂ(\i’ll‘—'f1 H%ﬁshar p maskPresent InventionPi xel to pixel variation
Lens aberrationsPartial No.No Partial conpensationYes Better
conpensationPoor il lum nati onNoYesYesBacksi de damage ~No. Parti al Better An
i nfrar ed®hot deisiasobisest of the inventpan taduitigat: prpblemsasseeidativith khowh imhge

invention, is ri in.more detail with reference to Fig. 4a. The
sanpl e 12, whi’e &l(\cgh.ltg@%f:%}g’ﬁuﬁs'either a package to device or a wafer, is
supported on the sanple stage 10 conprising, in the first case, a sanple

hol der or, in the second case, the wafer chuck of a probe station. Such

probe st at i ong 5P,/ the Biventimihereds provigded anappeeatugednd rretbowhag et phieingke | | ed
person. For “@EEérﬁedE%ﬁHéSi ng i s achieved by noving the m croscope body 18.
O her sanples can be noved on a vertical positioner available comercially
and 10 W&l | known to the skilled person, in which case the microscope body

18 can be fix ile the sample 12,is ved i.nto the fqcus position. The
lens 14 is a %?%%é@%‘ﬁéo %ﬁeé@f%n }Véngovggeg “gﬁﬁlppbb’rabfé’f ExXqrpplg with

reference to the drawings of which:

Fig. 1 is a schematic view showing an infrared/photoemission microscope of known
20 type;
Fig. 2a shows a sample image at a focal plane array of a microscope;
Fig. 2b shows an enhanced image achieved using a known technique;
Fig. 3a shows an out of focus image obtained according to the present invention;
Fig. 3b shows an enhanced image obtained according to the present invention;
25 Fig. 4a is a schematic view of a microscope according to the present invention;
Fig. 4b is a further embodiment of the microscope according to the present invention;
Fig. 4c is a further embodiment of the microscope according to the present invention;
Fig. 4d is a further embodiment of the microscope according to the present invention;

Fig. 4¢ is a further embodiment of the microscope according to the present invention;



15 Light fromthe sanple is focuss_éd by the objective |ens. _t he
focal plane array 16. Preferably a focal plane array sensi t?%m%éﬁe

infrared portion of the electronmagnetic spectrumis used but the invention
is applicable in principle to any radiation that can be focussed by a | ens.
20 In order to focus the mcroscope, in the first preferred enbodi nent as
shown in Fig. 4a the m croscope body 18 is nounted on a precision bal

screw assenbl y. of e merci.al ly. avai | abl e . and Il known to the
ki Hed: por sob E T o Ep SaELDlthe Mistoscons Heordie o iapressmtavertion:
controlled franda PC 24. The degree of ~ 2 JAN 2DD~ 6 defocus is user
controlled within the range appropriate for the lens in use. The in focus

i mage is obt afied,ShPWehagssidermaging dmess detalonrmand to the notor 22 to nove
the ball screw 20 the appropriate anount before the outer focus inmage is
obtai ned. This automatically controlled Z-axis notion control systemis one
of a nuner offhremhsutithe figinehliké referpasinuieralodesighatetike paggope body can be
adjusted relative to the sanple in order to focus or defocus the

m croscope. Alternative ways in which the m croscope can be defocussed in

order to achi e¢agrihd® Figs. fa&g 4 hkthsBow 'ﬁﬁleb'ﬁ of th%%rc%%nﬁﬁ?&ﬂiohf‘ ttd gnveﬂﬁ%r?"‘;

addition fine focus control 26 can be built into'the mcroscope asse
i ntermedi at e SPlEevthr Preflermnessociatad withéhekmovmsrmpgerons/byl 8btaifimgsarcan of

conprise eith . LeW posi.tioner or any other ropriate fine
novenent cont ?%u é@g%\ée?fgﬁghgh\ﬁngelfgeﬂf’ﬂg"ﬁ}ﬁ? P’é‘ﬁxsﬁgp%ﬁha gﬂﬁ’gﬂg FRSFET- af g out
avai | abll®. Thef focas oaggiie thed sttREdTERA tHe)in Fdtas fRAYe 18 bbith dPedHAgcddequi red
anount w t hout reqri ring 15 additional novenent of the ball screw assenbly

20. Ref erri ng"PeEeHGVingonly e highebbencapreononsgs. n papigwladtheubofiodint e
the | ens 14 aidoddBnBinAREOREddNad 0l MRXIGYLIR L END:AL ADSe el ati ve

to the mcroscope body. The fi ocus con e sane type
and used in t Heligenmiestistedoabons anth eof justah@@eféacofthe fietl mhnfrayl tRipidd  be

appreciated that references to the "leps” could be references. to a full
| ens assenbl y® oswsa%’p?"ga?&%?ué ‘@@%?e‘ﬁ"&‘é’ﬁfglﬁﬂnﬁﬁ @HgdTome theraaply inpggg of Fig.
n croscqge. ReieAtédididgty Sibfractftil of ihtagl i i Si tioner
30 which once again ngggjan bgc of oan}glkeoalggfﬁgﬁ?%%gkﬁfgg&@%ﬁgocggﬁp?‘%om is

then noved onrankyvepeliof tlprrommm sheirationseesubtinglis thei liglogedine irbaghywilld t o
achi eve focussgj [0 he arrangepent, shown in Fig. 4e the
focal plane aﬁ?%ﬁ‘gé‘?}g&?ﬁ;ﬁ%&ﬁé @?%“%0 %’QW?%E%’ 5%2 FRERE OR g?%z‘%c%‘éc’%ody
18. Accor di ngkocut i iglthakubtiaotstsst thgbEteIf Gsous had@ Al teafiptaimakang array 16
is noved rel aﬁjf}[e to the mcroscope body. Once again the ~~ 2 JAS 200
itferentiates the sample image to somé extent providing enhancement of the edge
20 detail. Differentiation occurs when the amount of defocus is small, i.e. towards the
minimum value for the appropriate lens. Differentiation is desirable in that it enhances
edge definition and improves the aesthetic appearance of the image although it can
create artefacts and a false illusion of detail. The image subtraction technique may be
carried out using commercial image processing software or a simple compute program

25 as will be well known by the skilled person.

The following table demonstrates the improvements obtained according to the present
invention of the flat field and unsharp mask methods in relation to the various

aberrations degrading microscope images:
30



positioner 32 may be of the sanme type and used in the sane ny of
the positions/fne focus controls 26,28,30. Yet a further al ﬂ%?ﬁmiﬂﬂa

arrangenment is shown in Fig. 4f. According to this enbodi nent the
m croscope body 18, |lens 14, focal plane array 16 and sanple 12 are all a
fixed distance apart save for novenent of§the ball screw assenbly 20.

I nstead of introducing nechani cal novenent, a thin transparent plate ]
34a, 346 havi ngrg,f fractive index greater than that of air or the mediumin
whi ch t he mcroséoge is used is inter posed bet ween the sanpl e 12 and the
focal plane {fT e pl 346 10 fe moun &th m
- 36a,366 allo ng&[ll,etw?%d m@éﬁFﬁy nd B’E?“%’?‘ nﬁ% At i c?ref)‘?ﬂ ﬁnv?&t‘m&' resul t
t he m croscopePiks tibpmeissed HatigicusseédNpy ertectivel y B ering rhe optictyl
di stance bet vieen t_he respective partis. It wilt be rdcognised that the

t ranspar ent pvéflé“&%m be p|aced at any desi red positlion, for example in

either of th Apgar—4Db i"“'f‘“'ﬂ*ezclnfa
requi red. The L%??n%%ﬂ@gg 1 8'(:an be (ﬁ%%ﬁofnﬁ ﬁ?/onap;ﬁ%ﬁffd@iflge%t}m’er to
f ocus/ def ocug Rdoeilliminas@npNoand becdayge of The rel giyagely 1 ow mass of e
transparent FI at o_f aoclussin and def dcussing can tak pl ace_qui ckly hence
enhanci ng t he Béﬁ??‘ﬁ?@@ﬁgq Nge in redlatislne. 1t wil || Bestenppreci at ed t hat
any appropri ate echanicatnovenent—reahns—26—20-26283032foer—achieving
-relative novenent under conputer control of the whole mcroscope or the

obj ective | ean&a&@mmlslommmbqwamﬁlngft@m exBs@hRneod tBathveali&YY Or

bal |l screw. Alt rna 1}4 \fh mal.| vement may be achieved by a

pi ezoel ectric®t %fﬁ’é‘ By Ae h"a‘@ﬂ"c‘ﬁ nRd figofe Thecpmplolde vhich igst t he
obj ecti ves | ensypiedlRt éidtRr k PadidiBe RARR for
hi gh magni fi ca’tn? on%lt r}agresga1 gef e th g@{)g%ﬁvr#ééﬁg@?ﬁsd%ﬁ?& 8&{1-[& Q}ﬁﬁlé &a#hﬁ)d
nmovenent requicPB@TisMgow the frst eagesd sumplebadde canid thresscamndaare, lnlee ae&anhnidkaffed

qui ckly so that ul nmage can pl a The
amount ~ of def% 5%%?56‘{%3??} e%ﬂﬁé’rdbﬁég‘%%s ‘Fﬁévﬁg\\}{% COH%&F‘HE@(%?I? %F Ymgo
(N.A) of the thekilldi\beai Eor%fd?@%dt@s:h@fksacﬁ%vé’&ﬂ m&&n¥ald miﬁ?&\e’@pé Bodye
skilled person t ypi cal val ues are between and 300 Vim Fig

denonstrates tife d.lig?}' Sappe mered ‘Pﬂ/eﬁ@fiﬂgd Positiprsr avdilahlet @nbamkmllgleand

i magi ng ccok, i,ntegrated CII‘C it rov ded
havi ng alr?A\ act .“nggél roé%ﬁo?%? ﬁ&ﬂ% bmg’gufl}réaasg “and fadtng d)é\:i/gfa'ﬁ ‘:'11
focal pl ane amtalg thasmnple pdlid mhmhbmalieﬁimip@;ﬁloﬁ faci ng towards the focal
pl ane array 16. Reflections fromthe back surface, and out of focus inaging
of defects on the back surface such as that shown at 44 can give rise to
reduced i mage Touadistig i B riibskipo Bt lehd &y ApfoaaliaR, Mask L O systens.
In addition the silicon material may be several m crometers thick
whi ch can contri bute S|gn|f|cantly to the Iens aberratlon As can be seen

from Tablse 1 rovide roved inage
qual ity over f %}{ﬁ n? * le 1ts °&%§§¥3“° b%?f 1¥y rlrgo t€? fo[c 8fc Uy
features di scués @@bfaﬂabla& focal plane array sensitive to the infrared poruon of the

electromagnetic spectrum is used but the invention is applicable in principle to any

t

O

radiation that can be focussed by a lens.

20 [n order to focus the microscope, in the first preferred embodiment as shown in Fig. 4a
the microscope body 18 is mounted on a precision ball screw assembly 20 of a type
commercially available and well known to the skilled person. The ball screw

assembly 20 can be driven by a motor 22 controlied from a PC 24. The degree of



15 It wll be appreciated that although discussion in the specific
description is directed to in&ared/ photoem ssion m croscop&Q,JAMezg%
techni ques can be applied equally to other suitable m croscopes, and in
ot her regions of the el ectromagnetic spectrum where aberrations degrade
the i mage. Indeed the principle of the ivention is applicable to any

i magi ng instrunment in which the image is recorded on a focal plane array.

For a 20 tele r.canera he, ary angenent sho i.n Figs. 4e or, 4f for

f ocussi ng V\oul%ig]%%es ?Se"}fﬁﬁ ?oé%fogf‘%g@“f‘ﬁ%e 8% %%?PE%?W"_F% Bsilensinpige- L TIN5 nuch
greater than Ilfens iinagd Bubtaimddanen &Y 24 kéhda ddbinhAAd tdBe MIG@NBERERLvELAR be
coupled with %gﬂer appropriate techni ques to enhance the i mage yet further.

25 Yet furt hePat REFCFmiE RBRTOPRSIC paovd defare theeyter Eecns snagedsohtainedi nf r ar ed
satellite earth imaging in which simlar focal plane arrays are used and in
whi ch at nospheric conditions and weat her may degrade the inmage, night

vi si on syt endhisiutereatidally eontrolled Fsiofis mdtiomoshirnl eysascipyie of a hugibegscal

sanples in which there.is,very.lo ontrast. 2 (I-N.2 s Cains 1. An
appar at us for r’?eﬁﬁﬁgy &E‘ﬁ%@‘éﬁ%ﬁ@q ‘#tge PEPEERDHRUY qaﬁé’eéﬁlﬁg‘éf"d%u‘@dﬁﬁh‘? sing a
sanpl e stage, sampRiif ok Yo ﬁ»ﬁum&%@Qtﬂerfﬁggars&?ﬁe?%lfehaﬁw“%yé BCWRRL G means

are 5 nounted" an inage gr ocessigg. nmeans receiving a detected i mage
from t he i mag8ugoseanesan ap deiveersesini arderith achdested theadesiradugeyltsandude:reans f or
varying the optical path I ength between the sanple stage and the focussing
means or between the focussing neans and the i nage detector, between a

first cdffi guratshowndh Fighiablan addition fie€ figus dRa0] 26 canaiethi@thd AR rds0BHE
detector and a seﬁgnd confjguration at _which an out of focus 10 inmage is

recei ved at tR¥C gerEedaicone balheoren 2 apd iy misioserprdodnbs.e Thisicari ve to
the sanpl e stag@pfiof citfeth bl @&FM poQbS Py b d gfogr?iﬁfer}%eqﬁg\';‘e%e%?' ng for
focussing an inmage of the sanple onto the 1"nmage d ctor, the inage :
processi ng neaosirdi mglldmoange thetshilledipersan tind denmerciallf, af sikibke. i Tlege from t he

i n-focus imge.to obtai n_enhanced i .. 15 2. _An apparatus as ¢l ai ned
in claim21 i n™WHi°¢HPE 15@?@%@%&%@@%3@ %’GJ?WCQP“‘PE%‘WW TSR
sanpl e_siSages addifiendlassieicnfofManal /il hiiembiBge detector. 3. An apparatus
as claimed in claim2 in which the novenent rmeans conprises nechani cal

novenent neans. 20 4. An apparatus as clained in claim2 in which the

novenent nean | S8: ' tri ransducer. 5. .An_apparafus.as

clained in an?ege’lc‘m}gé ?ﬁgﬁé'%gggé?ol%hgg nltrc?ﬁzé ﬁ@%@%ﬁ&ﬁfmﬁ%ﬁﬁ@%) nﬁg ad g’ﬁged
to nove at | eastroscupediody h8 fhanodsg 1e leBatmeasidtiide thamuLoRepEBELY. TIR) ative
to the sanple ratus as clainmed in any of clainms 2 to 4 in

_ St %ége. 6. ﬁn app?) ) _
whi ch the novEREAPCURELREO 2 @roaRGEE spe Ripgand Heedda s emsagnact & Beifins t o
at leastapone @lcuksEntrOIC4S It Rl BRADPTe RN hiGeRon: FRGenIALRSBhId be

references to a full lens assembly as appropriate dependent on the requirements of the

microscope.

Referring to Fig. 4d, the sample 12 is mounted on a positioner 30 which once again
25 can be of any appropriate type. The sample 12 is then moved on the positioner 30

relative to the microscope body 18 to achieve focussing/defocussing.

In the arrangement shown in Fig. 4e the focal plane array 16 is mounted via a
positioner 32 to the microscope body 18. Accordingly to obtain focussing/defocussing

30 the focal plane array 16 is moved relative to the microscope body. Once again the



7. An apparatus as claimed in any of clains 2 to 6 wherein the novenent
nmeans i s nounted on the nmain body for novenent of the irrage‘?ﬁqjmt@[, or
focussing neans relative to the nain body. 5 8. An apparatus as cl din
claim1 in which the neans for varying the optical path |ength conprises an
optical elenment having a refractive indef different, in use, from anbient,

mounted for novenent into and out of the optical path between the sanple

stage and the fagcussi ans, or the focussing neans and the inage
detector. 10 @95113\%“%823‘\‘%&&0%@6%ﬁ“éﬁ%ﬂa'}drﬁssﬁhw%ﬁé%ﬂmﬁaﬂwamp #hi ch t he

means for var pbéifloddtEneoRtis@inuBaids dsegt h and the inage processing neans
are arranged to obtain an enhanced inmage in real tinme. 10. An apparatus as
clainmed in any preceding claimin which the means for varying 15 the
optical path Kepgite? (RARRN b OhLR L Fom i rig My RLLAuh et fCT OScope
conprising an apparatus Tor I mage-enhancenent FIv Tt He appa$ it conpri sing
a sanpl e 5st agembadiniemathe micasestibody MRAS 40 focakbsiete/driy 1& MdtsembRrdlJ arBge
fromthe inage dgl efcltor and processing the detected i mage, and a 20 neans
for varying tAe 2P ditancs fARATE saYg A9T Beemeahotithe balkshstw assembly 2hdnstead of ,
f ocussi ng neapgr i ; L PR I : .
between a first dgg%??ﬁgﬁlgﬂ?%{@%?%hﬁg% I n- ggﬂ@a%?ga’ga?g%‘ggé?%%ﬁlﬁ t he
i mge det ect otndgK@rertes dhamtliatod alr qgdlrcanédimman whvitihahe microstbpofs setiss i mage is

received at the_i etector, the,i e .prpcessi ng s hei rranged
to subtract thngerga g?eg‘?%e U efq’%%?? f’%%ﬁ%afﬁ'ﬁ% / %w@egg&gﬁﬁ n an
enhanced 0i magprefdrdbly AU OSASEIO36aIB66 NSHRREt VIRl Y ado@RRAAt us for

i'mage enhancenent in, the apparatus conprising a sanple stage, an I|nage
processi ng nmeSREcH pathy dse reslbthe mieroseope is forussed/defornssadeyi effegivapalicing  and

processing th t i ns._3 or..varying.th tical path
| engt h bet meﬁleﬁﬁjtéﬁglacrﬁ}%ﬁ&g}t%g&%ﬁgﬁed% F}?:%ﬁYe a&%sﬁtn‘bﬂlﬁkﬁ%oggfse%&%n t he

f ocussi ng neafrsnspacknt hletd cande plieté ot 21y dekinkivReition, bt &xaimplon] ditur af then at
whi ch an in-focus i e iﬁ recei ved at the image detector and a second
confi gur at i onP@Ytions 342 ox;34b sngihay qnlya singleplatg i In fact respiired hhgarm 362.3¢%i ved
at the ijgage d : L : %&lﬁé L 0g:

subtract the oﬁ% 8%?1‘1”\]{9&151*5&6 }Ir ?rﬁa%gﬁ?a?%mt ewﬁ)-cggg\%}gc@%gguﬁé&gggg'lgdnﬁ%ﬁuse
enhanced i magef ths relativedy st hess offthe trirspaientplatn foomegng ami defodussios captke

conprising a . i.ng a,sanpl e, t.hereon .mai n body having a
f ocussi ng maﬁ%@hﬁw@l&rﬁ%ﬁ%ﬁ% de %P@ﬂ@ﬂg?wﬁﬁﬁtﬂﬁ% t hereon, the
met hod conprises noving the main body relative to the stage to obtain a

prelimnary fﬁcu_ of the inmage of the sanmple;, and varying the optical path
| engt h bet wee SSHRRE R BataTY appreprige sshadcahmevement megas f ocussi ng

means ang thesd9sharge et g&ﬁ&ﬁ%ﬁlaﬂ% ?‘{%)Qerﬁerﬂ%nh% c‘foglg: Bor CJRES Rlnd N6,k MR ge
det ector and an” out of focus i e at e |1 nage detector respectively, and
subtracting t hecrostopobr flwabgeciineltpas hndiie soreple s dppeasiataybgextmplbt laad an

enhanced i nmage, 14. method,.as clained in claim13 in which the enhanced
i mge is obt afﬁgﬁqrﬁ%éfﬂewt iﬂgmai’ggff .qula‘BB‘é?’éﬁE‘\HE‘EV&F aFﬂ’fﬁ Bhthancement

conpri si Ng anpickBéectele t@fdditer rhbRRE IR HR SHMImMIRARSpd & jubQRENEAS Aens
detected image fromthe i nage detector and processing the detected inmage,
means for foclR&igodhs amle onto the i mage detector, prelimnary focussing
means apg nmeans for varying the optical path I ength between the-focussing
20 neans and the i nage detector between a first configuration at which an
in focus inag8ircs theeehniget atusddfer high gaigdiFicatdroimagss] whefeto idhaiqué igur at i on
at which an out of focus image is received at the inmage detector, the inage
processi ng medpst Y?é}l?aé}j‘eaﬁnf’é reqyirg .Bitc}n&)b% fepy@icsempetsrs and bgacq seads fromthe
in focus i mggcdothgiRhai @ﬁ@ﬂy%@hﬁ?%?eéumgmagéca}i%e d%ﬁl@?feﬁ%gregf tfBN&RET N9 an
i mage in an apparatus conprising a focussing neans,

amount of defocus required depends on the power and numerical aperture (N.A) of the




prelimnary focussing nmeans and an i mage detector, conpri si'ﬂ%\rﬁ st eps of
focussing the image with the prelimnary focussing neans an giQMéthe
optical path between the focussing nmeans and the i mage detector between
configurations in which the image is in focus at the inmage detector and out
of focus at 30 the inage detector, and sdbtracting the out of focus image
fromthe in focus image to obtain an enhanced i nage. 12 JAN 2pala 12 17.

An apparatus f j« - e in 1 gr.psgope, the aratu
conprising a Sg ecp{e@gﬁ %g%{%ﬁgﬁe Wé@‘“&%ﬁ’é@‘? gl?ﬁe‘f?ﬁ%ﬁ’él’ é?b°£§@PWfﬁ§§W§e’Fér
recei ving a dehé¢s0edm.mage fromthe i nage detector and processing the
detected i mage, neans for focusing an inmage of the sanple onto the imge
detector, and neans for varying the 5 optical path | ength between the
sanpl e stage and 4 ' I . n the f i.ng.. ns.and the
i mge detect O?:?E! bse%\%]/‘e%l%ﬁ%{% {lillrgs‘::l %W %?)%Tg?aﬂ&lg%%ﬁ&%ﬁ Ig\%ﬁf@ﬁly%?\bﬁcgglaeg%ﬁ%l?%ge IS
recei ved Sat t Wecordinetodhiséathaiquand integeed oilcdo3 ¥ is provaddddaviis anhvictibe &Bnout

of focus image is received at. t i.mage detector, the inmage processing
means bei ng ars'rlrg?ﬁe@ ?@eéﬂﬁg?daaé'g%?‘l‘i%g g\‘ﬁy meﬂb‘?:{?@liﬂlﬁﬁ‘é"fw o"i‘ﬂd_t%léd}sh@c% ocus
i mage to 10 olhay @r&@$aﬁ@@dﬁ§§6waf&q&e fo%ﬁ:plﬁ{&a?:ﬁ gﬁ.ak\éﬁe&ﬁmgh%ﬂﬁg bhék Claim

1 in which the neans for varying the opti’c pa | ength conprises a planar
optical el emedtritreyambout of équadmaging phiddsctoior the berk suifaoersudhats thoft shdven at

anbi ent nediu nted for novement into.and out af the optical path 15
bet ween t he sghrrpcggélsteé—bsg 19 feguge clffkaigﬁauﬂgﬁﬁ‘sat%k“%‘@a@eﬁ]el‘?ﬁ% 'f“b%ﬁ?s‘g?% means
and t he li0mage spaéms.t by addittn the Sli6s0HaRAR! HHTBY devéralndid-APRRY Gthétersafick! ai med
inclaiml. 20 20. A microscope _as claimed in claim3 conprising one of the

group of an i Aigh sadFopiihutTigRifiraslydn the lersebempion. 2 canbe sppnframables!

claimed in clgpmel nhRe v L;Bg P}Jé&tﬁf‘f\ge%g?ﬁ Blovides Mhné}gg%ﬁfrhaggtgh mf}& RE e gnath

conpri ses novenent neans novi n east O a € stages, the
25 focussi ng felhmdandhirhendskageerdebe cirme of &2 feaiireapipausaddisbors. cl aimed in

claim5 in which the novenent neans is arranged to nove at |east one of the
focussi ng neans and the image detector relative to the sanple stage. 30 7

~ JAN 24@- 13123i1 WanPRided #h9t AhofbRiiBd iR érfﬂh@!s omid desihiedh ik R OBy giTent

means is arranged to nove the sanple stage relative to at Teast one of the
f ocussi ng neadsrapdphotecissign mietosespes, theteghhiquan caphraanplied eqmllyltaitied i n

claimb5 further. k1Sl in_body .on ich the | e detector and
f ocussi ng neagéltag)?%&rlréﬁé%ﬁ%g%s?a?n%@ %&Trﬁx%?)‘a@&@éi “25"“&6??&8% SRR Wéerfo t he
sanpl e stage faberrqpioak dograds thefi@egts Sindged tbi«hﬁrlixﬁiime bhie PATERNTS dppEcIafe

nounted on the nmai n body for novenent of the inage detector or focussing
means rel ati vetY YREHBE HSHMSBI which the image is recorded on a focal plane array. Fora

20 telescope or camera, the arrangement shown in Figs. 4e or 4f for focussing would be
required since the distance from object to lens is much greater than lens to focal plane
array. In addition the arrangement can be coupled with other appropriate techniques to

enhance the image yet further.

25 Yet further the invention may be used in applications such as infrared satellite earth
imaging in which similar focal plane arrays are used and in which atmospheric
conditions and weather may degrade the image, night vision systems, either IR or

intensified, and microscopy of biological samples in which there is very low contrast.



10 25. An apparatus as clainmed in claim5 in which the an%ant means
conpri ses nechani cal novenent neans. 26. An apparatus as c ol i280%1 ai m 9
in which the novenent neans is arranged to 15 nove at | east one of the
focussi ng neans and the image detector relative to the sanple stage. 27. An
apparatus as clainmed in claim9 in which the novenent neans is arranged to
nove the sanple stage relative to at | east one of the focussing neans and
the i mage 20 detector. 28. An apparatus as clainmed in claim5 in which the
movenmerflaimsins conprises a piezoelectric transducer. 25 29. An apparatus as
claimed in claim12 in which the novenent nmeans is arranged to nove at

| east one of the focussing neans and the inage detector relative to the

sanpl e 5t aga. afjfratdd faPPpas@ Ushaasefitdl MEE hitr&dcdpdD thé Jdtﬁamscboﬁlfi'ﬁsi venent

means is arrar]% d to 30 nove the sa_nﬁle stage relative to at |east one of

t he focussPiiep > @n@atthBodyhap eviyeh aet brage detectarArnd BD¥bcassirg mepms arc

appar at us agufied) MRdini j ; , 0. 12, 13. 14 in
whi ch t he meang for vefl ?/?r%ce?ﬂgg 3‘%?%3@%&% Wﬁ}é%gi[eﬁe’cgerqdnfa%ee]ﬁmr%slge lhage
pr ocessi ngdetectes apd proscssimy e deeadtxt anmgeaand rhaeaedfor vageng the eplical ipag. 5

32. An app u clained in _any ope of clains )
1,2,5,6,7, %,E‘g‘fhlg‘?tﬁ?ﬂéﬁiﬁ?‘?ﬁfei ?%a%%f“b‘ﬂ%i%g"cﬂfé%% megps wuRFKen: the pessing
path is compaiseadcthatinagd @dectS3 bevathtahfgt O5nfRARARG AGIAEh AR LS ifage

m cr oscope. conﬁrﬁl |ng]Fa sanpl e stage hawq?fg a sanpl e thereon, focusing
means and Brf°f 3’:% SEL8F detaiopand ingrcomE canfagusatisi aiowhish gt i doept i cal
patfy | engt findpetiveestivdaca SRR ESIA88A M hideh BB&Pﬁéng oGRS ‘}E:]ﬁht?@t 81%“5' ng
means and the image detector between configurations Tn wii ¢h e sanple

i mage is itRmRde yiagst for msclimingy fuwesnar thaniboessingomefune bsingtfot Hecussiagemn

detector r [ actiy the out of focus inmage fromthe in

f ocus i nmage o%gﬁc:%aﬁjpéﬁ%ﬁEgé;%:néa(?%idﬁgegteqr’ T%% 11338e Iﬂoﬁ%gtgwgdn%gs?lgg AErangsd

cl ai m 17 ito swhirgdt thheutarfifacisdrhaperfigm ths i0Bicak Magkd 10 dbRah ah eARinc@DimANR.
apparatus for imge enhancenent conprising an inage detector, inmage 20
processi ng nmeans for receiving a detected imge fromthe i nage detector and
pr oces <l NgAh hepatatue Gk RthimRB L cldfBanm AlchfLo¥ssh ﬁ&nh a4t AR hp feal(TRO€
detector, and neans for varying the optical path [engt etween ¢he

f ocussi ng PReHhasamplp stapemn fee @evssingonednsand dhre image dstectoonf i gur ati on at
which an in focus inmage is received at the inage detector and a second
configuration at which an out 25 of focus inage is received at the imge
det ect 8r, Ahepparatye aprlovesbindainezswhichnhc abvangadndaas solpfigstmdhgnioat of

f ocus irra%ofén(l)@tt he in focus inmage to obtain an enhanced I mage. 36. A

met hod of ‘enhancl i mge in an apparatus conprising a focussing neans
302and an i mage detector, conprising the steps of varying the optical path
bet vveeg th}g%f ocussi ng neans and the image detector between configurations
in whi &h t4@ IPRERRELS & idlaimsdud glaimn? innadichd ghee mayemanid means clonfpoisess aat
the image iAo trafdducer.

5. An apparatus as claimed in any of claims 2 to 4 in which the movement means is
25 arranged to move at least one of the focussing means and the image detector relative to

the sample stage.

6. An apparatus as claimed in any of claims 2 to 4 in which the movement means is

arranged to move the sample stage relative to at least one of the focussing means and the

30 image detector.



B 2 JAS 2Q4 15 subtracting the out of focus inage fromthe‘?ﬁ,,j;?qpfﬁttggg@L mage
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R () o - 100 Rgf-%f‘%ﬁ *i%?/sz&-o-%m% NG BEGE) "o 105

R& ()-'QBLOYF[f& ()-9F 10% R& ()-#10% & () -! C#lO%\/RNR&' () W: ; <=HbCl V
10%00&'o ) - En VAW 63 cldifhed in any preceding claim in which the means for varying

the optical path length and the image processing means are arranged to obtain an

enhanced image in real time,

10. An apparatus as claimed in any preceding claim in which the means for varying

15 the optical path length is computer controlled.

11.  An infra red microscope comprising an apparatus for image enhancement in, the
apparatus comprising a sample stage, an image processing means for receiving

a detected image from the image detector and processing the detected image, and a

20 means for varying the optical path length between the sample stage and the focussing
means or between the focussing means and the image detector, between a first
configuration at which an in-focus image is received at the image detector and a second
configuration at which an out of focus image is received at the image detector, the image
processing means being arranged to subtract the out of focus image from the in-focus

25 image to obtain an enhanced image.

12. A photoemission microscope comprising an apparatus for image enhancement in, the
apparatus comprising a sample stage, an image processing means for receiving a
detected image from the image detector and processing the detected image, and a means

30 for varying the optical path length between the sample stage and the focussing means or
between the focussing means and the image detector, between a first configuration at

which an in-focus image is received at the image detector and a second configuration at
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wZzodY: | #109%6&' ()-v 10' 10' 10' P4 10% & ()-

| QF #10%0x0&' ()- ! X*#10%&’ () - | X<#10%00& ()- g, aBdY: ! 01096& () - VJ

1098 () -2! L! 109858 () - S&F1096& () -SP 109%& () - 1098& () - W 9~2dY: I 96, J
1098 () -1 J%#109G4T4&' () - I%p#H109F7& (I+ YpH#10%& () - VS109%B&' () -

Vcz109%& ()-1234AC~ @ 10% R& ()-"Y10% R& ()- 105 105 10592J

109%6& () - | @hphl9%08068R (s dmagf&ﬁ}?/&o@)ved Gt the i 1mage detector, the image processing

a?~ I X$ Cl 0#10 00/ R& ().- GV 310% R& ()-V 610%
' R& )@ VlOO/%Ié%tl) &?e(, i‘l% )arrgggedgqu)sﬁ%@a% the ot of focug image from the in-focus image to
obtain an enhanced image.

§ 13. A method of enhancing an image in a microscope comprising a sample stage having a
sample thereon, a main body having a focussing means and an image detector adjustably
mounted thereon, the method comprises moving the main body relative to the stage to
obtain a preliminary focus of the image of the sample; and varying the optical path
length between the same stage and the focussing means or the focussing means and the

10 image detector to obtain a an in focus image at the image detector and an out of focus
image at the image detector respectively, and subtracting the out of focus image from the

in focus image to obtain an enhanced image.

14. A method as claimed in claim 13 in which the enhanced image is obtained in real time,

15
15. An apparatus for image enhancement comprising an image detector, image processing
means for receiving a detected image from the image detector and processing the
detected image, means for focussing an image onto the image detector, preliminary
focussing means and means for varying the optical path length between the focussing
20 means and the image detector between a first configuration at which an in focus image is

received at the image detector and a second configuration at which an out of focus image
is received at the image detector, the image processing means being arranged to subtract

the out of focus image from the in focus image to obtain an enhanced image.

25 16. A method of enhancing an image in an apparatus comprising a focussing means,
preliminary focussing means and an image detector, comprising the steps of focussing
the image with the preliminary focussing means and varying the optical path between the
focussing means and the image detector between
configurations in which the image is in focus at the image detector and out of focus at

30 the image detector, and subtracting the out of focus image from the in focus image to

obtain an enhanced image.
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17. An apparatus for image enhancement in a microscope, the apparatus comprising a
sample stage, an image detector, image processing means for receiving a detected
image from the image detector and processing the detected image, means for
focusing an image of the sample onto the image detector, and means for varying the

5 ~ optical path length between the sample stage and the focusing means or between the
focussing means and the image detector, between a first configuration at which an
in-focus image is received at the image detector and a second configuration at
which an out of focus image is received at the image detector, the image processing
means being arranged to subtract the out of focus image from the in-focus image to

10 obtain an enhanced image.

18. An apparatus as claimed in claim 1 in which the means for varying the optical path
length comprises a planar optical element having a refractive index different from
that of the ambient medium, mounted for movement into and out of the optical path

15 between the sample stage and focusing means or between the focussing means and

the image detector.
19. A microscope comprising an apparatus as claimed in claim 1.

20 20. A microscope as claimed in claim 3 comprising one of the group of an infra red or

photoemission microscope.

21. An apparatus as claimed in claim 1 in which the means for varyihg the optical path
length comprises movement means for moving at least one of the sample stages, the

25 focussing means and the image detector.

22. An apparatus as claimed in claim 5 in which the movement means is arranged to
move at least one of the focussing means and the image detector relative to the
sample stage.

30
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26. An apparatus as claimed in claim 9 in which the movement means is arranged to
15 move at least one of the focussing means and the image detector relative to the

sample stage.

27. An apparatus as claimed in claim 9 in which the movement means is arranged to

move the sample stage relative to at least one of the focussing means and the image
20 detector.

28. An apparatus as claimed in claim 5 in which the movement means comprises a

piezoelectric transducer.

25 29. An apparatus as claimed in claim 12 in which the movement means is arranged to
move at least one of the focussing means and the image detector relative to the

sample stage.

30. An apparatus as claimed in claim 12 in which the movement means is arranged to

30 move the sample stage relative to at least one of the focussing means and the image

detector.
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arranged to obtain an enhanced image in real time.

5 32. An apparatus as claimed in any one of claims 1,2,5,6,7,8,9,10,11,12,13,14 in which

the means for varying the optical path is computer controlled.

33. A method of enhancing an image in a microscope comprising a sample stage having
a sample thereon, focusing means and an image detector, comprising the steps of
10 varying the optical path length between the sample stage and the focusing means or
the focusing means and the image detector between configurations in which the
sample image is in focus at the image detector and out of focus at the image
detector respectively, and subtracting the out of focus image from the in focus
image to obtain an enhanced image.
15
34. A method as claimed in claim 17 in which the enhanced image is obtained in real

time.

35. An -apparatus for image enhancement comprising an image detector, image

20 processing means for receiving a detected image from the image detector and
processing the detected image, means for focussing an image onto the image

detector, and means for varying the optical path length between the focussing

means and the image detector between a first configuration at which an in focus

image is received at the image detector and a second configuration at which an out

25 of focus image is received at the image detector, the image processing means being
arranged to subtract the out of focus image from the in focus image to obtain an

enhanced image.

36. A method of enhancing an image in an apparatus comprising a focussing means
30 and an image detector, comprising the steps of varying the optical path between the
focussing means and the image detector between configurations in which the image

is in focus at the image detector and out of focus at the image detector, and



1( 10 1( 10 1( - &10% 1( & ()-*_j__* |[:vU4 1 Y&10% & (.% iA?,N}O%&'()-
#1006 & ()-< “)10% & ()- |y 10% & ()= #10% & ()- * 8 =avabdJAN Gigs
P@"10% & ()-y C#&10% & ()- P*10% & ()- f($10% & ()- GC'#&10% & () - -

| g10% & () - bbbbbbbcGdvU4 XI 94.0% (i & ()- %#10% & ()-* , L10% & () -
#Y10% & ()-2Z10' 10' 10' - GR3@&10% & ()-GddOfFf Fgh)i | [:vU4 < & ' #&10% & ()- <
& ' #&10% & ()- @9%' 10% & ()- SHC@L0%s& ()- < C@L0% & ()-- R

3@&LI0 & ()- NS@I0% & ()-- '10% & ()-z Normal" "Heading 13]c" "Headi ng

23] c" "Hea ar‘ﬁf 33] c" "Heading 43]c" "Heading 53] c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph

Font <3$8, ?4! <BJESY_ggl nprtvxz| ~": (5 Enijj EFGH JKC)

PG TGS vr, ./ 35N7: =" ?BDEIMePTVZ\ * " bCG&d) i j ] LMNOPQRSTUVWKYZ[\ ] ~_"abcdef ghi j k
| mopgr st uvweTi nes New RomanAri al Courier New'h Root EntryWrdDocunent P

" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFGHI JKLMNOPQRSTUWKYZ[\]"_" abcdef ghi j kl mmopqgr st uvwxyz



