2129127 APPARATUS FOR,MEASURI NG THE THI.CKNESS OF THI N FAYERS The i nvention
‘relates to an apparatus according to the pre-characterizing clause of t he
Rai/n papent ¢l ai m | f i s desi red to neasure the thickness of eza,i\gnﬁﬂs
gn -smalfl articlés, jt is necessary to know, 5still nore accurat

tthe X-rays strike the smaLL .article, for it is certainly not i ntended to
-gperforn1the measur enent- on the article as a whole. The*typical- size of the
:igpot _on which the neasurenent. is perfoengd=varies between -a few tenths of a -
nlllkgeter up to one mllineter. Smal-L 10 neasurenent-spots arg necessary

‘hecause know edge is de- sired, for exanple, of the thickness ¢gf the Layer,
‘pre- cisely'at a specified point on the flank of a gearwheel t or of
the thickness of the layer in the contact region of a contact , etc.
15 It is, of course, inpossible to see where the X—ray am/stri kes -
t-the layer. O one apparatus which is on the market, it is known,

- i:nprecisely, that the surface to be neasured can - - 2 - sonehow be

‘gbserved, by means of a mirror, on the one hand, and that the m.rror is
“t:then pushed away, to be replaced by ‘the irradi-ating device.. The’object of
Cthe inventionis to |nd|cate an 5 apparatus which enabl es the. measured - spot
t:0 be :anal yzed with high preC|S|on and in a sinple manner. This object is
‘achi eved, according to the inven- tlon by means of the features mhich.are_
*eV|dent fromthe : B : - g

APPARATUS FOR MEASURING THE THICKNESS OF THIN LAYERS
o - - _
The invention relates to an apparatus according
to the pre- character1z1ng clause of the main patent claim.
If it is desired to measure the th1ckness of
thin Layers on small aﬁticLes; it is necesSary to know,
%Still more accurately, Qhere the X-rays strike'the small
article,.far it is certainly not intended to_perfdrm'the
measurement on ‘the article as a whole. The typical size of the spot on
‘which the measurement.ié performed varies betﬁeen.a.feu
? ) 'tenthé of a millimeter, up to one millimetap. Small

1Gheasurement-spots are necessary because knowledge is de-

‘sired, for example, of the thickness of the Llayer, pre-

]

cisely at a spécffied'point on the flank of a gearwheel
tooth, or -of the thickness of thé Layer in the contact
region of a contact tongue, etc.
15 . It is, of course, imposéible to see where the
X-ray beam strikes the layer.
0f one apparatus which is on the market, it is

‘known, imprecisely, that the surface to be measured can




* the object to be neHsis eobjqht feapchésvedl,chacordipgr tia tthee ivserof a E

erizing clause of the main patent claim. 10 B The t hrough-bore
{sible, and this bore can be set precisely such that the center of ...
t udi nal geonetrlcal axi s passes. through it, thus elimn- ating a_J
rce of error. Furthernore, that poi nt, on t he | ayer,* t hrough -
W -I Inal I C S an X s t-he center
of the'neasuregin -Q@' §9P§£éfsﬁgl} ﬁ? ? gv?i&fﬁé’nﬁ@&%scoﬁ *had two

t eye- piecesa awla,bﬁ BREh PPk 038 EnbACpLERRUIRLBYLS U Wk OTC ©YP.

and to seetﬁuaﬂayer e other e ever SO possi bl

work with Qéyuggéaey¢pf@§e,rﬁgg,aggpg abifiteng the optical elements in
chronol ogi cal succes-" sion, first to bring thée through-bore into sharp

focus, and then to Kd ngbjbet! areehat onsbatRohasUS o i hla8 (ditaplyrgm devi ce
‘can be conposed of an organic glass, or of an in- organic glass. Lead-doped
organic gl dratdoOrviekempeRab LBavehkahkesubbdSispotat® WeashdlyAesed, the
through-bores can, for exanple, be produced by ultrasonic machining. The
Cross- sect iwoirtH hﬂuﬂmmrmé1shenthaodghnbareSmane eanglewent and al ways

i dentical, and can be of any geonmetry which,, =~ for exanple, is suited'to

glass which is widely available, and whi.ch, although an i.norganic glass
i's conpar atikefly bofReanndofintke, feavunesnwhicbkreesey isfents diromx e e,
little as 6 nmm does, not permt the assage of enough X-ray radiation to *
i nfl uence tHERMALIRF T htNerFbeysSHyoh EFQnWPPEaﬁ?taﬁﬁuﬁﬂaTWhlle on the other

' tly thin to
lhand beirw SUff“nf“] throbgh-bope is now v151ble, and this bore

can be set prec1sely such that ‘the center of the longi-

tudinal geometrtcal axis passes through it, thus elimin-
.at1ng a'f1rst source of ‘error. FUrthermore; that point
- on the layer, through which the long1tud1nal ‘geometrical
'-15ax1s passes, .and wh1ch is the center of the measurement-
spot, s v1s1bLe, If the viewing m1croscope haq two eye-
. pieces, it.would be possible to see the throughfbore with
one eye, end to see the Layer with the other eye.’ How=
ever, it is a'Lso possible to work..m'th a_single ey.epi_ece., and,
20py shifting the optical elements jn'chronotogtcat succes-
sion,_first to bring the through-bore into ;harp focus, - om
and then to bring theljyertnto.sharp focus. The dtaphragm
device can be‘cohposed.of_an organic glass, or ef an in-
organic glass. Lead-doped organic glass is, for exampte,
25avaiLabLe. . |
If silicate glass is used, the through-bores can,
for example} be produced by ultrasonic machininé. The

cross-sectional shapes of the through-bores are congruent

and always identical, and can be of any geometry which,




“proportion Wgilgh spassiath 14y qrde tyhea ¢4 Oa0le Pos RS - wﬁfhehfeawﬁsagﬁf claims 4

feature of claim3 achieves essentlaLI Lhe sanme object as the f
claim 2. Fb r, 15 ni en ) nt
gl ass cont ai ngﬁ on a\?lefea(ggi segglcgéntgfcsjte‘;rg@'fé {I’@b%&? {§06%I’%I %gug? b mel y
46 t0.-62% . This neaigd hadat s aoﬁ'é’@i‘1|ﬁhic+<£'ﬁ§$t {Aenasgla%isag

1 . ' . hd

mt view ng, in transm ssion, wthout any significant Loss 10 of Ijght.
- Lead- gl ass -can al so be polished to a very good finish, which is

néeéssqky inthis applica- tion for a nultiplicity of reasans.

Ty

absonps the X-ray radia- tion even nore than |ead gl ass, except for that

to 6 enabl e the di aphragm devi ce to. be mat ched to-the partlcular

reasur ement. prob-id@Fan ber eyindds § his cedmplh RS t PRSLPEsoTE, SbﬁB'ﬁh1ohD

tests, the geonetrles according to claims"7 25 to 9 have proved very
successful aven oy edviak nesse Heohantib ede vyl el &s {ioptehest echmi,cal

. poi nt of V|emL when i norgani c gl asses are used. The features of claim 10
I sinmplify thedoesstratctdeomianthe tges svgé vaf i emocofdht kerapsubdsasfionheo '

measur.enment s al so beconmes easier. Moreover, the di aphragm device coul d,
per se, al so ind laeinfceodt ha mmvgirengfﬁemslpaeca sboohé&icenyi emdundl

fgeonetrlcal axi:s. Once again, the features of claim 11l sinplify the

Sconst ruct i oMh A€y tafe theyather hange pretrgi swfiinisathxhtbiadtroper—
easily. It is then possible, furthernore, to_arrange the_individual
t hr ough- bore@‘éldﬁ@%ﬂWQ«mﬁn|?f??&ﬂb%ﬁb9%ayV’F?°?ﬁe9“éré‘BP6¢P&éGt t°Perd

Locations wotfin g QF . Lead glass can also be polished to

a very good f1n1sh, uh1ch 1s riecessary jn this appiica-'
tion for a muLt1pL1c1ty of reasons;
Tne featUre.of ctatm 3.aohieves essentially the
Ssame ob;ect as the feature of claim 2.  However, while
- 15I.ead glass has a PbO content of 18 to 587 fl1nt glass
: contains, on average, a cons1derably h1gher proport1on
of PbO, nameLy 46 to 62%. Th1s means that, for a given
th1ckness, flint glass generally absorbs the X-ray radia-=
t10n-even more than Lead gLass,.except for that proportion.
20uh1ch passes through the through~bores. _ | | |
- | The features of cLa1ms 4 to 6 enable. the d1aphragm
. oevioe to be matched t0'the part1cuLar measurement prob-
lems, n&;ﬁeupon the_calcuLations.become simpler: .
. " In ‘tests, the geometries according to.claims 7
25 6/;/nave proved very successful, and, moreover, can be
#///iandLed very weLL from the technical point of view,
| when inorganic glasses are used. |

The features of claim 10 simplify the construction,

and the evaluation of the results of the measurements




-
-

gl ass body. 10 The features of claim 12 endow the apparatus with |

snaja;overa[l di mensi ons, despite a conparatively |arge number of _ :

t hr{lagfRybores, and the sinple rotary novenent can al so be enbodied in a \J_
pre manner, and at a cost, in technical terits, which can be justified.”
15 “/The features of claim 13 gpable the through-bores to be :

~machi ned- i 0 eng-faces, wthout haviing to drill through the glass
body, whi cl lfs:é’f Wﬁtgpﬁie%pggs?ﬁ%fé, V\Qﬂ?urle(f.vneer\/erttmeglc‘e‘saqubrea%r?/em ??i cult. The
features o i abl h A 0 I to: rdin el towghe
| ongi t udi ng?ﬁ‘ggbggt;?i ggl’ aaf(aistso, %vi%lasgﬂ f1(‘)ca‘="(t:bflﬂl?tt_aeﬁ.le'saﬂviliee n"g}\ﬁ a'é?gégjr:\g and
assenbly opgrgﬁgopangqg W8lnla 123 JIMVIPE P thes §ase with ‘which these parts
can be inspected, In-a gition to "creating no.dis- turbances when the |ayer
i's viewed through HhheeMRRAGW,arhed fENAEORS Deshh e t HeReL ey aph ages. .
this position of the gap does not falsify the result of the nmeasurenent. .
The feat uBesnot rakaiiBnl’ andndale titiduiday Nagidhn O Pé i SNBhLcahobl. Wi th
regard to the X-rays and, noreover, with regard to the view, through the
gl ass bodyachowged moriehealsdygr.. 1t iaddiiérhod b P4 AsBuPORYrhbes, becomes
a single piece which can be handled "en bloc", for when its two parts are”
wung togetbearrapbecthar iadhesidue f drhoasuigtodomes tal oy actine,ahd it i s
then no longer 5 possible to separate the two parts by hand. In addition,
the end-fathe sameakawy,bd fndihdyd ategavhided by tixedaltdagmons wiithiin thich is
nowadays po%- siglg wi thout altering the-geonetry, whereupon a gl ass

glass body. : : _ . .

1o The feafures ;f cLa%m—12_éndow the:apparatus with
small overall dimensibnst despite a épmparaiively Lérge-
number of through-bqres, and the ;impLe.rqtar} movement
can also be embodied in é precise manner, and af a cost,
-in technical t#rmé, which ﬁaﬁ Se.stt{fied.

15  The features of claim 13 enable the through-bores

to be machined-in from.the end-faces, without having fo

dr{LL throqgh the glass body, thch, if not.iméosgibie,
would neVértheLess be very difficult. . |
The features of claim 14 enable the gap to be

20aLLowed to run parallel to the Longitudinat geometrical

L

axis,-whiéh facilitates the manufacturing and assemb(y
operétions, as weli'as improVihg-the_ease Wwith uhich-these_
parts can be inspected, in addition to breating no dis- |
turbances when the layer is viewed throuéh_the mqnocuLar
25microscope; Despite theée advantages, this pbsifion of
thé gap does not falsify the result of the ﬁeasureméntf
The features of claim 15 render this gap n;gLi-

gibly small, both with regard to the X-rays and, ﬁoreover,

with regard to the view, through the glass body, toward

I
H
[
H
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body is obtained which is in fact a single piece. 10 As afresu\t of
‘the features of claim16, the end- face of t he ot her part-gl {ornns *+.
oke of ‘tthe boundary surfaces and is then straight in any case, t hj gh '~
de-+ gree of precision. * Furthernore, it is then necessary to nmacM
“volume-of the through-bore into only a si®gle 15-part-glass, which is _
Simpler than ithe flryexanpie, adiéd €104, eaRd §hs950boBYr €nWAr Belc@m@ BRChi ned
=¥nto each of the two part-glasses. In the Latter eventuality, the. halves
of the through-ivarle midde nosh Delgecahi be hpndiol- "bAvbDgcasseakl whedr they
m ght possibly exhibit chips or 20 simlar inperfections. This . '
configuration iits pard ipantes |yre surtmyl cofetherpsaotectii analadgeciwinr i es.

whi ch are pol ygonal, ‘such as, for exanple, triangles, quadri-
laterals, squadrcsestmostAscertabuly ofcuhe édedt dtessothehanm 1ldngelre 25
gl ass does n nmodi fy the color of the layer. In addi- tion, visibility

t hrough the g iblgdrl, serrrate thehtweomeceschn bhenHept | ess powerful
The features of claim18 permt view ng, through thé glass body, w thout
doubl é-refraction, accdhAffthion, theteednbreeshgan Alspnbe sieddegtion -
LoSs. The features .of claim19 enspyre that the X-ray heam suffers virtually
no attenuati ot S¥N Graydhl it RSTHAR AT VBRIt oWNEFBe SnORBAA2YSn@OSITE -
et coRL1 10 e ALAHBLON IR Bhe ShESER o YRR 20a B Bl3bel. 20
mr.g]htsfthe PHIUYH L ho P A A KN FRINT ASLETL NG hEEDND .‘é%’el.Of a mrror
. 10 " _As a result oé'the fgatures of claim"jé,'thé.endF
| face of the-other part-glass forms one of the boundaf}
.surfaces and is then stréight in any case, to a2 high de-
.gree of precision. éurthermore,'it is then'necessary_to
macﬁiﬁe:the_vglume.of the.thrpugh-bore-into'onLy-a single -
1$arf-glass, which'is simpler than'if; fdr exampL;, half
of each through-bore.were to be machined into each-qff
the tud ﬁaft-glasse;. In the Llatter eventualitf, the
"~ halves bf the throﬁgh-boré might no Longér Line up, fol-
lowing assembly, or they might possibly exhibit chips or
_2%imilér:imperfections. ‘This configurat{on-is ﬁarticu}arly.
"suitable for cross-sectional geometries wﬁich. are -
- | polygonal, such 'aé, for example, trianéles,‘qbaari-'
laterals, sqﬁares,letc. |
As a result of the features of qla{m 17, the
23lass does not modify the color of the Layerfi In addi;
tion, visibi[ity:through the-gLéss is good;.énd the
Light source can be kept Lless pqwerfut;

The features of claim 18 permit viewing, through

the glass body, without doubLe-rgfraction,_accompanied;



adds no color of its own, and which reflects very effi- iOciently. In

i on with the- features of clai.m20, the features of claim2l enablLe~
ption to be re- duced still . further, since the order number of
I s considerably Lower than t hat of S|Iver 15 . “In principle,.
-coul d al so be made, _-fgor. exanpl e, of polished alum nuni However,

NS PQl Vit ol W S Yol NhBsobbe GH! fodgvel op a vavy surface,

and the mirror Tenmains € supporting layer is conposed of an .

organic gl ass. As gd eﬁé’éiuﬁes; £ {:?QFHVW ehsGkal. %%3 el yerp ‘%S on the.

X-ray beam are reduced to t solute mninum The Teatures o claim23

al so ‘make peapasys £or £55 1 FRESL (FNGS! b¥tentBbion, forp%QQEhQE'bW%%s”ay be
" possessed by the |ayer, how | arge the neasurenent-spot i's, the size of .the -

through-bwas £leny Olod Co AB&E auﬁubr«;cahuetassassamntcoe&m@eseofract ors.
The feature of claim24 results in a magnification which can be achi eved by

" a nonocuﬁa:rrdnmd“mg:oueevmihwt- diféteyl tyn bandoi mhtihe thage jaf calm ch the

conversion cal - 7 cul ation beconmes particularly easy. The features of
o claim 25 prikewiese ee posgioctedyiof apsestiiopi nyet besbapgiibndi nal 7
geonetrical axis. through the point at which the cross-hairs intersect. For
an 5ai m ng device,The twatdre hofievbr imaPBopbemidssitblee prggucsdon,o use
concentric circles, or wedge representations, or other simlar reference ,
mar ks. us1ng a known manufacturing techn1que, of a mirror which -
_ adds no color of its own, and which reflects very effi-
1°eiently. | |
| In conjunction with the features of cLaimIZO,
_.the features of claim 21 enable the absdrpfion to.be re-.
duced stiLl_further, sinee the'Order number- of aluminum
is considerabl7_1§wer-fhan fhatiof.silver. -
15 In principle, the ﬁirror coQLd aleo be made, -for
example, of polished aluminum. However, if this polished
aLuminum'is very thin, it could develoh a wavy surfaEe,
-and the mirror remains stiff if the supporting layer fis
. composed of an orgaﬁic.glass. |
20 As a result of the features of claim 22 infldences
on the X-ray beam-arefreduced to the absoLute,mfnimum.'
The features of claim 23 also make it easy to estimate T
mentally, what peculiarities may be poeseséed by the
Layer, ﬁow Large the measurement—Spot'is, the size of the
25 through-bore, etc., or to make a subjective aésessment_of-'
these factors.
 The feature of claim 24 resulfS'in a magnification

which éan'be-achieved by a monocular microscope without

d1ff1cuLty, and’ in the case of which the conversion cal-




- ¥
L

. In conjunctlon with a sinple magnification factor - and” graduati ons which
‘are conpatible with the mllinmeter 10 system the features of clai N\

- pernmit_easy.cal cul ation of the areas in question. The features of chdint 27
~enabl-e. the nonocul ar mcroscope arrangement to be kept sinple. T (7S
‘monocul ar i ¢roscope is then f ocused.sharpLy on-the layer, without ol -

-15 lecting L@.nsaneiwcomJBeprweuﬁuFtﬁceaey the gl ass body can.-then be
=iviiewed, in sharp focus, using a Lens- el ement located in the optical path.

It gy al so possi bl e, TIE £ONESPest 8fCBOASA bhepeavival enle MRIsRGG iagusi-ng _
- the -monocul ar m croscope sharply on the |ower surface of the glass 20body, " - |
‘and then usigW posh vesgeng trestehgireatiha Lopdomnet® it@max ishame dughge of
the layer. Wth this Latter arrangenent, no operations for adjusting the
‘shar pness arehegeetsaryt betabsehalkrbbhe-Hasdtrandeseirseeltwed Forlamer surface
~ of Layer/glass body/Iens- el enent / nonocul ar micro- 25scope - are precisely
Known, in 2cakmieg dewvibe, catewolildubbourues ,pedsos biengolseibdredemerunber s,
-the probability of stinulation can be increased, by Large increnents, by
:means of thes§eatureseotontanhrdg. cirtlegh- ost andae cepreisentations, _
:pdssessing order nunbers in the -8- range, for exanple, between 15 and
.26, are conseUerEREr stitmikar refesranp mar Brom um or titanium these sub-
- ;stances exhibit an ex0|tat|on energy., B prOX|nater 6.to 10 .keV. If
‘“these substances are!%tFROUIUPELTRY ?/féé a55('51""°I‘n gﬂaéﬁ‘érfdfai’r“&ysf“tt%e'

ShonPil LY Sla'4HRASSERERE LREERSHE LS AT OLAR o RLAE, ther

10

system, the features df claim 26 permit éasy.caLCUlatibn
. 0f the areas in question.

The featureﬁ'dfictaim 27 enable the monoéuLar'

m1croscope arrangement to be kept s1mpLe.- The monocular S
m1croscope is then focused sharnl.y on the Layer-, u1thout a coL- .
15 Lecting Lens-elementﬂ The Llower sqrface of the glass
body- can-then.be yiewed,'in sﬁarp focus, us%ng a lens~’
'eleﬁent Lécated in the;opfical path. 1t is also posgible(
of_coUrse, ;o.choosé the equivalent méthod, fécusing the
monocdl'ar'm‘icroscope sharply on the Lower s_drface of the gléss
20pody, and then using a divergent lens—-element in order
to form a sharp 1mage of the Layer. With this latter
. arrangement, no operations for adjusting the sharpnes§
are necessary, because all the distances involved - Lower
- 'surface of Layer/glass body{[ens-eLementImonocular.micro-
25scope - are precisely known, in advance.
In the case of substances possessing low §rder
nUmbers, the probability of stimutationjcan be increésed,by

large increments, by means of the features; of claim 28.--If sub-

. stances of this nature, possessing order numbers. in the



.ahl ung spectrum contains nore | ow ehérgy conponents. It is, of )
SSI ‘ble to stinulate the characteristic X-ray resonance, and-thus
O

the {4 .-ence radi ation as 10 well, only when the stlnulatlng radlatlon

i s of hylgRef.energy than t he characterl stic radiation (fluorestence

radi ati O - It is thus inpossibl &0 stinulate copper by neans. of 8. key
radiation, rangee ifos exempdtei,obedneegy i Inkedh, Frstiomshdeoedyol t age of
50 keV woul d reduce 15 the probability considerably. = The greater the -
vol tage di fHePense Berwessmetie stahnAmiUMEP N i tan bimanthese sebnul ated -
radi ation, the smaller is the probabi]ity of stimulation, according to a
IamllnvoIvFﬁancﬁé gxhiibdtt. afo ks itat o %Wﬁf&%ﬁﬂacﬂpﬂh%*V%?Fabé 6
difference, According tqQ the features of claim 29, the de-

~ flecting rrFPréP e Vehe Iffi §'t"'-‘-°ﬁ Islﬁ’(srtaﬁ’l‘\ﬁes ehfoct b L 25ed SbY | PeBRS Used,

t hi whi | d t I X-
can sti11 BB BHF 608K SV Tits Rarha A PR 't%i HETo ot ht%a%%*c%?@% ding

. and 2515 aautagtyse reafmaa%%h St Mo 20k Ve BLE SGhoRT efsfol & O

egt,
this naturé n-t NE one 'Han 51ig en- atlon o‘f’ ght, which _

can, on thg.gp mgergm%gbgg;e&m aGﬂPsd goébfﬁérbfh@é?mg%%‘r%o” in’

t he shar pness l'utely necessary '? aratus

- 9 - The geatyregsofociraie LT {d é@ﬁn&!!%é tﬁ@CEhQF'é‘l:t@F‘;r’?t“?t: the |
~hol e being equar to the effective cross-sectional area, nean ng that a _

= _ conpar at i ngya§Wﬁ\|elso|i\Q|nQecarhrh:9 YHRE dHe tﬂQ:JTi‘é§@énce | fa@tBeRoangkes are

10Letl, only when the stimulating rad1at1on is of h1gher

energy than the character1st1c radiation (fluorescence

radiation). It is thus impossible to stimulate copper

by means. of 8 keV_radia;{on,.since ifs excitation:energy
is 9 kev. A stfmulatjon,voLfage'of S0'kev'uoula reduce
15fhe prbbability considerably. 'The Qreate}lthe voitage
difference bekﬁeen the stimuLating_radiation and-the .
stimulated radiation, the smaller is the prpbaSiLity of ' %
: stimulation, according to a Law involving, to a first |
approximation, the cube of the voltage differehﬁe;
20 . According to the features of CLafm 29, the de—'
flecting ﬁirror of the first'iltusfrétive'embodiment can
still be used, this mirror béing composéd of glass, while - .

despite this, lLow-energy X-rays can still pass through.

The coating of the mirror, the means for holding it, and

25

its manufactﬁre remain unchanged. The only effect of a
hole of this nature is, on the one hand, a slight atten-
uation of the Llight, which can, on the other hand, easily
be made good, while there is no reduction in the sharpness

which is absolutely necessary for adjusting the apparatus.



5used the cross-section of:-the hol.e nust- then be enl arged, in ordes
“ensur e that the X-ray beam generator still "sees" the layer. The djymes
a&cordypg to.claim31 have proved successful in .practice, and.prog
virtually no change.10 in the optical propérties of the mrror. The
fiéatures of ‘claim 32 enabl e the generqtor, which:is, in particular,

J-ray tube, to deliverryeryefspes agpupl aiaf 3b0We 800N nf 2Wiealcir@R s~
“Hin its ent1rety, the invention also enables an 15 accurate photographlc

recond to be m%kxfﬁnshaér§90&fOﬂhwhhsbetbe1n§asuuemembsthavefb@e&1ve

..performed.” The sane applies with regard to the shape of the through-bore,
t'hus eXC|Ud|rEbﬂJES{Eﬁ&tbﬁhatYaﬂéasubseﬂuﬁgttﬂ!&|Hakbﬁba$hﬂdw$Ly2QmaLt
Two preferred illustrative enbodi nents of.'the invention are now descri bed. -
“I'n the drawi ngioFé geare He shads anpehepm¢rrue.V|em/o&hhheae@ummeaapparatus
Figure 2 shows a section, in perspective, on the plane 2-2 in Figure 1, :
25Fi gure-3 skﬁwwﬁd»cﬁm@rannaSrseSE¢Dnonf pbepbrdec st ﬁbemh@epMmh;mgqn,-
Figure 4 shows the plan view of a glass body, Figure 5 shows the view:
_according to ttre erden Yoiensuperthat the. Xrgay Piegor @epediRws ﬁﬁélv+em10f

~a portion of the Lower surface of a Layer. which is to be neasured
"sees" the layer. .

: " ' . _ 'f o The dimensions according to ctaim 31 Havé proved
successful in practice, and produce vértuaLLy no change
104, the optical propeffies of the mirror.

" The features of claim 32 enab(e the genérator,.
which is, in particular, an x-réy tube, to deliver very
Large amounts of Low;enérgy radiation. l _
| : Iﬂ its entirety, the inventioﬁ also enables an |
“_-' .__ 15accurate photbgraphic record.td'be made of thaf spot'on

"which the measdrements have.been performed. The same
éppLies Qith regard to thé.shape of the thrdﬁgh-bore,.
tﬁus e#cluding the.possibit{ty of subsequent evaluation
.errors.' | |
20 Two prefe(red illustrative embodiﬁents'of the
invention are now described. In'fhe dbawingf
. Figure 1 shows.a.perépective vieﬁ-of the entire apparatus,
Figure 2 shous a“§ection, in perspective,.on the plane
2-2 in Figure 1,
_ 25Figure 3 sﬁous a diagrammatic section, pekbeddicutar fo
fhe'pléne 2-2,
Figure 4 shows the plan view of a glass body,

Figure 5 shows the view according to the arrow A in"

Figure &,



Flgur

e~ 7 shows a diagranmmatic plan V|em10f a second>type of di aphragm
devi c SFi gure '8 shows a cross-section through a mrror which is a- .
nodi fi ersion of the mrror according to the second |IIustrat|ve v
enmbod

A neasuring table 11nfossesses a casing 12,. of approximately-
rectang¥iar, flat-sided form +m@he front region, an upward- pointed

fl ange 1ﬂi@uoﬁeét§hvestkbalWjeMr@m|q$pqnﬂﬂnnsnﬁftn§aUﬁwetrﬁsrféamge havi ng
a rectangul ar outline. A skirt 16 fits bver this fLange 14, this skirt ~
' being integral wefhaalpyerrzomtigh gisatte bR measunrdcenter, the plate 17w
merges into a snaller, rectangular working 5 plate 18 mhlch proj ects _
upwar d, GWhoeRe BnSPPgsuﬁpéﬂa§JPmﬁaﬂdéePH%?[ﬂ¥ﬁﬂ5ﬂﬂ)ﬁtﬁﬁ?%@ﬁtbxpeand whi ch’
~carries a net- mork rect angul.ar coordi nates. Equidistant_ ruled |ines
19 run in the "X° dPF@BPW@ﬁm d‘éﬁhldlstant ruled lines 21 run in the "Y":

di t A th hal ded, . ext d d
it ough EH8YGAr B AOHRa o T8 i St 9 AMLORR S o2 ST L P hir i ve 23 i

provi ded, to the ri f ¢t en| nprt [ts 6 17 and 18,
mgQEfq AT R A Wtftf? %gnne ntcroscope

h
so that the morklng plate 1g dan Ye nnve

stage accordlngthg EQ%o%qug§J§é¥%t?U¥ edgogim%$purled screm127 S turnei'-_
| -

in the direc- tions indicated by the arrow 28, novenent  takes place al ong.
the double arrow 24, in accordance with the direc- tion of rotation. - | f
the knurled screw 29 is turned in €ither of the directions indicated by the

'arQOWIBId the wonkm@ssmhah@ k&bt@nwaspdggességmaciaéthd12¢csf0ns
I ndi cat e
: approx1mately rectanguLar, flat-sided form.' In the front
0reg1on, an upuard—po1nted flange 14 projects vert1caLLy

from its upper surface 13, th1s flange hav1ng a rectanguLar

outline. A skirt 16 fits pver this flange 14, this skirt

being integral with a horizontat plate 17. Iq-the center,
- "~ the plate 17-mergés into a-smatler, rectangular working
pLate.1é which project§ upward, which, on its_upger sur=
_  face, is préciseLx horizontal, and thch carries a ﬁet%
work of rectangular coordinates. Equidistant ruled Lines
t9 run in the "X" direction, and equidistant ruled Lin}s
21 run in the "Y" direction. An open through-hole 22 ts . :
20 proQided, extending downwards thrbugh the working ptaté‘ ?
18 and the plate 17. An X/Y shifting drive 23 is provided,
to the right of the assembly compriéing the parts.16, 17
aﬁd 18, so tﬁat the working plate 18 can be moved, in
the manner of a microscope stage, according to the arrows
25 24, 26. 1f the knurled screw 27 is turned in the direc~-
tions indicated by the arrow 28, movement takes place

along the double arrow 24, in accordance with the direc-

tion of rotation.



by-fhe arrow 26. Sinu[taneous'rotafion of the knurled 5 screws .27, 29-_
causes these novenents to be superinposed. By .this neans, the thraoug -hol e
22-/can he adjusted, in a precise manner, relative to a |ongituding N,
geometti cal axis 32, which stands vertically. Parts which span-t [
“tthrough-hol € 22 can be placed on the working plate 18, 10 and t hedefare
~t:hen noved, in the sane mg;, rel ative to-¥he | ongi tudinal geonetrical axis
¥32.. 1f the parts ardTsH¥ KHHt 8O %479 t 1 otyRnehel P nPOERAC hEFe 22,
“the Katter can be.covered with a suitable film for_exanple a pylar film ,
.and the smal ?hﬁaldt@e *d M RSO PY sty Tﬁ%\?"t%‘g‘y_ FFRe\M’%g%(B&rt i ci pate
i'n the novenent . of ,tthe working, plate 18. before, the spall rts can be
viewed from PHEEnIE i SRS t hED casi M 19F Aé'??‘lc%" fRet 199 ?Bdhc-g??d

m croneters I gk, ' rfect ans-.p . | e gion.of .the
‘wavel engt hs E’ tctﬁee ?‘.'*gﬁ*t"s 2358’ ?"M“‘IJ'E%‘?“? h'g‘;{se% 1e$'gf$£i Fr{‘)?. iéﬁ?{/?ef’hi s
constructi dhg\Mal,Gh 29as zhjaecrh.p{esscrg,péagei Il by refe : Lgures 1
and 2, has b;gn gnittéd fromthe nore siiﬁﬁ%ﬁ%ﬁ%ﬁs??a?%o%spgﬁﬁﬁgﬁgég3._The
_beam gener at BRg +h/iS! s , AN e MAVr SUD-Folt e 292 WA £ b PT 2dYG8T M FUSe 1 S
1'otated in the casing 12, at the bottom. Insofar as these” X-rayS energe
~al.ong the | opgietcidienalargraietrd (Gl 1 v 50 32, LéMGYt a8 enPET gebhetrieapass
-thfough a through-hole 34 in a false bottom 36, this hole being coaxial

Wi th the | ongixtisdi32gl wiwich 3rand¥ Iverticdlly. othertbeahschr epbalLdhback by
~the falLse bottom 36, which is Located above the X-ray tube 33. An
extensjon pi 4dbeough-hole 22 can be placed on the warking plate 18,

10

Snd these are then moved, in the same way,'relative to
the longitudinal geometrical axis 32. -If-the parts are
small, and would fall thr?ugh the through=-hdole 22, the
Latter can be covergd.with a suitable film,-for_exémpLe
a mylar film, and the'smalL'parts are pLaced-thereén, SO
15 thaf tﬁey likewise participate in fhe_mo@emént of‘the'
wdéking-plate'18; As befére, the small parts caﬁ be
viewed from the interior of the casing 12, sincé the
. film is 4 - 7 micrometers thick, and is perfectly trans-
parent in the regfon of fhe waveLengfhs of the Light.
20 ' For the sake of simplicity, this construction,
_yhich has been described in detail.by reference.fo Fiéures
1 a;d 2, has been omitted from the more simple iLIJJsfrafion in
Figuré 3.
The beam-genérafing system of.aﬁ'x—ray tube 33,
25 which produces X-rays, is Locatéd.in the casin§ 12, at
the bottom. Insofar-aé'these X-rayé emerge.along the
Ltongitudinal geométrical axis 32, they are perﬁitted.to

pass through a through-hble 34 in a false bottom 36, this

hole being coaxial with the longitudinal axis 32. ALL




‘37 is seated on'the false bottom 36 and, coaxially, on the through-hole 34,
this g enS|on pi ece 37 belng com .5 posed of concentric, ring-shaped U
[ . One of "these ring-shaped pieces of tublng possesses a

| in which a shaft 39, carrying a Lead ball-plug 41, is ’
rmu'nte ~/n a nmanner such that its Longitudinal geonetrical axis |ntersects
“the LongitudinaL axis 32. 10 This B& - plug 41 possesses a through-bore 42,
whi ch, inatfepdz¢amonaneabal inberkuby $he|§aé§3xh@EﬁMMl$&Auﬂﬂxﬂtutud|nal
axis 32, and hence allows the X-ray beamto_pass through, in the UpwWar.
direction.is A&P%Te?%t?h@"te?ﬁ? lB"PZ AubachBéd t At e temarion3 P iesg ernal Ly .
with 15 re%pect to the casi ng I n

oper ati ng vkt #83ted |ﬂ“tﬁEepSQ?'PFoH°aF8\Wn3I6naP| gurc@ax 1 aliy 4 Mough- bore -

- 42 Li ith th L .32, d ts, the X- b
Rl 1 R T L I R TS R P
Figure 2 94t b{;oken Li Pes . t he,shaft .39 has Q bee rot a.t ed t hrough 90,
accordi ng ?%e dotdT &% A f 0% 5?139t ﬁeaf’ﬁroﬁdﬁcﬁgré’ flﬁ ' N%catdf at
Lontanglese (L BXhg-dRapBl bhakegoo¥: 5308 BeAS sk d E dlldy g 41

As shown in Figure 2 pi ece 3 are u0| ng

piece, i nt%mwpefntunvkﬁrapgﬁset%g Whi; 9%1%90%&43% Wdhd&ig

.Longltudlna axis 32, Is sliced-off, il its Uppér regi on, at an ‘anglLe »
. of 450, angh | hes em@nte8s anh’ hEhnd® wﬂlcﬁhtfhtar%ctﬂt%n&dddeMai | bl e-Li ght
. region. This mirror is conposed of an acryLic gl ass

geometrical ax1s intersects the Long1tud1nal axis 32.
1G&h1s-baLLépLug 41 possesses a;through-bore 42, which, 16 
the position drawn in Figure 3, is coaxial with the

Lopgitudinal axis 32, and henfe allows the X-ray beah to

pass through,_in the-upward-direct{on. An operating |

lever 43 is attached to the shaft'39, externally.uith.
15-r'espez:t to the .casing 12, in a manner preventmg rotatwn.
- When the: operat1ng Lever 43 is in the pos1t1on drawn in

Figure 2, the through bore 42 is al1gned with the long1-

tudinal axis 32, and permits the X-ray beam to pass

through. In the position of the operat1ng lever 43,

]

204rawn - in Figure 2' with a broken Line, the shaft 39 has

~ been rotated through 9D°, accerding to the double arrow,
and the through=-bore 42 is located at rightanglee'to the
axis 32, so that no X-rays emerge via the ball-plug 41.
As showun fn-Figufe 2, the tubular piece 38 emerges, after

253 reducing piece, into an upper tubular piece 44, which
is coaxial with the longitudinal axis 32, is.sLiced¥off,
in its ueper end region, at an -angle of'45°, and there
earries a mirror 46 which functions in the visible-light

region. This mirror is composed. of an acrylic glass

a manner preventlng rotation. When the




2 13 - disk 47, onto the rear of which an al umi num coati ng 48 has been
-vapor.-deposited. The mirror 46 cannot nove, i.s inclined at an anglLg
[err], and the Longitudi-nal axis 32 passes through its center. The
- 46 is-§l%a in- 5clined,” at 450, with respect to the Laongitudinal axi\g
-The X-rays pass through the mirror 46, -w thout being attenuated, and
-¢ontinue along the |ongitudinal axis 32.13\1ﬁ aphragm device is installed
ii@bove the mirrddiss, 4hccent®efhenbrrsoff akhy cindnpet paridiugulcod tida He
- Fongi-, 10" tudi naL axis 32, of. which device_only one glass body 49 is
_illustrated, fdt®%mReeALRRBPrSARBPEEFEY:. ThesMIrass Bdy angotomsysed i
_Fead crystal. Jts height is 6 itg width is 1 and its length is 50
mm It has a vEIS'HIRR Eaﬂ”cﬁagLﬁt9§ FPS'uﬁﬂgr‘gﬁrgb@§’§fﬁ’§iﬂl§H€5115 _
- 'paral l'el with rgspect. to [is. |ower, surface 52, _and these rf,aceg are
jperpehdiculart%?t%%;f%%g#éﬁﬁPﬂﬁf15§i§e§ ?rTheTﬁﬁp@Pr§8ff§ e?énéiﬁﬂaﬂTﬁer
.surface, 51 an re_grpead and, palis . «nThe g Jd.tself is . '
. transparent, tﬁ%ﬁﬁh?gﬁnﬂgtggn’o?q?Repé%égggetPigﬁf ggiﬁdt%§§ﬁaéiﬁﬁgf fﬁﬁnd
the view throu _ S y LS RNOH oS WBJ di; IO, s e glass -
botly 49 is comﬁ%tﬁ?*ﬁmp??gtfﬂ?ggéa (reggt gﬁéﬁﬁgr t"gt'r i“gts',‘q%",to_%zf.‘_'.@;e S
‘end-face 56 of {fedlidt®dp3ah8 VYbHEInBEALNSh! RACNENAGR ST A v HaI P
54, A gap, which may under sone circunstances' form25between the .
end-faces 56 antl &Vaphpsgn wedibeOfis| easthhard0.aboVieC ttEeWETr o rAl4dl0Ugh
" X-rays may be able to pass through this gap, the proportion which does so
is neg- ligibl eacBefatelyhkosticbpsadle wndngerpgaidieularhrtaugthe Longi-

10¢udinal axis 32, of which device only one glass body 49
ig.illustrated, fof the sake of simpiicfty. This-glass
body is composgd.of Legd crystal. 1Its héigﬁt_is 6 hm,
jts ufdfﬁ ié 15 mm, and its length is 50 mm. It has a
very”high Lgad cﬁnfent. 'Ifs upper surface-51fié plane-

15papalleL with Eeépect_to its Lowér surfaﬁe 52, ana these
surfaces are perﬁendicﬁlar to :he Longitudinat axi§:32._

--The.Upper surface and the }owerléurféce; 51 and 52,.are.
ground aﬁd poiishéd. The glass jtself is'transparent,
fhe attthation of the visibLe Light being negligibtg,

2Oéﬁd thé view through the gtass:body.49 is nof subjeﬁt to
distortion. fhe'gLass body 49 és compbsed of two flat-
faced reétangular strips 53, 54. fhe-end-face 56 df the
strip 53 is wrung against.the end-fa;e 5?'of-the étrfp
54. A gap, which. may under somé circumstances form

25bétweeh the end-féces.56 énd'57,.has a width-of less than
0.1 miprometer. .Although X-rays may be able to pass
:through fhis gap, the proportién which does so is neg-
Ligible. |

- Before the strips are wrung together, through-



hores 58, 59, 61, 62 have been ultrasonically machined into the end-face
56, tReBe through-bores pos- sessing,.in the assenbl ed ' ’
constﬂqv rectangul ar cross- sections of various sizes,-and running
precisely parallel 5to the Longitudinal axis 32. Half of a 't hrough-bore
63, which has a circul ar cross-sed#ion, is machined into the strip 53, and
its ot hePOR&St 58s Hohibled Gt ettt iyl t sasontpal bpampahioedt he .

" through-hores, 58 to 63, consider- ably exceeds the typical width of the
X-ray beAPtRhithg f@Fhﬁ?%ﬁ(Nﬁﬁthetmﬁﬁgltuﬁhnaushxbgrss abovBOEhe mirror {46.

I f, therefore, -the longitudinal geone rlpal axi s 32 runs through the -
t hr ough- B8 & 188~ St i ﬁiﬁﬁﬁgi #% Yh%n{hY%ﬁbﬁ"%BFér59'°aﬁd the sane

; hold d th | t h th
Do BoRdeh3ort"SAMINEIL S00kAs MRy Aonmingpuft iht B RarSIFRLe. e

this NOSEGT tRE! RBnigidill dn ! LAHP G4 0 ;.;?Hdgf o s #ELGRCBR Qo gRYVEd
3 as %y

ri ghtangles to the Iong I'tudi nal axis ' hdf cat &4 RES d8 Bl e arrow

66. Thewﬁhhﬂehgﬂ bScQWé#¥¥?K¥VB§Ei§¥% onﬁhe Sf§§29éié bl optail. The

i bed 67 is rigidly attached to the casi ng. rlven by neans

. _of a miceerapessdriae WY QtHer GPOSEY .ﬁfch@néoot%vokeﬂb 68,1 shaft 69,
[err] angle- drive mechani sm 71, and a shaft. 72, the latter being connect ed

. to the 258Li dah@d spalapRNd MG K whveddg- E&ﬁe§9t98YtKn9? 68ohsiligroed to
the Left, or to the right, the glass body 49 noves to the left, or to the

right, aablydeaa@e@sbﬁﬁdu&xhidﬂEamﬁdtﬂvaﬁntﬁecmﬁrbg seen - uﬁ1Ehgure 2, and
dependiag on the .extent to which it is rotated,. one of the through-
runs along the tong1tud1nal ax1s 32 above the mirror 46.
If, therefore, the long1tud1nal geometr1caL axis 32 runs
through the through bore 58, noth1ng passes through the
through bore 59, and the same holds good for the analogous
pos1t1ons.
15, 'lAt-its periphery, the glass hody 49 ie seete& in
a holder, in a manner thch is not %LLustrated,'thie
holder heing rigidty attaehed to a sLidei64, which can
be moved at rightangles to the Longiteeinal axis 32, as
indicated by the dpubfe.arrow 66. The stide 64 is.guided'
205n a bed 67, by means of.a-suaLLoutail._ The bed 67 is
rigidly attached.to:the cesing. 'The sLide-64 ts'driveh
by means of a micrometer drive, uhich:ie_compesee of a
rotary knob 48, a'shaft.69,.a 90° angLe-drive mechanism
71, and a shaft 72A the latter being cbhnectedlto the
255Lide 64. Depending on whether the rotary knob 68 is
turned to the Left, or to the right;.the glass body 49
moves to the left, or to the riéht, as ihditated by the

deubLe'arrow which can be seen in Figure 2, and, depending

on the extent to which it is rotated, one of the through-

e

rated,

d

-




+15- bores, 58 to 63, can be brought into Line with the longi- tudinal axis
~32. “The through-bores 58 to 63 are arranged on a |ine which, in.f O :
-BLLkemngﬁ\passes through the Longitudinal geometrical axis 32.  The {f
~of theibglLass body 49 is rigidly attach d_to a Z Shaped angle-. se

s £0.1hi fion,
s a2 e el 20 ah ead? Rl Bl bRofNE JREoL 4 o] e VY e - ©"

Lifer f d pl f I t h re
Phr ogh- bor estoSy#LOERTETSE: ThRnRNcobBRR0ERe o8 5" 6 arte e b

mBnneF such tiata {1 £8NRRY cHDVEWrhBe! CTAREY 510 tptaeaees'twougmst geader 77

- [possessi ng, on one si de, Ianps and ot her sensitive

~diodes.- The u,&%ﬁtm pslheésﬁeamsedednst Bes p%@ S‘\to'l%rl%f”t

. r.eadi ng- out  of i ch of the through-bores, at that partlcular'
monment, in Lbgiea#é thodnesd ongi t-ug1dL9ahtulcae32tol Bstze‘-%@ta%feot W d@-ary knob
68, mhlch can be oper- ated w thout any further acti-on, another "enbodi nent
.i:n- 20cor por st est tosCT Ry beathubi shpeamobatedgepaadd 7y, MuaRg hofi 2 coheci al
.key, so that, once having been set,. the gLass body 49 cannot be

-r;€posi tioned wigthaditte tMlshenghansputabnon1n A mmmadghartmn@uoaempetso -
.arrangement 78 possesses 25an eyepi ece 79. -The associ ated housing contains:
-4 de- flectirRgmoved withuhhehgtandsboHy AQys Fhiksi gletrfowiteld arlatee
3hor|zontally, to the eyepiece 79, and to the eye of theobserver. An

.obj ective 82 7% Restesies a4 PﬂéyhbﬂﬂzénFéIOFu elpér@ﬁoﬁhsﬂetWQEHDnocular

n1croscope 10 through-bores.

A reader.77, which functions optjcally,
is installed in a manner such'that it cannot move with
respect'to the casing, thaa reader 77 possessing, on one
side, lamps,.and, on the Other side, Light-aensitive “
diodes. The L1nes 76 of holes are coded, thus perm1tt1ng

- 15‘the readlng out of uh1ch of the through-bores, 58 to 63

| -at that particular moment ,1n line with the Llongitu- :
) d1nal ax1s 32. |
Instead .0of the rotary knob 68, which can be oper-
ated without any further act1on,.another embod1ment.1n-'
'-20horporates_a screu-head.which can_be'operated by means
. : of a special key, so that, once having been set, the
glass body 49'eannot be_repcsitioned without a'further.
manipulation. . |
‘A monocular microscope arrangement 78 possesses .
25, eyepiece ?9; The associated housing contains a de-
tlecting mirror.81,lwhich sends the rays of tight,,which
arrive horizontally, to the eyepiece 79, and to the eye
of the observer. An objective 82 is installed in the

horizontal tube portion of the monocular microscope. .



; “arrow 91, Tﬁsﬁ'

arrgngenent 78, at the inner end of this tube portlon If a

_ W ng lens 83 is pushed in front: of this objec- tive 82, the Lower
-‘5? rcorporated Sinto the nonocular microscope arrangenent 78, these.
cros¥-haits 84 i ntersecting, at- -tHe point 86, in the center of the optical
axis 87 oidrtéegemenculdl aitCrheCdpe ear ledjaferth 8. tube pést hexii zont al
region, this optical axis 87 strikes the Longitudinal geonetrical axis 32.
Above thelpoantohtevhiiop tLileesoBSi dal passihe dB 7 rs tir deets dhethd s rob j 6+ t hewt
optical axis 87 runs precisely in the |ongitudinal geonetrlcal axis 32. 1If, :
accor di ngt yyetde,i hher $eweirosupdiante 5@ off tthe @losss hmdy 8% is |located, as’
~shown in Figure 4, at the center of the through-bore 61, the center of the -
bundl e ofseenajn Eharpkénicys - Lo&dwoss -ihe itnse &%r@lﬁgtﬁ‘lﬁﬁe‘lmormdatedl s
certain %hat X-rays are now passing through the entire cross-section of the

. t hr ough- bﬁé°61heTH8“86PFé€tPﬁg'ﬁéﬁ§953%ﬁﬁﬁﬂﬁﬁﬁﬁﬂﬁi(ﬁﬁlﬁﬁﬁ%@ 20whi ch can

be noved at ri ght angl t.o the optlcal axi as indicated by the double ;
Ba’ag 53 \M?ltc?ﬁ'se§tr "G-diaF dt s’\eacpr?e‘d‘t( oS‘the"baE'P%g In one of.
its posi-

t | t : ) £ :

initsrig ﬁ? ﬁﬁna ggltl Céécgﬁﬂﬁ%z4§3$§dﬁf;@§%gﬁy ar $1cr$i'$?§ac 've
t h t |5 f I .

ar r angoncht 'c'%bg@eghcﬁsf LR Bt A ddle RO In B ASBEORE o on”|

the workingiplgpesiBikes AW ITAGEEud haANYddaitfoal Cixfheseye of

10Above-the pbint at which the optical'axis'87'$trikes thé

mirror 46, the optical axis 87 runs precisely in the

Longitudinal geometrical axis 32. If, accordingly, the

intersection.pdint 86 of the éroés?hairs'84 {s Locafed,
" as shown in Figure 4, at the center of the through-bore
1561,,the.cenfer of the bundle of X-rays is Lfkeuise Locate&
in the through;bore 61; -and it is certaiﬁ that_x-réys

are now passing through the entire cross-section of the _. ;

through-bore 61. | . |

- The colLectingllens 83 stands on a.cdlumn 88,

20uhich can be moved-at éightangLés to the optiéa( axis 87,

as indicated by the double arrow 91, in a guidé 89 which

is rigidly attached to the casing. In one of its-posi- ' ;

tions, the collecting Lens 83 is act1ve, while it dis 1n-_

act1ve in its right-hand position accord1ng to Figure 2.
25 In its inactive position, the opticat system of
the monocular microscbpe arrangement 78His'such that the
Lower surface 92 of a Layéf.93, resting on the working.
plate 18, is now imaged, in sharp focus, fo} ihe eye of

the observer. The distance between this layer 93 and the

d/ 52 of the glass body 49 is seen in sharp focus. Cross-hairs 84 ared



“the observer. The distance between this |ayer 93 and fhe - 17 -
“body 49 is sufficiently Large to prevent the through- bore int
" budy 49, which bore has been set, frombeing seen, and it is I|i
" Longer._possi bl e“to see‘the end-faces 56, 57. 5 Alight s
énpl oyed for illumnating the Lower=ski#face 92, this light s urceh
knstal | ed, 'rgbiiﬁwybat’_t/a&ﬁedst gufid cigatly @T@sHinhird§ Vst tﬁh"e thr |
*thr ough-hoLe 22 from bel ow, as shown ,in Figure 3. Fiqure 6 now sho t he
- crosg-hairs Bareoniphiheoslaner PogYr 40e. WP BRE iebo?f'bo?%ft’ 86" How
.indicates; once again, the pqsition.of t.he center of. the X-ray, be On-.
‘fhe axes, th%e?:?%ségﬁai'réng4-1ﬁa\7§ r’%&']'é'ﬁeor?s" g2y pﬁsnsc%g'ﬁ'uet‘gu i ne 96
of the through-bore 61 has.preui ously been seen, it is also known, on
_obser vi ngt hegFSV\EPSsS?F&%Sé’QS}'t hat the outline of the:X-ray beam
accurately gorres- pgn ) tlgi,n | L Oihr I
di mensi ons %f t he regi gﬁgtg% \%E?Jcr%%t r?é’ ﬁ_s?%y@%dl nnfc%:'tjgirﬁ.ﬁggnn%gmn%asured
with the aid r I-QN% 595, L3 cd S BEDON £z DEed
-accurately dgﬁlgngg.gs%%q%ta& S)z'g}hethﬁa&‘;elr“r%gte%e/ﬂnecc%s X- r_ayszack agai nf .
Wwhi'ch are regepyadybyta aRh@RORl @M -daihFOWHEIsH WD 7intibi the i s -
.screened in the forward direction, with respect to the diaphragm device, hy
neans of a sereelgl8hollrs2Rad rafm reddwl s tdteodmrughigpores3at fi xed
‘oCations 25within a glass body, it is also possible to.use two dia-
phragm hal ves, 99 and ibQke shirow axrteous kigve ser cosipostds 084 a ghatkewhich is
“transparent ;to visible light, but which ' '

: OLower surface. The intérsection point 86 now indicates,

ébgﬁﬂng'

once again, the position of the center of the X-ray beam.
On the axes, the cross-hairs 84 have graduations_95, 90.1
Since the outline_96 of the through;bore 61'has ﬁreviousty.
b.een'seen, it 'is_aLso known, on _obsérvingthe lower surface
_1592, thét tﬁe outline of the X-ray beanm adcurateLy corres=
'ﬁoﬁds'to'the outline 96 sﬁown_in Figure.é. The.diﬁensions
of the rggion‘on whicﬁ the X-rays are inc{dent Cén be
. me§sured with the aid of the*graduétions.95, and, moreover,
this region can bé accuratély_defined. | |
20 . The lLayer 93 refLecfs X-rays back again, which
~ _ are.recgived'by a proportionaL-type counter'tubé 97,
| . whictch is screened in the forward‘d{rectibn, wifh respect
to the diaphragm device, .by means of a screen 98.
Instead of providing the through—bores at fixed_tocations
25withjin a glass body, it is also possible to us_e.two.di.a-
phragm-halves, 99 and 101, which are Likewise composed of
a glass which is transparent to vis{ble_tight, but_uhich
is opaque to X-rays. The diaphranghaLf 101 is located:

above the diaphragm-half 99, and, in particular, with a




ar o tmemegeadm, el

0 X-rays. The di aphragm half 101 is | ocated above the

I s opag

di aphr &l f 99, and, in particular, witha . - 18 - cl earance which.is |
smal L, ich is sufficient to en- sure that, on being noved as N
I ndi'ca t he double arrows 102 and 103, the di aphragm-hal ves 99, 101 do
not "scr’ jai nst one another._ @8 Lheir nutually adjacent 5sides, the

R hal 9 S V-qnﬂp LUt ot s, | pear .. _
antiparal I éﬁﬁ‘gré‘“i&mgr %?%ﬁ L\Ni t rg"g.'pq'e%{ f{) %u{(/:@e*n(fc?%'lﬁlppfgngnlm. As a
result of apbipanal ek Y ‘ ol Is I , 101, thegi
through-hgﬁgglgggﬁéwoﬁegghggplarger%ﬁ tﬂgﬁf%fgﬁkffﬂ§#§oa§§?9§he.

i ntersect| [ 0fy migh | agal pi 4 SHaF i | i Ofjot :

- through- hgrgo%Sanggﬂdi ﬁgﬁ"r om t h@ {:Bcehnigr% pl anis 2%57'. }Iﬂ.ﬁ‘!t ?snrgr%mner, it
i's possibkerbpePagdine tr ¢ Aot HEAdeth S o £r OMit48E6y adif atBRtV-shaped
cutouts 104 and 15 106 are not right-angled, but are acute-angled or :

obt use- 2sgbed,Ctiheuiddaphiregui-hOlitds 5, CEIM t3ess dss proshspdd. | f only one |

V-shaped cut out 104 is provided, and the cut- out 106 is nmerely a straight :

end-face €@86ut'sy’ whiichutappear iantipargpossi bdred taréosymhet angbes of _

di fferent geo- 20netries, the central plane 107, through which the |ongi-

t udi nal -geotbt riesalecaxite I cantr Passleane alWays deiagredvel profictpal pLane.”

The invention therefore achieves-the object whereby nerelg very small - .4

masses nedftigaga lidledovane sl ddh e 1 DiaRh ragn tmatves gh%acdliacy s -‘

mai nt ai ned, even ov%r the |.ong service Life of the.apgara{us; )
~ the through-hote 108 now becomes targer or mallier, with-

10

5

out the intefséctidn poﬁnt of the éiagonats-of.thé square.
outline of the thfough—hole 108 departin§ fro@ the central

‘plane 107. - o

In tﬁis manner, it is possible to produce regularLy

graded square outlines. If the v4shaped-cﬁtout5'104 and
15105 are not right-angled, but are acute-angled or obtuse-
'.éngled cutouts, rhombic outlines can.fhen be'proddcgd-.
"If only one V-shaped cutdﬁt 104 is provided, and the cut-
out 106 is ﬁe;eLy a straight end-face ¢180° "y” cuféut),

it is then possible to form triangles of different geo-

20metries, the central plane 107, through which the Longi-

«“

tudiﬁal geometrical axis 32 also paéées, aLwéYs being the
brihcipal plane. | |
The inVention therefore achieves the object
whereby merely very_émaLL masses need to be moved, and
25moved slowly, so that high accuracy is maintained,iéven
over the long service Life of the apparatus.
There arelno étops _uhich can wear away, no

mechanical shocks, and no additional holding devices,

springs, or the like.




There are no stops mhrch can wear away,- no nechanrcal shocks, and no - - -
‘addi ti onal’ hol di ng déevi cés, 'springs, or the'like. - 19 - In t he case
ﬂthgzsecgpd i l.lustrative enbodrnent Figure 8 clearly shows that the ;,
46 js gomposed of a,body 109 ‘which is made of an i norgani c gl ass, ahé[
which a coatiing 111, of silLver or alumi num has been vapor 5 depositefD:
;through hole 112 mhrch has a circular, cyLi-ndricalL shape, is nmachi ned
w#he mrror- 46, co- axially with the Poﬁgrtudrnal geonetrical axis 32, .this
“hol e,112 having.a di ameter of 1 mm  Since the mrror 46°'is located at an
angl e”of [err] withINedpecicaseo athdhorfficond tidvirayboreenbedinents 32,
- the through-hole 112 is, in turn,.located at an angle of [err] with respect
to the. mrfoPYEs. fﬁéaféﬁtéWQﬂstqﬁ?ﬁuﬁﬁﬁ Wﬁﬁﬁﬂﬁuféﬁ t heo R 8Eho Fhol e
112 is Iocate poi_nt where t ngi tudi nal geonetrical axis 32 and
‘the opt.ical ® g?? 8§B%nteﬁ§é@t slﬁan e T HY ﬁ E hBt289422890°8F 20 have -

an . elrptrca li.n n |y qutli ne. der, to_ensure Lhat
~sufficient Fo&r—g‘e”ner%’oa&ad% tﬁgrf g’ggssés"va 'bn°gf tahleu'f_ 'Hb’f‘[ LMP € ge?ﬁ?et rical

axis 32, tfsﬁe EQ¥ethbe Bgthrlr%;sggf-gﬁﬁcegs y'.r "M‘QOX" &ffeu@&-,

.Nbr eover , r ough- hol y no scatterrng’of the

‘X-ray beam g4 aqi T e S e t t ul d al so
enabl.e evenhgrralhluzrl c?ﬁr %&Sr?ebo?es: 58, 5“946 gﬁlﬁ{%; N%Sﬁm ‘g‘lenggﬁr e€ed The

“smél | est of akhag@ybarieh el ddﬁgerrt@mrbegeérpétﬁﬁc%asrm@ 3@ Og RPs M
bore whi ch woul d t hen enabl e neasure-

hole 112 having a diameter of 1 mm. Since the mirror 46

is located at an angle o% 450 with respect. to the_longi—
10tudinal geometrical axis 32, the throuéh-hdlé 112 is,'ip
furn,.located at an angle of 45° with'respect to.thef
. ﬁirror 46. The center of the upper openjng of-;he-thropéh-
._hole 112.is Located at the point'where-the LloAgitudinal |
geometrical axis 32 and the optical axis 87 intersecf.
-_15 _ The througﬁ-héle 1T2 can also have an eliptical
outline, or an polygonal outline. .In.order to:ensere
that sufficient Low-energ&_radiation passes alone the
longitudinal geometrical axis 32, the x-ra9 tube 33
possesses a Eeryllium window 113.
20 Moreover, the'through-hofe 112 produces abserdtely
' no scattering of the X-ray beam in this region. The
seeond illustrative embodiment could alse enable even
smaller througthores 58, 59, 61, 62, 63.fo be achieved.
The smaLlest'of these bores could then even be, for
2%xample, a 0.05 mm bore, which would then enable measure-

ments to be performed even on tiny objects.




nepts.to be perforned even on.tiny objects. 1. Appar atus for

the thickness of thin Layers accorq__g_LQ_Lhe~X—Fay—fruorescence
with an X-ray beam generator which enmts an_ X ﬂE E@Sntalong

al geometrical axis, th tabl e de ﬂ “M‘ port for  a-
h I.s, t:0 be nmeasured, \M'th:-&dr‘aphragmuu““ gl

o(;aﬁﬂiqgrual mhlch absorbs X-rays conpletely and possessing a
through aperture whi ch can be brought along, into the Longitudinal
geonetri cal gxrs with a g ?ource for visible Light 10which can be .

directed ontd "the pos‘l‘t?%‘ha Ré Eﬁﬁér"r\k{’l‘lgcﬁhles 4o PP fensef etihini t h a '
nmonocul ar 1,0860pe arran f I ew ng that region of the Layer
i S e

i-'thCh t he X—ray“beaﬁT%ﬂI% i tHQﬁf%ﬁ?W%ﬁ Wh‘?ﬁepbﬁtlﬂth
ayer Cth s Andar WA G EEPEE R B BT R o TP it catons

Layer, this measurifg apparatus ¢o

t he d|aphraggtQ%de%d§1ggpp§§§geoF 2,9l ags Jwhi Gh | k%htngbagarentﬁgoGégflb;g

light, and either ‘possesses Severa rough hores

of differondesesaaeeid ot 9opaTLEYypaed, 3" B WDV I @y mpEEL SUCh

that one of the through- - bor es

times, in |iaq.awhidsdmesd 9ngeé | Ugbﬂﬁhsgeo%” 'nq:qla LQ)S) o4 %)mgfepﬁﬁ. a

through bore (108) of vari abl € size in sald axi's (32),
which absorbs X-=rays completely and possess1ng a through-

. aperture which can be brought along, into the_ Long-1tud1nal
geometrical axis, with a Llight source for visible tight

1Owhich can be-directed onto the position for the tayer
which is to be measured,.with 2 monocular mﬁcroscope
arrangement for v1ew1ng that regton of the Layer on which
the X-ray beam falls, and with a defLect1ng mirror ih the
optical pafh between the monocular microscope arhangement

and the region of the lLayer, this measurtng apparatus

comprts1ng the foLLow1ng features:

L]

a) the diaphragm device is ecomposed of a glass which

is transparent to visible light, and either possesses

several through—bores'css, 59, 61, 62, 63,),

wh

20 of different cross~sectional geometry, and can R
be moved in a manner such that oﬁe of the throughl}
bores (58, 59, 61, 62, 63, 108) is, at all times,
in line with the longitudinal geometrical axis (32)
or has. a through—bore (108) of variable size in

25. line with said axis (32),

af all =



21 b)..- ~~ the deflecting M rror (46) is conpose +i-al  whi ch,

_Th\préCticaI ternms, does not ab- sorb X-rays, a ' i nal -
geowetrical axis (32) passes through it, 5c) rﬂlﬂ"ﬁmﬂﬂgmﬁﬁm Cr 0SCQ]
ar fangenent (78) ‘forns sharp images  of both* "t he Wi it dev]
(49) and the'region (92) of the layer (93) d) an ai mng device (§
5 provided in the. monocul ar mcroscope-a#¥angenerit, the ainming point {86§
Hf 10 . t Bds devi cth¢ ndefbeeting mheresndittidiisale ogueraad of cal  axis-
(32),\Ln the optical-path direction (87), that is to say at .t he point
where the Longitudinal gevhett?kartaghs (82prpasded Ut Hrequgh tdre detdbcebng
mrror (46).. 152. Apparatus as claimed in claim1, wherein the glass
is |ead gl ass. 3. $OpRrat i3y as 2ndi fBe itAnaldivdine Wweseiet theahlass
is flint glass. 4.. Aggargi% s as claimed in clLaim1, wherein the 20
cross-sectional geometry?*}5° rEe€AnBAFAPS £RECY8fed trei ng unequal . 5.
Apparatus as clgined in claiml, - erei,n the cross-sectional try is
‘square. 6. mﬁbparatugh%sm%TgfﬁghriH’fFSFﬁPfF WW€EQQ?W?Q§-9$ng¥°PMS :
.2bcross-sectional ge'orretgp(éi s circular. 7. ¢ h Aéj_‘gar atus as.clained in
metry ¥

‘cLdi m5; wherein the cross?SBcti dR&PGeo pr oX1§mat €13Pbrasge o. 2 m

‘and/or 0.6 x 0.6 mMmand/@r, 4.2 ¥4y 2,0 +Re regiodw¥¥yfﬂ&@ EFEC{§§QPd(5§)J

.clagim4, wherein the o
" d) an aiming device (84) is provided in the monocular

microscope arrangement, the ;iming point (86) of

10 this ‘device intersecting the tongitudinal geomet-

rical axis (32); in the optical-path direction
(87), that is to say. at the point where ‘the

longitudfnal geometrical axis (32) passes through .

the deflecting mirror (46).

152. Apparatus as claimed in claim 1, wherein the -

glass is lead gtass.

7; 3. Apparatus as claimed in claim 1, vwherein the

»
-

gLass_ié flint glass.

4, Apparatus as claimed in claim 1, wherein the
) 20 . ' . - . .
PR cross—-sectional geometry is rectangular, the sides being
unequal.
L) : - . _
5. Apparatus as claimed in claim 1, wherein the

cross—-sectional geometry is square.

6. Apparatus as élaimed in claim 1, wherein the
25cross-sectional geoﬁetry is circular.

?.. Apparatus as claimed iﬁ claim'S;.wherein the

cross—-sectional geometry is approximately 0.2 x 0.2 mm

and/or 0.6 x 0.6 nm and/or 1.2 x 1.2 mm.

8. Apparatus as claimed in claim 4, wheredin the



H

part-qgl
machined, starting fromat Least one of these end-faces (56), into the

- 22 - cross-sect onal geonetry is 0.4.-x 0.2 mmand/or 1 x 0.6 nn} and/ or

Apparatus as clainmed in cLaim 1, wherein the" dlaphrggn1deV|ce
gui ded in a manner permiitggig.it to be shifted precisely’

Per PNyl - d dt £ 116 40Nk 5m b £, N B507RL b1 53hnckh /632N 118 blng

Apparatus as claired in cla-ns 1 and 10, wherein the dlaphragn1deV|ce (49)

is gui deGhd/prd ENEr1 pergpiting-it to be shifted in a straight line 124
Apparatus as clained in clains 1 and 10, wherein-the di aphragm device (49)

is guided in a MPEerfaPes MétL0giREAt fhi GLaih36, whefRAWN &hes as clainmed in

one or nore of the pre- ceding clains, wherein the diaphragm devi ce (49)
i ncor- poredisesadtiatst jeomptry- §5agsBsma53nd34), 0Q8e mandnideea (56) of on
part-gﬂé;;s (53) being adjacent to one end- 20 face (57) of the other

$ (nbwl)andvhalr iheBemmn t he t hrough-bores (58, 59, 61, 62, 63) are

‘part - gH&bses (FPpBUItug 4as claﬁppdranuslaSMCnalMberﬁnncu&mn113 wher ei n

the 25end-faces (56, 57) are straight and flat-faced,- and the gap present
betmeenQNﬂPQﬂﬁFWa%%%’%%G“S?)’&IBBméeén1QHEUNP"OF'XPP£WHﬁimmﬁ|on to pass

t hr ough mhlch is snpller
it to be sh1fted prec1seLy perpend1cular to the Long1-

tud1nal geometr1cal axis (32).
1011, Apparatus as claimed in qlaims 1 ahd'10, wherefn
the d1aphragm device (49) is gu1ded in a manner perﬁitting
it to be sh1fted in a stra1ght Line. | |
12. "Apparatus as claimed 1n claims .1 and 10, wherein
the diabhragm device (495 is guided.in.a mahner'pehmittiﬁg
15rotation.

~13t Apparatus as claimed in one or more of the-pre-.

-ceding'cla%hs, wherein the diaphragh device (495 incor-

porates at least two part-glasses (53, 54>, one ehd-face

(56) of one part-glass (53).being_adjacent to one ehd-'
2Oface (57) of the'other part-glass (54),-and wherein the

through-bores (58, 59, 61, 62, 635 are maghﬁned; starting

from at Least one of these end-faces (56), fnto'the part-
glasses (53, S4)t | |

14. Abparatus as claimed in claim 13, wherein the
25end—faces (56, 57) are etraight and flat-faced, and the

gap present between the end faces (56, 57) allows an.

amount of X-ray radiation to pass through wh1ch is smaLLer

by at least ‘one power of ten than the amount which can

pass through the smallest through-bore (58).

'c'r 0SS . ~ 2t'inpz)nnal9 geonet fep?gagug zriTSn ;Ing; (r)andOi g ﬂmum]ﬂulmmltu and/ or 0- 8./

FG.

E-




-

_by at | east one pomer of ten than the anDunt “whi ch can pass throu h t he
Smal I'est through-bore (58). - 23 - U!II I'ﬂwumuﬁﬂnd ai n claim
‘14, wherein t.he end-faces (56, 57) are pIa e ext re-; .
“quired-f.or winging.together. 16. Appar at us as Cla’med in cl 4--5
~and 14, 5 wherein the through-bores (5% 59, 61, -62) are machi ne rely
__-.fromthe ~ entsface Apprretuenas(odhimkdt e pamtim dlsgssasereih the
*Apparatus as clained in claim1,. wherein the glass is transparent to .
‘visihle lightenantiatescoboyl 639. at@ pBane-poApipareat D aheclaiteat ime<l aim
"1, whérein the upper surface (51.) and the |ower surface (52) of the glass
VQOdy (49), whaehred foonposediob thigethleass, are positioned so that they
~dre perpendicular to the longi- tudinal geonetric axis (32), and wherein
‘t:he upper _sur‘1615 fackppgrptusngst kdaliowdr isurcflades( 82) Saranddl4 shed to a

mrror- finiég. Apparatus as clained in claiml, wherein the mrror
(46) posses %h&’§ubp6PF|ﬁ@rpayéerJFf Waieh 3% édwpé@%j%ﬂeem?thﬁﬂﬁc

gl ass, and whi ch goated with a 20netal (48)-: Apparatus as clainmed
_i'n claim 19, BABFLY nTTAB FBfal - EA)-Tiagesi | GRS, °§1 one (SAjpAfattie R ai ned
~iEn<cl ai m'19, erein the netal .(48) is alumnum 2522. . Apparat us as
clained in cl% ﬁ?ig *wherein the - o

gé_s ' 17. Apparatus as cLa1med in. cla1m i,. where1n the

| glass is transparent to visibLe lLight, and is colorless.

1018. Apparatus as claimed in claim 1, wherein théff
upper surface (51) and the'Lower'surface (525 of the
glass body (49), which ié compo;ed of th%s glass, are
positioned so that they afe'perpéndicular to the longi-
tud{ﬁal_geometric axis (32), and wherein the upper.sur-

xsface (51) and the lower surface (52) are poLishea to &

" mirror-finish. | | |
_19.r Apparatﬁs-as claimed .in claim 1, uhereiﬁ the
mirror (46) possesses a suppofting tayer (47) which is
composed of an organic glass, and uhichlis coatéd'with a

20metal (48).

L

20. Apparatus as claimed in claim 19, wherein the

'meiél'(AS)_is.siLver.._

oo

21. Apparatus as claimed in claim 19, wherein the
metal (485'is gLuminum.

25 22. Apparatus as claimed in claim 19, wherein the
cocating (48) is applied by vacuum-evaporation.
23. :Apparatus'as claimed in claim 1, wherein the

magnification factor of the monocular microscope (78) is

a number which is preferred in the decimal system, exceed-



'cdafl ng (48) 'is applied by vacuum evaporation. 23. .- Apparatus as- cl ai med
I 0 f m 1,” wherein the nagnlflcatlon factor € nonocul ar m croscope 3

(7a nunmber which is preferred in the deci Wﬂ d- -~ -24~A |
i ng™—and | ess than 41. 24. Appar at us as Clgn “J“m wherein®
cl .

thé -nunber is 20.- 25. Appar at us as clalned a|h11" Whereln the aim
5 ing deVIMﬁ |§ gn?eaegf Ghe$S: Qalrt %?Mn. . Apparatus as clained in
cl ai m 25, 8r&i A"the®aXes 6 the Cross- halrs (84) possess graduati ons (95

97). 21, z(./Apparabg%ra%u%' %'sﬁ%cuﬂ.ecd %ggnétmmei mwﬁem)“ Ll ar

m croscope (/8) ha I'e ‘eyepi ece (7 herein a Lens- elenent
(83) can bﬁugggﬁghg Qﬁto t he optlcal path (87) of the m-croscope (78),
according to oi ce. ) Apparatus as clained in claim1l, wherein-the
.defl ectingzgirror ﬁééhrb&utsr aspalAied Girt A 40N £NefIr dBn CORPORERL Of the
X-ray ra%gatlon 29. Apparatus as clained in claim1, wherein the
deflecti nyingraeviceb)isi 3 setpeFed rifs sHmsins agBh xontains a hole which is
in Line with the | ongitudinal geonetrical axis (32). 20 30. : Appar at us
‘as clai ned2én clLai kpaara\mer @isn clad medhoilre qloasieszsss whé papn t tilé nal -
geonetrical axis which is positioned at 450 to the plane of the deflecting?
mrror (463xes of the cross—hairs (84) possess graduations (95, 97).

)

27. Apparatus as pLaimed'in claim 1, wherein the
monocular microscope (78) has a single.eyepiece (79),
10 and wherein a lens-element (83) can be brought into the

opticatlpath (87) of the microscope (78), accprding to

choice.

. 28, Apparatus as claimed in claim 1, wherein-the

dgfLecting“mirror'(46) is trahsparent to.the Low;enefgy
- _ 15 component of the X-ray radiation.
29. . Apparatus ‘as cLa1med in cLa1m 1, where1n the
deflecting mirror (46) is composed of gLass, and conta1ns;
a hole uhich is in Line with the tongitudinat geometrical
. axis (32).
20 30, Apparatus as claimed in cLaim.29,?whebein the

4

N,

hole possesses a longitudinal geometrical axis which is

positioned at 45° to the plane of the def[ecting mirror €
(46) .
31. Apparatus as claimed in claim 30, whereih the

25 hole possesses a transverse measurehent in the range 0.5 -
2 mm, preferably approkximating to 1 mm.
32. Apparatus as claimed in claim 1 and one or moré
of claims 28 to 30, wherein the X-ray beam generator (33)

‘has: a beryllium window..



o w

©31. - _Apparatus as €laimed in claim 30, wherei esses a

"tran$verse measurenent in the range 0.5 - 2 nm preferabl imating to

= 141m 2. . Apparatus as clainmed in claim1 a;ﬁ“‘“ﬂm “‘Hﬁ@&jﬂ clal ns 28
‘to 30¢'“mer6|n trthe X-ray beam generator (33) ha I

~+25- 33. < Apparatus for measuring the thickneSs ‘of “thi'n Iayers

..according to the X-ray fluorescence prlﬂélple substantially as here| 'lﬁﬂ

f“descrlbed with reference to the acconpanying dr awi ngs.
) D 33. Apparatus for measuring theé thickness of th1n

layers.eccording to the X-ray fluorescence principle,
substantially as herein described with reference to the

accompanying drawings,

-4,



