:relaies to an apparatus according to the pre- character|2|ng cl ause of thees
‘main patent claim If it.is desired to neasure the thickness of thin laye

on smalFMarticles, it is necessary to know, still-nore accuratel grldggl?'?
the X-rays strike the small article, for it is certainly not int
per{grnlthe measur enent on the article as a whol €. The typical size of the
spot”on which the measurenment is perforned varies between a few tenths of a
mllimeter, -up to one-mllineter. -Snal P feJsur ement - spots are necessary
because know edge is de- sired, for exanple, of the thickness of the |ayer,
pre- cisely at a specified point on the flank of a gearwheel tooth, or of
the thickness of the layer in the contact region of a contact tongue, etc.

2129127 APPARATUS FOR. MEASURI NG THE THI CKNESS OF THI N LAYERS The inventi

15 It is, of course, inpossible to see where the X-ray beam strikes
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

observed, by nmeans of a mrror, on the one hand, and that the mrror is

t hen pushed away, to be replaced by the |rrad|at|ng devi ce. The object of
the inventionis to indicate an 5apparatus which enables the measur-ed spot
to be analyzed with high precision, and in a sinple manner. This object is
achi eved, according to the inven- tlon by neans of the features which are.
eV|dent fron1the ' :

APPARATUS FOR MEASURING THE THICKNESS OF THiN LAYERS
. %
The invention relates to an apparatus according
to the pre-characterizfng clause of the main patent claim.
If it is desired to measure the thickness of
thin laférs on small articles, it is necessary to know,
%till more accurately, uhere the X-rays strike the small
article, for jt is certainly not intended to perform the
measurement on the article as a whole. The typical size o{ the spot on
which the measurement is performed varies between'a.few
tenths of a millimeter, up to one millimeter. Small
1iheasurement-spots are necessary because knowledge is de-
sired, for example, of the thickness.of the layer, pre-~
cisely at a specified point on the flank of a gearwheel
tooth, or -of the thickness of the lLayer in the contact
region of a contact tongue, etc.
15 . It is, of course, impossible 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




i visible, and this bore can be set precisely such that the center -of

t h ongi - tudi nal geonetrical axis passes through it, thus elimn- ating a,
firsk source of error. .Furthernore, that.point, on the l'ayer, through
whi ¢h the | ongitudinal georretrl cal . aX| s passes, amd which is the center of ;

t he measure%g\f sggtbbgg Eal bLgemgaﬁéh%fw e\é‘lhr}q.orp croqfc9p9e M t wo eye-g l

pi eces, Y be p055| Ye¢o t'hrou bor€ wth one eye, and to
see the | Wi t t r, | iple to work
noh & st i byt BRa € BRE BYFrobbits BHEh psnieh A Pfe LS,
chronologl €$}§ygge%¥ §h9nanEB§EtﬁﬂngbQQc¥he through bore into sharp

in

f ocus; en to ayerinfo sharp focus. The di aphragm devi ce

can be corrposed of rRE 969@@'tc CIERTY ‘P-rveﬂfh%'?xié“td)rigfﬁ‘iééﬂéaéﬁ Lead- doped
~organic glass is, for exanple, 25available. If silicate glass is used, the

t hr ough- bﬁé&&aﬁ@ﬂusfomenagahs,LeQeﬂareod‘%%@rhw g2y e NBEAN y12 - The
cross-sectional shapes of the through-bores are congruent and al ways _
i denti cal ,wtil Bdghbpretignyngeanmat iy whisdmple mahndros exanple, is suited
to the object to be neasured. The features of claim2 permt the use of a
glass which is wi dehysavhijleahl ¢s ard iwivied), azicidraligiy aro thorgarer- gl ass,
'is conmparatively soft, and which, 5even in thicknesses of, for exanpLe, as
Littl e as ®iom Uneleaos pdr the tfleetpa'ssag@mﬂ! amgrqumy foah atheon to

influence the neasuring effect by a significant anount,
characterizing clause of the main patent claim.

c@}eri zing clause of the main patent claim 10 - The tﬁrou’ﬁh- bore

10 The through-bore is now visible, and this bore

can be set precisely such that the center of the longi-
tudinal geometrical axis hasses through it, thus elimin-
ating a first sburce of error. .Furthermore, that point,
~on the Layer, through which the Longitudinal geometricél
15ax'is passes, and which is the center of the measurement-
spot, is visible. If the viewing microscope had two eye-
. pieces, it would be possible to see the througﬁ-bore with
one eye, and to see the layer with the other eye. Houw-
ever, it is also possible to work wit.h a_single'eyepiece,'and,
2oby shifting the optical elements in chronological succes-
sion, first to bring the through~bore into sharp focus,
and then to bring the tayerinto sharp focus. Th.e diaphragm
device can'be'coﬁposed of an organic glass, or of an in-
organic glass. Lead-doped organic glass is, for 'example,
25avaiLabLe-_
'_If silicate glass is used, the through-bores can,
for example, be produced by ultrasanic machining. The
cross~sectional shapes of the through-bores are congruent

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



d . T i :
whi | €, oh-tthe *ét her hand,™ being sufficiently thin to per- mt view ng, in
transmi ssion, wthout any significant |oss Oof light. 7 Lead ¢l asg ‘
can al'so be poli'shed to a very good finish, which is necessary in this

applicar~tion for a nultipLicity of reasons. The feature of claim3
achi eves essential Ly the same object asytdhe feature of claim2. However,

whi (€ 15l ead ghasexbaple, PhO gantedt tof the b j28% tl by slansreontains, on
ayerdge, a considerably ﬁigher proportion of PbQ nanely 46 to 62% This
means that, for a gi vehet Hiealtnees, offl icnia igl @spegmiar alhey waswfsa t he X-ray
radia- tion even nore than | ead gl ass, except for that proportion 20whi ch
passes througilése whichghsberidelyTheafieablegs anid alhdials 4 Uthduginabl e t he
di aphragm device to be matched to the particul ar nmeasurenent prob- |ens,
wher eupon t heaoal dobagiaoris begbasssi sl eomplar attdsted y tshod tyearat ritech,
according tq.clainms 7 25 o 9 have proved very successful, and, noreover,
can_be handlteveer ynwehlicknesseshefredlom exlampdient asf Liitdhe vdrerd immw gani c
gl asses are used. The features of claim 10 sinpLify the construction, and
the eval uati ofo®f PAE PesMitstHe PRSSIEEs Ffepduah X-ray _radiat iRt difes
easi er. Nbreong, ~the di aphragm devi ce coul d, per se,, also be shifted at
an angl e wi t h'RELpeefe EhenBepdugiingdiefdie cebretd isd@n ihi@ntofmPUi n, the
features of cLaim 11 sinplify,the construction, .and the required. high
preci sion can”%é'[n&h%vggerrﬁ%geéagial , PEing ﬁﬂéﬁ’ﬁdﬁ%ye%%mt%r e,

mit viewing, in transmission, without any significant lLoss
1oof Light. Lead._glass can also be polished to
a very good finish, uhfch js riecessary in this applica~-
tion for a multiplicity of reasons.
The feafure pf claim 3 achieves essentially the
same object as the feature of claim 2. However, while
- 15 Lead glass has a PbO content_of 18 to 58%, flint glass
;ontains, on average, a considerably higher proportion
of PbO, namély 46 to 62%. This means that, for a given
thickness; flint gLass génerally absorbs the X-ray radia-
tion even=moqe.thaﬁ Leéd glasé, except for that proportion
20which passes through the fhrough-bores. |
“ The features of clafms 4 to 6 enable the diaphrégm
device to be matched to the particular measurement prob-
Lems,'tt9reupon'the calculations become simpler.
) - In tests, the gebﬁetries aﬁcording to claims 7
25 td 9 have proved very succesﬁfut, and, moreover, éan be
,//iandléd very well, from the technical point of view,
when.{norganic glasses are used;

The features of claim 10 simplify the construction,

and the evaluation of the results of the measurements



th re provided at fixed Locations within the glass body. 10 The
featudres of claim 12, endow the apparatus with small oqverall di'nensions, * .
despite a conpar-atively |arge nunber of through-bores, and the sinple P
rotary novenent can al so be enbodied in a precise manner, and at a cost, in -~
technical terns, which can be jusiifdigd. 15 . The features of claim 13
enable th r lggy 0 be zin o] - wi t hout

havi ng to'%cﬁsiral I% t r&(ﬁﬁ 1ee'g'| ars@&%%%\g?rﬁhf ﬁc% H?%‘Qﬁﬁaﬂn%ggg?& e, would
nevert hel e ry & ffg the T4W; £ £84 U5 £S5 QT ' e | he gap to
be 20a||o§§§L?d &%ﬁ ﬁghmﬁéﬁgt2$tﬂg1Longi%ud?na y ggg%&??cggg Efg, whi ch

facilitat gy tiie TRNYAUIMANY fbhésseoblyaQperations, as well as inproving
the ease with which .t’hese parts can be ins?oect-ed, in addition to creating

no dis- turbances gM@n dgieid AVeie | Pe ¥t EVEY Shroughnt he gﬁmgwl@rthe

25m croscope. Despite t-hese advantages, this position of the gap does not
fal sify tRensasuclt i@, hndregser ea@ni redhen{ Rt Uppec 9k i6haic@nlBer ender this
gap negli- gibly small, both with regard to the X-rays and, noreover, wth
regard toafchd ewieRvmdrw el tyhe giesss boklyn poswible, Fhetheyaobre,ln
addition; the glass body then becones a single piece which can be handl ed
"en bl oc" tof @arnaimge itthe tivod pardsa breh nowgl~boges hetpngohedihar, ddhesi on
forces nost .certainly occur, and it is then no Longer 5possibLe to separate
the two pahies siamehaay, |1 athity iave, ptdvddedatl ixes tosatdions wighivtded

glass body.
10

t o@ange t he individual through-bores along a line; in the sdme Wa-y A f

The featﬁres ék claim 12,endou the appératus with

small overall dimensionst desbite a comparafive(y large
number of through-bores, and the simple. rotary movement

can also be embodied in S_precise mannef, and at a_cost;

in technical terms, which can be justified.
15 The features of claim 13 enable the through-bores
to be machined-in from the end-facés, without having to
drill through the glass body, which, if not impossible,
would nevertheless be very difficulf. |

The fe;tures of.claim 14 enable the gap to be

2OaLLoued to run parallel to the tongitudinat geometrical
axis, which facilitates the manufacturing and assembly
operations, a§ well as improving the;eésé with which these
parts can be inspected, in addition to creating no dis-
turbances when the Layer is viewed through the monocular
25microscope_. Despite these advantages, this position of
the gap does not falsify the result of the ﬁeasurementi
. The features of claim 15'render this gap negli-

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

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

Sre v ——e e

s —————— AP —————— o



t'oget her,, Tby- t he actionof heat, which is nowadays pos- sible without
altering the geonetry, mhereupon a glass body is obtained which is in fa
- @ single piece: 10 As a result of the features of claim16, the end-
face -of the ot her- part- glass forms one of the boundary surfaces and is
t hen stralght in any case, to a high de- gree of precision. Furthernore,
It,is then necessary to nmachine the vot UBre- of t he t hrough-bore-into only a
.3ihgte art-glthss Ladith L0 s3dgikionhabherglans kednptBenhiecoaseseach
t hrough-bore were to be machiped into each of the two part-glLasses. In the
latter event FdNaYe R?&F%aﬂﬁbbc%fcﬁﬁeb?h?bﬁ%heﬁo é“nPbHF mo TRENYEEN i ne up
foL- | ow ng assenb , or they 9 OSSIb|% exhi bit chips or simlar
i nper f ect i ong ESTH%S RARTHLASR i HTUNS b%??FE farF?LSEPfaﬁlédFSF’°"

Cross- sectloq@ eonetries ich are polyg uch s, for

exanpl e, triadrm Wﬁﬁﬁk?er EXLASARY %ﬁﬂaggg ’Etbs €q P&sUP9SI the

f eat f 7 t dify I f the | o

addi - t1on B %‘lfl 1-‘4" T Thet I 26801 88568407 ahB Phe Li ght sour se. can’

be kept |ess powerfuly, f&yreéhgf S&a#QL%§ PganLisxlggnn 1F%grough t he
oub e re r

gl ass body,. w thout attron, acconpani é rmore, by

amnimal absoigudit ) 5 tHECa LeptnTep Rlatl AR POSHBRALETE gﬁs - v ay

beam suffers virtual Iy no attenuation, for ofgani¢ glass
order number s & thex HBU @l 2 COR R, tﬁorgpwewsynguhbeeab%% @flfaeet “can-

be so thin that it can
body is obtained which is in fact a‘s1ngLe piece.

10 As a result c%.the fe;tures of claim 16, the end-
face of the other part-glass forﬁs one of the boundafy
surfaces and is then straight in . any case, to a high de-
gree of precision. Furtﬁermdre, it is then-necessary'to
machine the volume of the thfoughfbore into only a single

1%art-glass, which is simpter.than if, for example, half
of each through-bore were to be machined into each of
the two part¥gla§ses. In the lLatter eventuality, the
halves of the thro&gh-ﬁore might no Llonger line up, fol-

_low{hg assembly, or they might possibly exhibit chips or

.2%imiLar imperfections. This configﬁration is bafticuLarly
suitable for cross-sectionél geometries whfch are
poLygonal, such. as, for example, triangles, quaari-'
LateraLs, sqparés, etc. | |

As a resuLt'of the features of claim 17, the:
23lass does not modify the color of,the.Layer,' In addi-
tion, visibility through the gléss is good, and the

.light sourcé can be kept less powerful.

The features.of claim i8 permit viewing, through

the glass body, without doubLe-refraction, accompanied,

-



pe t he production, using a known manufacturing techni que, of a mrror
‘Wwhi., adds no color of its own, and which reflects very effi- 10 ciently:
I'n"conjunction with the features of claim?20, the features of claim21
enabl e the absorption to be re- duced still fufther, since the ~order number
of alum numis considerably Lower than t hat of S|Iver 15 I n

| e, | d Qr _exanple, of polished o
ARRRSIEL B3 EEE P T ST T fogery (a1l o
d I d_the Ins sti | e su porting
|:§§roPsac3ﬁ¥zszgt{f' e%?ﬁ%ﬁfc g1ai§‘nggae";"’e thaty déé(jt%ﬁthhe
f ' t X-ray.beam.are reduce 0 e
abaol Ut o Moyt GFet PLFEREER, PRa) 38 0l Y 1857 R o SRASF s e

mentally, hada yvery L&@C&*a@F'ﬁ fiSe Y aR Q §S 189 R ahe d aygr, how
k Be ot c.

| ar ge the nmeasur enment - spot IS, e slZze o t hr ough- or to

make a s mﬁﬂadd@h65§ﬁ§sﬂﬁpﬁopfe?h@é? f@QBOB§ gh%hﬂﬁa%%%% Qfy %g%rn24

results in a magnification which can be achieve a nonocular m croscope

wi t hout dilfifikesid¢/,banled e éb@dCancagbe¥hiinl the ‘SB%%%H% cat - -1
cul ati on ‘becones particularly easy. The feafures of claim25 provide the

‘possi bility of positié.oféapuideot obpaind20apedAetBt thedl rddiug tlilkngugh the
poi nt at which the cross-hairs intersect. For an )
using a known manufacturing technique, of a mirror which

li%EE?;e be neglected in assessing the absorption. The feature 6% cfai m 20
r

adds no color of its own, and which reflects very effi-
1ocientLy. | |
| In conjunction Qifh the features of claim Zﬁ,
the features of claim 21 enable the absorption to be re-
duced still further, sihée fhe order number-of aluminum
is considerabLy_Louer than that of silver.
15 In principle, thé mirror could also be made, for
example, of polished aluminum. However, if this polished
aLuminum'is very thin, ft could develop é wavy surface,
and the mirror remains stiff if the supporting layer is
composed of an organic glass.
20 As a result of the features of claim 22 influences
‘on the X-ray beam are.reduced to the absolute minimum;
| The features of claim 23 also make it easy to estgmate
ment;tly, what peculiarities may be possessed by the
Layer, ﬁow large the measurehent-spot is, the size of the
through-bore, etc., or to make a subjéétive assessment of
these factors.
The feature of claim 24 results in a magnification

which can be ach1eved by a monocular m1croscope without

d1ff1cuLty, and in the case of uhich the conversion cal-




5ai m ng devi-ce, it woul d; however, also be possi bl-e, per se, to use
concentric circles, or wedge representations, or other similar reference
marks. I'm conjunction with a sinple nagnification factor, and graduations
whi ch afé conpatible-with the mllimeter Osystem the features of claim 26
permt easy calcul ation of the areas_in question. The features of claim27
enapl.e the nnnogular i croscope arTangenent to be kept sinple. The

“monbdcul ar ni cFYSAERRMN Q°CRAS Sf pafddF ' "% ¢+ he | ayer, without a col -
‘i5lecting Iens-eLerrenéh Tge l.ower surfagce, of éhe gLass body can_ then be
viewed, in sharp focud "€uditAFusesetd- e IRFSH WL i the rospib Ehityat h.
It is al so poggihle..of course, to chqosg the equival ent nethod, focusing

t he nnnoculargii P3§56681§ﬁaigfyLSN%ﬂﬁ?éiﬂé& %ﬁhqﬁﬁﬁ9?ﬁlt%é‘@lﬁ%§°9©%0dy,
and then usin ' gent .| -element in.,order to forma sharp i mage of
the | ayer. PE PH¥EEI§?t5quirgﬁ§é§ghsf!ﬂfkﬂﬁﬂkﬂﬁ?ﬁﬁF?%T a@bﬁsf?ng t he
sharpness araRReA§SARY RSCASE Al | NG ANGES] HOINELs 1 [ QVeg, pur face

of Layer/gl ass body/ | ens-el’ement/ nondcu m cr o- sco pr%%fsely

known, in advgegetol Bskeh@ ondef t3fi cSUBHANGES f° 'ggeq;lepéﬂéé’rﬁ{’?{i ers,

the probability of stinmulation can be increased, i ncrenent s, by

means of the 6pabuhes: samitlad MedRrelnfceSWrist.ances of this nature,
possessi ng order. nunbers in the range, for exanple, between 15 and 26,

are considered, such as, cbarjuexaiRine widw ATigiMple tidgHi tidat &SCrsesr,
stances exhibit an excitation energy of approximately 6 to 10 keV. If

t hese subst anaed agredsaitivhat et ikbh MeranTompatible with the millimeter
: 1Osysf,em, the features of ;Laim 26 permit easy calculation
of the areas in question. | |
The featuﬁes of claim 27 enable the monocular
microscope arrangement td be kept simple. The monocular
microscope is tﬁen focused sharbly on the layef, without a col-
15lecting Lené-element._ The lower surface of the glass
body can then be viewed, in sHarp focqs, using a lens-
element Locéted in the bptical path. It is-aLso possible,
of course, go choose the equjvalent method, focusing the.
monocular microscope sharply on the Lower surface of the glass
20pbody, and then using a divergent lens-element in order
| to form a sharp image of the layer. qith this latter
arﬁangement,.no operations for adjusting the sharpness
are necessary, because all the distances-involved - Loﬁer
surface of lLayer/glass body{lens-eLemént/moﬁocular micro-
25scope ~ are precisely known, in advance.
- In the case of substan;es possessing lLow order
numbers, the probability of stimuLation.;an be increased, by

Large increments, by means of the features. of claim 28. 1If sub-_

stances of this nature, possessing order numbers in the



Ghi gh-energy X-rays,. the probability of fluorescence (characteristic
ation) is rmuch | ower than when this bremsstrahl ung spectrum contai ns
¢ | owenergy conponents. It is, of course, possible to stirulate the )
aracteristic X-ray-resonance, and thus the fluorescence radiation as 10
well, only when the stinulating radiation is of higher energy than the
characteristic radiation (fluoresg8eace radiation). It is thus inpossibled;0'
sti mul at er of ragi ghiyoBg SiaRGe A exl g ati on-ener
PSR Ot b AT o R g Lk i L

probabi | idye i W] des @b Yamp T0S BhPEh¢Lnt B ¥Qkbagemdl ffirs@ncR,dhet ween the
stinulating radiation and the stinulated radiation, the smaller is the
probabi | igtarmfe St iRt 08n agEPEItREnt @nd rhdWoifN\iRlp\VioXGmat@ 13 f4r st

approxi mation, the cube of the voltage difference. 20 According to
the feat wesiofkedai NTLS%thebe debsthaeesngrel hamufatielte by fadarid | ustrative
enbodi mept can still be used, this mrror being conposed of glass, while
despite {df hidloveremeggyXxXrapys cthe probebpadsyt bfofdluoreszerand ing of the
mrror, the neans for holding it, and 25its nmanufacture remain unchanged. |}
The only efHaractdér bsthbt erafiiahionnatiar muich, Llometrha hame whemd, thei sl i ght '
atten- uation of the light, which can, on the other hand, easilLy be made
good, whibremsstrahbung seectrHBncpntefasspargndsy~einesioy sampniants y

necessary for adjusting the apparatus. -9- The features of c]aim 30
result ikt hsScrebscourse, possible to stimulate the characteristic

X-ray resonance, and thus the fluorescence radiation as

1Ouell, only when the stimuléting radiation is of higher

energy than the characteristic radiation (fluorescence

radiation). It is thus impossible to StimuLate copper
'by means of 8 keV radiation, since ité éxcitation-energy

is 9 kev. A stimulatjon voltage of 50 keV woula reduce
15the- probability conéiderably. .The greatef the voltage
difference between fhe stiﬁulating radiation and the
stimulated radiation, the smaller is the'probaﬁility of
stimulaticn,‘according to a law invoLvihg, to“a first
apﬁroximatidn, the cube of the voltage difference.
20 According to the features of cLaim.29, the de-
flecting mirror.of the first illustrative embodiment can
still be used, this mirror being composed of glass, while
despite this, Low-energy X-rays can still pass through.
The coatﬁng of the mirror, thé means for holding it, and
25'its manufacture remain unchanged. The only effect of a .
hole of this nature is, on the one hand, a slight atten-
uatioh of the Light, 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.



sécti onal.- area of the hole bei ng equal to the effective_cross-sectional

‘area, ‘neaning that a conparatively small hole can be nmade in the nirror.\%ﬁi’
ot her- angl-es are 5used, the cross-section of the hole nust then be -
enlarged; in order to ensure that the X-ray beam generator still "sees" the
| ayer. The di mensions according to claim31 have proved successful in
practice, and produce virtually no eh8nge 10in the optical properties of
‘theMmirror. The featur&beoff eaitairms32 fersdidl i e rpstdrtator  ththi €TP$S” in
~particular, an X-ray tube, to deliver very |large anounts of | ow energy .
‘radiation. In sestéanpleeyeat iod itheemolen baing amidlestanths ettt kit ee

phot ographic record to be.made of that spot on which the neasurenents Pave

been per for medsr¥RE-§&RtE 18PAILI S oL MEARHANG Kt He CHIARS BTty smal
e L R R N R AR 1 L TN
o 1o oo et By R B e R BRSO 4 AR et
2,2 0 FLOUTS b 2RSS R Bl LTI, ol oot gengh sl Lo,
the view acc_ordisggst.otq..t;e &y e A in Figure 4, _
The dimensions according to claim 31 have proved
successful %n practice, and produce virtually no change
105n the optical properties of the mirror.
The features of claim 32 enable the generator,
’ which is, in particular, an X-ray tube, to deliver very
~lLarge amounts of low-enérgy fadiation. _ - -
In its entirety, the invention also enables an
f- -15accurate photographic record to be made of that spot on
which the measurements have been performed. The same
applies with regard to the shape of the through-bore,
thus excluding the possibility of subsequent evaluation
errors. |
20 Two preferred illustrative embodiments of the
invéntioﬁ are now déscribed. In the drawing:
ngure 1 shows a perépecfive view of the entire apparatus,
Figure 2 shows ‘a section, fh-persp;ctive, on the plane
-2-2 ianigure_1,
25Fi§ure 3 shous a diagrammatic section, perpendicular fo
the plane 2-2,
Figure & shows thg plan v{ew of a glass body,

Figure 5 shows the view according to the arrow A in

Figure 4,



10.—Figure 6 shows the view of a portion of the Lower surface of a lLayer
# is to be measured, Figure 7 shows a diagramietic plan view of a ~
d. type of di aphragm device, 5Figure 8 shows a cross-section through &
Or” which is a nodified version of the mrror according to the second
il lTustrative enbodi nent. A neasuring table 11 possesses a casing 12, of
approxi mately rectangular, flat-80ded form In the front 10 region, an
upwar d-pgut eds f shoge tAeprvdjeacos \aemploirddldny offr orhe tlowgppesustadace 13,
this flange having a rectangular outline. A skirt 16 fits over this flangg
14, this skirt o€ aglapeegwhlichi tils aohbre measairea,ate 17. In the center, |
the plate 17 nmerges into a smaller, rectangul-ar working plate 18 which !
proj ectBigpnard, shhwshpg dnagremmppdre phan fvdew, of presdond ytywe i zont al ,

A4

(=N

and which carries a net- work of.rectangul ar coordi nates. Equidistant ruled

Lines 19 run inefhdiaphragmedeivdse and equi distant ruled lines 21 run in
the "¥ direction. An open through-hole 22 is 20 provided, extending .
downwar Bg¥ ne oBighhPHE ROLEPSS ~Fieattd ong thf@ugte B imkrrary wirfeh/ 48 shifting e!
drive 23 is provided, .to the right of the assenbly conprising.the parts 16
17 and 18, so tﬁal"°gP|§‘\ﬁ8r N-Fﬁj‘%l“at"é‘ fheca "lfé"'rr[%ie%"," 9 he® manner of a

m cr oscopé stag accordin o the arrows 25 24 26. |f the knurled screw
27 is turned in&'ﬁesalcf’gg- qtl}lb'ﬁgriaﬁdivc?ateé"(?%mteﬁbt ‘arrow 28, nmovement taked

pl ace al ong the double arrow 24, in accordance with the direc- tion of
rotation. _

A measuring table 11 possesses a casing 12, of
approximately }ecténgutar, flat-sided form. 1In fhe front

1oregion, aﬁ-upuard-pointed fLangé 14 prdjécts vertically
from its upper surface 13, this flange having a rectangular

odtLine. A skirt 16 fits over this flange 14, this skirt

being integral with a horizontal pLéte 17. In the center,
the plate 17 merges into a-smaller, rectangular working
plate 18 which projectS'upward,'which, on its.upper sur-
~ face, i§ precisely horizontal, and which carries a net-
work of rectangular coordinates. Equidistant ruled Lines
19 run in the "X" direction, and equidistant ruled Linés
21 run in the "Y" direction. An open through~hole 22 is
20 provided,lextending downwards through the working plate
18 and the plate 17. An X/Y shifting drive 23 is provided,
fo the right of the assembly comprising the'parté 16, 17
and 18, so that the working plate 18 can be moved, in
the manner of a microscope stage, according to the arroué
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.



- 11 - I't-%he ‘knurled screw 29 is turned in either of the directions 3
i ndi cated by .the arrow 31, the working pLate 18 noves in one-of the ]
directions indicated by the arrow 26: Sinmultaneous rotation of the knurleo

5 screws~27, 29 causes these novenents to be superinposed. By this means,

t he: through hol e 22 can be adjuSted, in a precise manner, relative to a
| ongi tudi nal geonetrical ‘axis 32, which.sggands vertlcally Parts which span

the*through-hol e 22 cap PRePkAGPUeaN sk wWQOKIiRY tRiraled 5%, ei@tad dfhese are
then nmoved, in. the sane way, relative to the |ongitudinal geonetrical axis

32. If the paghé @irectbhs aRdivatked bzl lthiehnowsh BGHe ttweougrkiole 22, the
Latter .can be covered with a suitable film for exanple a nylar film and
the smal|l pargbatéel1®l apgdekherpon, saebotfhathet kidy elcitliewiss e rphirdatddpat e i n
t he novenent of the working plate 18. As before, the small part's can be

vi ewed from the tmeearoou026theSOasmmgn§2usswm¢@thh@'hﬂ mhes khurled
‘mcronmeters _thick, and is perfectly trans- parent in the region of the
vvavelengths5 sctheSIZth292©auses thesgomoiemendise tof be myAas imposet s
construction, which has been deseribed in detail by reference to Figures 1
and 2, has be®n bhi st BE2NSanthEe thECHIS-ROIle 22 A be AFivs B urtn @ The

'bean}generatlng system of an X-ray ,tube 33, 25 whic raoduces X-ra
| ocat-ed in th%'E&éFﬁgmiE"eév fﬁéaEdWFoﬁP Fné&ﬂ%’%ﬁgh4%#u?5?q%®% %%%rg

oot s | R BTTAE TR S S LR 0T
wth the 'OngkﬁPQLBELh%¥i 2§2can be placed on the work1ng plate 18,

10 and these are then moved, in the'same way, relative to
the Longitudinal geometrical axis 32. 1If the parts are
small, and would fall throuéh the through-héle 22, the
'latter can be covered with a suitable f1lm, for example
a mylar film, and the small parts are placed thereon, SO
15 that they Likewise participate in the movement of the
working plate 18. As before, the small parts can be
viewed from the interior of the casing 12, since the .

) film is:4 - 7 micrometers thick, and is perfectly trans-
parent fn the region of the wavelengths of the Llight.
20 For the sake of simplicity, this construction,
which has beeﬁ deséribed'ih.detait by reference to Figures
"1 a-rid 2, has ‘be.en omitted ~I’.mm the more simple illustration in
Figure 3. | '
The beemegenerating system of an X-ray tube 33,
25 uhich broduces X-rays, is locate& in the casin§ 12, at
the bottoh. Insofar as these X-rays emerge along the
longitudinal geometrical axis 32, they are permitted to

" pass through a through-hole 34 ih.a false bottom 36, this

hole being coaxial with the longitudinal axis 32. All




- 1gs other beans are held back by the false. bottom 36, Whi ch i's* Locat ed_

: .‘ p the X-ray tube 33. An extension piece 37 is seated on the falLse

bm 36 and, coaxially, on the through-hoLe 34, this extension piece 37 s
bel ng com posed of concentric, ring-shaped pieces of tubing. One of these
ri-mg-shaped pi eces of tubing possesses a double bearing, in which a shaft
39, carrying a Lead ball-plug 41, is mounted, in a nanner such that its]
Longi tudi nal geonetrical axis i mt 88sects the Longi tudi nal axis 32. This

bal L- pl ugp tle posszsseare hbtdubbckoby 4de \itailele, biot tidwe Jtosiwh ooh drawn in
Figure 3, is coaxial with the |longitudinal axis 32, and hence allows the
X-ray beahstbopaﬁsdthbough;henXthayuﬂw&edSélremmlcmten@mqnxntaamg | ever 43
is attached to the shaft 39, externallLy with respect to the casing 12, in a
manner priXentisgatedacnonhe\Wiah sehdodomaSibngnidoveroasBidlsly n ame posi tion
drawn in Figure 2, the through-bore 42 is aligned with the longi- tudinal
axis 32, thel bereugh- babeX3fay thdsmers epadont migegh 37 e ine qRMT tion of

t he operaglng | ever 43, drawn in Figure 2 with a broken Line, the shaft 39
has been?®ted ‘Eiftﬁ?ﬁﬁgﬂt['ERR] "QQCGPGPHG P4 ecred d’(fulﬂt@"d\gr-ow thd t he

t hrough-bore 42 is Locat d at ht an
emerge vi¥ tHRe®8 M1BeGH ﬂEedAE’g

Q the axis 32, so that no X-rays

| e
ﬁS\ﬁ/n%f tEb]f% POS SEfS LML dRUB Rce 38

energes, after 25a.reduci an u per t bul iece 44, which isi
ol sB8fr 39.° 2 pAEH

coaxi al W 1Re | dRgFPLS °§r§l 1084 2ot r end
region, af,an, ?n%ﬁ??;g[ EE{E&] a ﬁ%ﬂntehe stchd’e ha‘%S 3 M Lrordp%\ftdipdm ch functions

in the visible 1T9Q mrror. conpos an acrylic glass
geometrical axis intersects the long1tud1nal axis 32.
li*his ball-plug 41 §¢ssesses ;.thfbﬁgh-bore 42, vwhich, in_
the position drawn in:Figure 3, is coaxial with the
Longitudiﬁal axis 32, aqd hence allows tﬁe x?fay beém'to
pass throggh, in the upward direction}. An operating
lever 43 is attached.to the shaft 39, ;xternaLLy with
'12@Spect to the casing 12, in a manner prevénting rotation;
Nhen'the operating lever 43 is %6 the position drawn iﬁ
Figure 2, the throﬁgh-bore 42 is aligned with the_longi-
tudinal axis 32, and permits the X-ray beam to pass
through. Iﬁ the position of the opefat{ng Lever 43,
204rawn in Figure 2 with a broken Line, the shaft 39 has
been rotated through 90°, according to the double arrow,
and the throuéh-bore 42 is located at rightangleé to the
axis 32, so that no X-rays emerge via the ball-plug 41.
As shoun in Figure 2, the tubular pieﬁé 38 emerges, after
25é reducing piece, into an upper tubular piece 44, which
is coaxial with the longitudinal axis 32, is sliced-off,
in its upper end regiod, at an angle of 450, and there

carries a mirror 46 which functions in the visible-light

region. This mirror is composed of an acrylic glass



- 13- di sk 47,-‘onto the rear of which an al uminum coating 48 has been A
vapor -deposited. The mirror 46 cannot nove, is inclined at an angle of K>
[ERR],, and the {ongitudinal axis 32 passes through its center. The mrror
46 i.s atso in- 5clined, at 450, with respect to the |ongitudinal axis 32.
The X-rays pass through the mrior 46, w thout being attenuated, and
continue along the |ongitudinal axis 32.1%\ di aphragm device is installed

above the nmirrodide, 4agcontbekleheeazobtfallhyi chndnpNRAIHGH atihd s
Irongi - Otudi nal axis 32, of which device only one glass body 49 is

-illTustrated, fohasheesakeapbrsdepbisditey.. Thihe @lidssrbady dahnamasad, ofs :
|l ead crystal. |Its height is 6 mm its width is 15 nm and its length is 50
mm |t has a vemnglinmgth btadncengént of Kﬁg,upp@rt&mrﬂamgi&hdﬁhaﬂEﬂﬁ%s
parallel with respect to its |ower surface 52, and these surfaces are
“perpendi cul ar t¥2tmessengtbndisahl i4%i sedRerThe Theperi rewrf dde iand tsve froner
~surface, 51 and 52, are grougd and polished. The glass itself is
‘transparent, tPelifednudfi 6h of wikb viespgicd Itioghh ebdiomg irferd iingi lblax i 2Gnd
‘the viewthrough the glass body 49 is not subject to distortion. The-glass
Body 49 is conpb®®dXof2YfoPREa: thrauveh toet iguoar 4éur wishout heinme '
end-face 56 of the strip,53 i§ wung against the end-face 57 of the strip
54. A gap, mhi%Etﬁ%§a£gﬂde?”édﬁﬁ"éﬁpegn§§8H@e§%ef3Pﬁﬁ?§&&ﬂﬂ%ﬁ1ﬁ4ﬁ§ 32.

cno 2ces 50 EfogPRia HhY3Nast e BRIt sbe s SR T en B o

'is neg- ligiblegeeyrately horizontally and perpendicular to the longi-

1otudinaL axis 32, of which device only one glass body 49
is illustrated, for the sake of simpiicity. This glass
body is composed of lead crystal. 1Its height is 6 mm,
its width is 15 mm, and its length is 50 mm. It has a
very high_Lead gqnfent._ Its'upper surfacé 51.4s plane~-

15parallel with respect to its Lower surface 52,.and these
surfaces are perpendicular to the longitudinal axis 32.

" The upper surface and the Lower surface, 51 and 52, are
ground and poiished. The glass itself is'transparent,
the attenuation of the visible Light befng negligible,

20and the view through the glass body 49 is not subject to
distortion. Tﬁe'glass body 49 is composed of two flat~
faced recfanguLar strips 53, 54. The gnd-face S6 of the
strip 53 is wrung against the end-face 57 of the strip
54.l A gap, which may wunder some circumstances fﬁrm

25petween the end-facés 56 and 57, has a width of less than
0.1 micrometer. Although x-rays.may be able to pass
through this gap, the proportion'which does so is neg-
Ligible.

Before the strips are wrung together, through-



A

Bgfa\e the strips are wung together, through- bBres'58, 59, 61,62 hav
b uLtrasoni cally machined into the end-face 56, these t hr ough- bores

P sessing, in the assenbled condition, rectangular, cross- sections of:

varf ous sizes, and running precisely paralLlel 5to the |ongitudinal axis 32
HaLf of a through-bore 63, which has a circuldr cross-section, is machined
into the strip 53, and its -other 1al=f is nmachined into the strip 54. The- |
spaci ng bafreshes 8 hriught hpr ez, hs8et be 63, ut onaisdeari<adllyy meteiadsd t he t ypi car
wi dth of the X-ray beam which Oruns al ong the |ongitudi naL axis 32 above
the mrriortoi®hd fend+taeé or B6,t hehk'srgi t wdirdalghadareiy i cal pmse-s 32 runs

t hrough the through-bore 58, nothing passes through the through-bore 59,
and t he sessedml din golvel d9senbbednaboddbdopesireicd@anguAan tegss- phery, the
gl ass body 49 is seated in a holder, in a manner which is not illustrated,
this holsemtimrinetivadiguat shzaed endarynndegearentiset ycaensd ledved at
rightangl es to the Longitudinal axis 32, as indicated by the double arrow
66. Tﬁ’et%m*tfe 'Gznsst'g«%

of a ni Ot 13%rd velr et 2R FEOEBAPBEE Sr BR%N) e ¢® theshaft 69,
[ ERR] angle-driye nechapism./1 nd.a.shaft .72, the | atter being connected
to the s"l"i“beg 4.aﬁpkﬂﬁi%h55 aﬂgfhéf f'?l"é"f‘ﬁ‘f'ar’)ﬁl?ni %85 ” urned to th
left, orgto.the rj hee ol ass 9 S e left, or. to the
right,_é?ﬁruﬁ%%l%%p%§n§h§fd%ﬁglgpg§¥8é/aﬁ?éﬁ’c§§ %g gg@nﬁﬂ?ﬁﬁ%ﬁﬂe 2, and
depending |y exceeds the typical width of the X-ray beam-which

10runs along the longitudinal axis 32 above the mirror 4é6.
1f, therefore, the:Longitudinaf geometrical axis 32 runs
through the through-bore 58, nothing passes through the

through~-bore 59, and the same holds good for the analogous

positions.

D

ieRel 200R d2pedHekf BY AedRSoymhabols (3wt ail. The
bed 67 i rigidl% attached to the casing. The slige 64 is driven. by means
°Br 4 y 3

e

15 At its periphery, the glass body 49 is seated in

. a holdef, in a manner which is not illustrated, this ) ;
holder being rigidly attached to a slide'64, which can
be moved at rightangles to the longitudinal axi; 32, as
indicated by the double arrou'éé. The sLide 6; is guided
200 2 bed 67, by means of a swallowtail. The bed 67 is
rigidly attached to the casing. The slide 64 is driven.
by means of a micrometer drive,'uhich is composed of a
rotary knob 68, a shaft 69, a 90° athe—drive mechanism
71, and a shaft 72, the latter being connected to the
255Lide 64. Depending on whether the rotary knob 68 is
turned to the Lgft, or to the right, the glass body_49
moves to the left, or to the right,_as indicated by the
double arrow which can be seen in Figuré 2, and, depending

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



on t'he ext'ent:‘to which it is rotated, one of the through- - 15 - bores, - @
58 t063, can be brought into Line with the Longi- tudinal axis 32. The -
t hrough-bores 58 to 63 are arranged on a Line which, in fact, Likew se

passes -Through the Longitudi nal georetrical axis 32. The hol der of the

5gl ass *body 49 is rigidly attached to &57=shaped ‘anglLe- section 73, so that

a perforated ppeaee, 738 whi 6B,i saoohe beougd tt dnithi d jareglwitSecth ©nl o di |
stré%ght line, can aLso be noved with the glass body 49. This perforated

pl ate 74 posstudimabsaninay3RineIhe6 toirolvghedoae st I5& e caréd | Dterarugingdsd es.

A reader 77, which functions optically, is installed in a nmanner such that

it cannot movenwRt hiprespbichtoinhdacisi td kemtise pasders Thmousgtesdiag, on

one side, lanps,.,and, on the other side, Light-sensitive diodes. The |ines
76 of holLes atRnedbtivdinghugepaelyicalgaxd st Be -r eddiendrodidte rofofimtibeh of t he

t hrough- boresg l.58 tg 33, hs at _thgﬁ. particular nmonment, i'n line with the

Longi tu- di na8‘&%FsP39Y. #Rsfi8adi8f dtre atsashediioh 264 - sARed @ne ler oper -

at ed wi t hout ) rther actipn, anot her enbodi nent i_n- 2Qcorporates a

scr ew head \/\h?%%t £§?1 Eg’oﬁgrgﬁéa Bypﬁﬁgﬁ§aéfdapg§é8i glrl'kéﬂ”,”‘s’b tha®Nonce

havi ng "been s esgLags.b 9 be reposi ti.oned w thout a further
nanipuIation.ﬁ%f%%ﬂogglgﬁ$ﬁigﬁéégosg%gﬁgéﬁggﬁeﬁfs§§368§3e§§€§'2§ﬁw éVéﬁﬁece

79. The assoch@tpevb@USi Py €RBL 8LASsbE8y kbeCt itRg (Myurar 8l i ch Sends
the rays of Iight,. which 81 gLa3sp88y Lbeotirhds Per‘for%jtemla@e

74 possesses as many lLines 76 of holes as there are
10'through-bores. A reader 77, which functions optically,
is installed in a ﬁénner Suchftha; it cannot move with
respect to the casing,'this reader 77 possessing, on one
side, lamps,.and, on the other side, light-;ensitive
diodés. The Lines 76 of ﬁoles are coded, thus permitting
- isthe reading-out of which o% the through-bores, 58 to 63,
| ._is, at that particular moment, in line Qith_the léngitb-
‘dinal axis'32.
Instead .of the rotary knob 68, which can be oper-
ated without any further action, another embodiment in;'
20horporates a screw~head thch can be operated by_means
of a special key, so that, once having been set, the
glass body 49 cannot be repositioned without a further
manipulation. |
‘A monocular microécope afrahgement 78 boSsesses
252n eyepiece 79. The associated housing contains a de-
-fLecting mirror 81, which sends the rays of Light, 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



2

A

{ve horizontal Ly, to the eyepiece 79, and to the eye of t he“obsérver. An
dctive 82 is installed in the horizontal tube portion of the nmonocular
p/cjoscope -16- arrangenent 78, at the inner end of this tube portion. &
a colLLecting Lens 83 is pushed in front of this objec- tive 82, the
Lower surface 52 of the gLass body 49 is seen'in.sharp focus. Cross-hairs
84are al so incorporated 5intoJRg monocul ar m croscope arrangenent 78,

th - hai 4 jnt ti h ipt .86, in th t f the™
oot cal | Afrerdduent 1d) HERL WWhnt SR BPLPhiE bR PREIRRIO T
hor | fal an. \ \ : .' ¢ udi nal |
oomrerrs 4 e D 0P £ S oK% 2o ST AT phRE LIS s~ e
th ] + 46,04 h ty [ ' [ e | i tudi I
oot 1] SIVE R P iR SlpeRle I HBSOPT EREORLESTDRUT e ud 1A

cross- haiglee B4 i SHLR b udS SOPYOsLRaFFIUEE 4redbLBE iRERID0 rQft dd®

t hrough-bore 6i, the center of the bundLe of X-rays 1s Likew se Located in
“the thr Sugh-barhe GlonddWildé mpcEestapa bRAnehans 2BG RAWsRASSi ng through
the entire cross-section of the through-bore 61. The collecting Lens 83 =
stands O rd saHhair SB4 2vieé £de c0indp dOVeRHeapolinghBanglias the t he opti cal
axis 87,. as indicated by the doubLe arrow 91, in a guide 89 which is

ri gi dLy aterst@recbft cthheomtabeay. axniso8e of the posbcutiiaonsiciridacaplelect i ng
lens 83 is active, while it is in- active in its right-hand position '
accordi ngrir@rRiepanet 7825 In its honizostahacegienposhtiisonpttikaloptica

system of .
. axis 87 strikes the longitudinal geometrical axis 32.

'10Abdve the point'at which the optical axis 87 strikes the

mirror 46, the optical axis Sf runs precisely in the
Longitudinal geoﬁetricaL axis 32. If, accordingly, the
intersectioﬁ point 86 of fhe cross—~hairs 84 is Locafed,
as shown in Figure 4, at the center.of the through-boré
1565, the center of the bundle of X-rays is Llikewise lLocated
'in:the through-bore 61,-;nd it is cgrtain that_x-rays
are now passing through the entire cross-section of the
through=-bore 61. N |
The collecting lens 83 stands on a.column 88,
20yhich can be moved at rightangles to the optical axis 87,
as indicated by ;he double arrow 91, in a guide 89 which
i; rigidly attached to the casing. .In one of its posi-
tions, the ;qllecting Lens 83 is active, while it is in-
active in its right-hand position according to Figure 2.
25 In its inactive position, the optical system of
the monocular microscope arrangemeﬁt 78 is such that the
Lower surface 92 of a Layer 93, resting on the working
plate 18, is now imaged, in sharp focus, for the eye of

the observer. The distance between this Layer 93 and the



the'nnnboJlah’nicroscppe~arrangehent 78 is such that the Lower surface 92
of a-tayer 93, resting on the working pLate 18, is now inmaged, in sharp @

fpcus, for the eye of the observer. The distance between this Layer 93 a#f
the “N 17 - glass body 49 is sufficiently Large to prevent the through-
bore in the glass body 49, .whitch bgr%ghas been set, from being seen, and

it is |ikew | ' - - nt5¥hed A
Li dre sour ce 00 s B chBa s ore 11 GhTmErT ne FRE P8I ed8raghensnonat

um nating the Lower surface 92, th

Li ght sour ce g4 eisi it 4ed psd@i 8oy @hterNBerbonbEeheani 38t 28 on :
shining into the through-hole 22 from bel ow, as shown in Figure 3. Figure 6

now shows the ¢GRS SsdH ) Sarfdt PH {heL i pvgis8UnbacengdPepbakebseCio0R efeOi Nt

- 86 now i ndi cates, once again, the position of the center of the X-ray beam
On the axes, the éndstades 15%,88l7 have graduations 95, 90. Since the outline
96 of the through-bore 61 has previously been seen, it.i's also known, on
observingth®& | ower swflabgh®2sotbheté 2heisuthpheyell fhe . Xitapihearing
accurately corres- ponds to the outline 96 shown in Figure 6. The

di mensi ons oft henel awsyt osu ofa ewhi 2, t hiei X- LagBtaseurnei 8énbedags Hosteddeded
with the aid of the graduations 95, and, noreover, this region can be
accuratel y defigidty Zttached tghkheagesing,ranpdeghinknpaystpadieagain,

whi ch are received by a proportional -type counter tube 97, which is :
screened in tHequghzhoteizecirom betev. raspabewpoirnEigrEBNPagm devi ce, by

ean f reen ._In . i di - - '
reans of a screen 93, |nsteag of, PLRYL S P! IRoLDLRYYTORHoS oA oo

10 ower surface. The intersection point 86 now indicates,
once again, the pdsition of th; center of the X-ray beam.
On the axes, the cross-hairs 84 have graduati§ns @5, 90.
Since the outline 96 of the through-bore 61 has previously
been seen, it is also known, on ..observingthe Lower surface

1592, ihat the outline of the X-ray beam éccuraﬂéty corées-'

"ponds to the outl%ne 96 shown in Figure 6. The dimensions
of the hegion_on which the X-rays are incident can be
measured with the aid 6f the graduations 95, and, moreover,
this region can be éccﬁrately defined. |

20 The.Layer-93 reflects X-rays back again, which
are received by a proportional-type counter fube 97,
which is screened in the forward direction, with respect
fo the diaphragm device, .by means of a shreen 98.

Instead of providing'the thhqugh-bores.ét fixed Locatfdns

25uithin a glass body, it is also poésible to use two.dia-
phragm-halves, 99 and 101, which are likewise composed of

a glass which is transparent to visible light, but uhfch

is opaque to X-rays. '+he diaphragm=-half 101 is located:

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




25within a glass body, it is also possible to use two dia- pﬁragﬁrhalves,
9% And 101, which are Likew se conposed of a glass which i,s transparent”to

' bl e I'ight, but which is opaque to X-rays. The diaphragmhbalf 101 is

ted above the diaphragmhalf 99, and, in particular, with a '

garance which is small, but which is sufficient:to en- sure that, on
bei'hg noved as indicated by the_dpgblLe arrows 102 and 103, the

di aphragm 9 Q t  gCr i nst. O of he hei r

nmut ual |'y %Q? ﬁgﬁfgSgpégﬁ qfhregg'ai";([jhr%g'gnﬂ?‘&l'al‘:\r}‘es1 %ﬁ’%’lég%égegél V-shaped

cut out s, Lch eal..aptispar all el d ar. tJ \ spect to a

p%\t"-g '_‘ngp’ k’s‘ BIMP@U tovofd Ay ﬁmﬁﬁsawpargaqaltfa{ C\?Ae%&u (&

central ane are the anti novenent of the

di aph : , 14qakh ' '
ral Ter 34 TR 1088 2P e 1PRrer R A AR AR o I ot 4508 e cquare
outline ofcthget BERYHETNGhE 1A tARRAr L ighD tifeP trﬂ&&ﬁ”ﬁj add PhagPRe 107. In

this manner, 1t IS possible to produce regularly graded square outlines.

If the Bghapsey €WbOUliaphP4gantalQe sarse nator ighdsedy edshbpiégare
acut e-angl ed or obtuse- angled cutouts, rhonbic outlines can then be

)

produced. chtoobsy WR&ch- 3bpead QuitdiplarklAd éls dHd\d ledsy miélt # heatut - out 106

Is nerely a straight end-face- ([ERR] "V' cutout);, it is then possible to
formtri anfjjtesrespdictf ¢oent cgadralOmpdtaniecs07.he icerd rred syl anef 10fe t hr ough
whi ch the longi- tudinal geonetrical axis 32 al so passes, always being the
princi pal apt iperatheli meyemenrt toifertdfeords apdiriagmhalvenfRet 10hereby nerel y
very small nasses need to be noved, and ”

the through~hote 108 now becomes targer or smaller, with-

1oout the intersection point of the diagonals of the square.
outline of the throﬁgh—hole 108 departing froﬁ the central
plane 107. | .
In this manner, it is possible to produce'regutarly
graded square outlines. If the V-shaped cutouts 104 and
15106 are not right-aﬁgLed, but are acutg-angled or obtuse-
'langled cﬁtouts, rhombic outlines can then Qe produced.
1f only one V-shaped.cufout 104 is provided, and the cut-
- out 106 is me;ely a straight end-face (180? "y' cutout),
it is then possible to form triangles of different geo-
2°metries, the central plane 107, through which the longi-—
tudi;aL geometrical axis 32 also passes, always being the
principal plane.
The invention therefore achieves the object
whereby merely very small masses need to be moved, and
25moved slowly, so that high accuracy is maintained, even
over the long service Life of the apparatus;
There are no $tops uhich can wear away, no

mechanical shocks, and no additional holding devices,

springs, or the like.

é

)




Zﬁnﬁved'sﬁommyﬁ so that high accuracy is maintained, even over the |ong
service life of the apparatus. There are no stops which can wear away, no -;
npchanlcal shocks, ‘and no additional hol ding devices, springs, or the Like%%??
-19-" I n~the case of the second illustrative enbodlnent Figure 8 clearly

shows that the mirror 46 is.conposed of a body 109 mhlch I s made of an
|norgan|c gl ass, and onto which a coating 111, of silver or alum num has
beeﬂavapor- deposi ted. A through-hole 3} which has a circular, cylindrica
shape, is machined into the mrror 46, co- axially with the Iongitudinal

~geonetrical axis 32,14 hire N0 fe 1d2 Wi 88candi AVBLSErat i keMmbodinentt e
mrror 46 is {ocated at an angle of 450 with respect to the Longi - t udi nal

geonetrical rgure3d dleadty Osxdw ot Rad lehbSmikRobULY, i50c8hAdsdlW @% angle
of 45 with respect to the mrror 46. The center of the upper opening of the
t hr ough- holae bl i109 00k Beh af s thed POob Nt aMhenerhRiLoggEwYi BAL onto
geonetrical axis 32 and the optical axi's 87 intersect. 15 The

t hr ough- hol evhikh cGarced sindialvel ano €l s ptveeal ooudluménunp s peérygamad-
ogutline. In order to ensure that sufficient |ow energy radiation passes

al ong -t he |stepasidiedd geovretoughthakes182, whiéck-hay aubérg8ipossesses a
beryl i umw ndow 113. 20 Mor eover, the through-hole 112 produces
absolutely|ﬁ7%&ﬂﬁﬁ¥#§%ﬂf%ﬁpﬁimﬂ5@m®yhb%aﬁ1*ntPhFBeregronr $fe second
illustrative enmbodi ment. coul d al sp enabl e even snaller throu h bores 58,
59, 61, 62, q&?ﬁk}ﬂuyEﬁnu%W%d ongitudinal geometrical axis 3 this

hote 112 hav1ng a diameter of 1 mm. Since the mirror 46

is located at an angle of 45° with respect to the longi-

10tudinal geometrical axis 32, the through-hole 112 is, in
turn, Located at an angle of 45° with respect to the
mirror 46. The center of the upper openihg of the through-
hQLe 112 is located at the.point where the longitudinal
geometrical -axis 32 and the optical axis 87 infersect.

15 The through-hole 112 can also have an eliptical
outline, or an bolygonal outline. In order to ensure
that sufficient low-energy radiation passes along the
Longitudinal geometrical axis 32, the X-ray tube 33
possesses a beryllium window 113.

20 Moreover, thelthrough-hble 112 produces absolutely
no sdatterihg of the X-ray beam in this region. The
second illustrative embodiment could also enab(e even
smaller through-bores 58, 59, 61, 62, 63 to be achieved.
The smallest of these bores could then even be, for

2ixample, a 0.05 mm bore, which would then enable measure-

ments to be performéd even on tiny objects.



The smal |l est of these bores could then even be, for exanple, a™0.05mm

; whi ch woul d then enabl e neasure- ments to be performed even on tiny
). @Ct s. 1. Apparatus for nmeasuring the thickness of thin Layers . e
Jﬂf ding to the X-ray fluorescence principle, with an X-ray beam gener at or
Ahi€h enmts an X-ray beam al ong a Longitudi nal geonetrical axis, with a
tabl e device, as the support f or aafhyer which is to be nmeasured, with a
dlaphragn1d nposed essentially of a material which absorbs X-raysS
conpletely a §%§§ §S|ng a through- aperture which can be brought along,
into the |ongitudinal geonetrical axis, with a light source for visible
| i ght whi chlcan be(ﬂnﬁmteduanforth@apgsﬁﬂgmtWanthim*magerOﬁhtbhnis to be
measured, with a nonocul ar m croscope arrangenent for view ng that region
of the Layertaxenshizhceheixgr &9 Beamitalelys, lamhdisdenceleprdocingeni widh in
the optical path between the nonocul ar mcroscope arrangenent 15 and the
regi on of tH& Yoy hed® 9RASORILAG appahatadst oot i 51y thearorloning
features: a) t he di aphragm device is conposed of a glass which is
t ranspar ent atd‘%ﬂ%i%‘l"é”l‘?ghﬂe%ﬁa rdicetter® xiSas esilds 3et2b g? HB¥dG8h- BSr es

(58, 59, 6 62, 63,),. , ferent cross-sectional geonetry,
and can besﬁﬁfbﬁqﬁP hagﬂér sﬁéﬁefh&g‘éﬁ ’éfHQKP?FW%ﬁﬁﬁrBBreggfﬁsa 59,

61, 62, 63, /108 | th the L t I
qeorst 1 cal AN T B8 PRS- a BRPBIGH. APE LG Doro Tari BBFBFaPbe in 25
line wth S%‘%é?“§£é§ggg X-rays completely and possessing a through-

aperture which can be brougnt along, into the longitudinal

geomgtrical éxis,.with_a Light source for visible light
1Ow_hich caﬁ'be directed onto the position for the layer
which is to be me2asured, with a2 monocular miCroscEpe
arrangemaent for viewihg that region of the layer on whicﬁ
the X-ray beam falls, ;nd,with a-deflecting mi;;;r in the
optical path between the monocular microscope arrangement
5and the region of the Layer, this meaédring'aéparatus
comprising the following features:

L]

a) the diaphragm device is composed of a glass which
is traﬁsparent to visible light, and either possesses
several through-bores (58, 59, 61, 62, 63,),

20 of different cross-sectional geometry, and-fan_
bé mbved in a manner such that one of the throughL;
bores (53, 59, 61, 62, 63, 1038) is, at_aLL times,
in Line with the Llongitudinal geometrical axis (32)
or has a tarough-tore (108) of variable size in

25. line with said axis (32),

# . L M 5§ % ) . ’ . T




- 21 - b}--’ ~.“ the deflecting mirror (46) is conpos ‘erial which, -
in practical terns, does not ab- sorb X-rays, and tﬁﬁmwauﬂﬂjﬁmum : @
ggonetrical axis (32) passes through it, c) t hes fBscope: [
arrangenment (78) forns sharp i mages  of hot h the diaphragm device )
(49) and the region (92) of .the Layer (93) d) an aimng device (84) is
provi ded in the nonocul ar m croscope ar &igenent, the ainm ng point (86) of

10 == this bdevice ithteerdeedte argitdhen 1 ongr t (66 hali sgeomprsedi @4l axi s

(32), in the optical-path direction (87), - that is to say at the point

where the Longitudi nal gedmetidlcaih tstis {B2)rpatiealt hesngh dfe sderdtect g

mrror (46). 52. Apparatus as clainmed in claim1, wherein the glass
is lead glass. 3. Aprdx U s, cind neliei hoep it Hdinahh@eeime the &ff ass
is flint glass. 4. Apparatus as clained in claim1, wherein the 20

cross-sectional geometryxis r&Raassss thecysledtibei ng unequal . 5.
Apparatus as clained in claiml1, wherein the cross-sectional g&%rget{ I S
square. 6. 2¢Appar at U PR i hieT3F APRE RREPEBRMERE rms
Cross-sectional geometry is circular. 7. Apparatus as clained in claim
5, wherein the cross-secthdfil ogb®#@efy i &FappP8timat Mg 0.9% 3Py a8Mm

device (49) and the region (92) of the Layer (93),
d) ~an aiming device (84) is provided in the monocular

microscope arrangement, the aiming point (86) of
10 this ‘device intersecting the longitudinal geomet-
ricél_axis (32),'in the opticaLFpafh direction
(87), that is to say _ at the point wheFe'the
longitudinal geometrical axis (32) passes through
fhe deflecting mirror (46). R
152. Apparatu§ as claimed in glaim 1, wherein the

g(ass is Lead glass.

3. Apparatus as claimed in claim 1, wherein the

-
-

glass is flint glass.

3 4. .Apparatus as claimed in claim 1, wﬁerein the

1 cross-sectidnaL geometry is rectangutar, the sides being
unequal. - |
5. Apparatﬁs as claimed in cLaim 1, wherein the
cross-sectional geometry is square.
6. Apparatus.as,claimed in claim 1, wherein the

25¢ross-sectional geométry-is circular. |

7. Apparafus as claimed in claim 5, wherein the
cross-sectional geometry is approximately O.Z x 0.2 mm
and/or 0.6 x 0.6 mm and/or 1.2 x 1.2 mm.

8. Apparatus as claimed in claim 4, wherein the



and# or r 1.2 x 1.2 mm 8. Appar atus as cl-aifed in
1m4(”mﬂ@"mwﬂuﬂ I‘I 22 - cross-sectional geonetry is 0.4 x 0.2 nm~
A1 1.8 x 1.2 mm 9. Appar at us as clraimed in
m 6, wherein the cross-sectional geonetry is 0.3 mmand/or 0.5 mm
artd/.or 50.6 nm and/or 0.8 mm 10. Apparatus as claimed in cLaiml,

wherein the dlaphragn1deV|ce (49 |s QUIded in a manner permtting it to,bF

shifted precisel perpendlc t udi geo rical axis
oh {0, RLSEL 3 P & £ 1 L% 0l hd2h ORI kR, S |
di aphra H1devi o %4%) zlsngw ded in a manner permtting it to be shifted ijn. "
a straFa {° iﬁé 2 Apparatus as clained in cLains 1 and 10, wherein

t he di phragm ﬂgw ce (\fgg)a cl.gaqi'mcgeéej 40'? rta,hmngr &’ﬁéﬂb% Fg Srotation. 13.]

Appara s as ¢ YT Srie or cedi hg clarnms, wherein tHhe
di aphr r tel e r 53, 54

onepengg?]gga\éfgg (04‘%) r%%g‘gerttp’glgés?(gég*b%?%@éé\g?ggeh?g%gﬁz‘ﬁg ((and 20)face
(57) 6h.khamothes hard. Ql@ss (54), and wherein the through-bores (58, 59,
61,- 62, 63) are machined, starting fromat |east one of these end-faces
(56) hoto theA%ratr'atQJsasassescl(%edS@n déaim 1, APReraiHsthe clainmed in
claim 13, wherein the 25end-faces (56, 57) are’ straight ‘and fl at-faced, gnd
t he diaphragm device (49) is guided in a manner permitting

it to be shifted precisely perpendicular to Fhe tongi-
tudinal geometrical axis (32).
1011. Apparatus as cLafmed in claims 1 aﬁd 10, wherein
the diaphragm device (49) is guided in a manner perﬁitting
it to be shifted in a straight Lline.

12. Apparatus as claimed iﬁ claims 1 and 10, wherein

the diaphragm device (49) is guided in a manner permitting
15

rotation.

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

ceding cla%ms, wherein the diaphragm device (49) 1incor-

porates ét least two part-glasses (53, 54), one énd-face

(56) of one part-glass (53 befng"adjacent to one end-

20face (57) of the other part-glass (54), and wherein the
éhfough-bores (58, 59, 61, 62, 63) are machined, starting
from at Least one of these end-faces (56), into the part-

glasses (53, 54).

14. Apparatus as claimed in claim 13, wherein the
25end-faces (56, 57) are straight and ftat-faced, and the
gap present between the end-faces (56, 57) allows an-
amount of X=-ray radiation to pass through which is smaller

by at Least one power of ten than the amount which can

pass through the smallest through-bore (58).




« .

gﬁp present between the end-faces (56, 57) allows f o X-T i
radi at’ion to pass through which is snaller by at Iamm % " Eten

t han 't he,anount ' whi'ch can pass through the small est LT - ) [HE
-23- 15, Apparatus as clainmed in claim14, wherein the end-faces (56\.
57). are plane-polished to the extent_rgz Quired f.or winging together. 16:

Apparatus as t$ai med hAppskakUs 4s 2landeld indWherigi N g HdVLHpNefwr es (58,
59,561, 62) are nmachined nerely fromthe end-face (56) of one (54) of the

part- gl assesend¥faces APPar 87usaee pllainEBPoild shledd Mol .t & Aidh i hea gl ass
is transparent to visible light, and is colorless. 1018. Appar at us as
clained in clauirédd Wberermnghaguppeetawrface (51) and the Lower surface
(52) of the glass body (49), which is conposed of this glass, are o
positioned soléhat thapparetperpendiledimad tio tcha imarisgi 5 tandi Mad, geonetric
axis (32), d wherein the upper sur- 15face (51) and the |ower §urface _
(52) are poldwmegein. theithopuphnbomes1358, 59hpgdr,att@d @ eclmeiateiched cl ai m
1, wherein the mrror (46% possesses a supporting |layer (47) which is
conposed of WGP LAnfEOBI 588 - agadnifiaste i L Séoawdd oniet H 54 Inwtfalt hea@ar 120
Appar at us as c*ained in claim19, wherein the nmetal (48).is silver.. 21.
Apparatus as £13F%®¥*in claim 19, wherein the netal (48) i's alum num

17. "Apparatus as claimed in claim 1, wherein the

gLass.is transparent to visible Light, and is colorless.
1043, Apparatus as claimed in claim 1, wherein the
upper surface (51) and the lower surface (52) of the
glass body (49), which is composed of this glaés, are
positioned so that they are pérpendicutar to the Longi-
tudinal geometric axis (32), and uﬁerein the upper sur-
;5face (51) and the Llower surface (525_are polished to .a
" mirror-finish.
19. Apparatus as cLaiméd in claim 1, wherein the
mirror (46) posse#ses a suppofting Layer (47)'which is
composed of an orgahic_giass, and which is coated with a
20métal (48).
20. - Apparatus as clafmed in claim 19, wherein the
metal (48) is silver. |
21. ' Apparaths as claimed in claim 19, yherefn the
metal (48) is aluminum. |
25 22. Apparatus as claimed in claim 19, wherein the
coating (48) is appligd by vacuum=-evaporation.

23. Apparatus as claimed in claim 1, wherein the'

magnification factor of the mondcular microScope (78) is

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




. arat us as clalrred |n claim19, wherein‘the coatlng (48) J.
P ed b w "ﬂﬁwﬂm’,' on. . Apparatus as.clainmed in claim 1,”
AT A& factor of t he nonocul ar “m croscope (78) is-a - =#

vvh| ch s pref efrel in the deci mal system exceed- -24 - ing 9 and
$s“t han 41. 24. Apparatus as claimed in‘claim23, wherein the nunber
I s 20. 25. Apparatus as claimed in claim1, wherein the aim 5ing e

device is se cross- E Lrs é84r 26 - Apparatus as claimed in cla T
25, vvherel'H'"! he %&%s 875t h828r 8ds- hai rs (84) possess graduations (95, 97).

27. Ap?@r at us S@gSLQ*U‘E(ﬁ) cngl %‘d ” l,'v\/r}qr eil n Jjhe en,pecul at( m croscope

(78) has a stngle pl ece wher éim a 1%is -6l enent ) can be
br ought thgal path (87) of the mcroscope (78), according to
choi ce. Q&&mﬁQPASQa?gt us as clainmed in claim11, wherein the deflecting

mrror (4625 | S trapsparellst @st Re aliQwuener Q;Xaﬁx QO”WEnPfti G L ay

radlatlon 29. Apparatus as cLaimed in claimZ, wherein the deflecting

mrror désd@pnp@seg gf s@lkass, c2BdscaRtiaisnggarhole which is in line with
t he Iongltu I nal geonmetrical axis (32). 20 30. Apparatus as clained in

claim 29, aderein Appafabobecapogiained dnl @n@iimudisnalyaa rial axis

which is positioned at [ERR] to the plane of the deflecting mrror
axes of the cross—-hairs (84) possess graduations (95, 97).
27. Apparatus as claimed in claim 1, wherein the
monocular microscope (78) has a sinple eyepiece (79),

10 a3nd wherein a lens-element 683) can be brought into the
optical'path (87) of the microscope (78), according to
choice.

28. Apparatus as claimed in claim 1, wherein the
deflecting mirror (46) is transparent to the lLow-energy

a 15 component of the X-ray radiation.
29. ; Apparatus as claimed in claim 1, uherefn the
deflecting mirror (46) is composed_of glass, and cpntains
a hole which is ip line with the longitudinal geometrical
axis (32). |

20 30. ~Apparatus as claimed in claim 29, wherein the

hole possesses a longitudinal geomeprical axi; which is
positioned af 45° to the plane of the deflecting mirror
(46).
31. Apparatus as ctaimed'ip claim 30, wherein the

25 nhole possesses a tpansverse measurement in the range 0.5 -
2 mm, preferabLy approximating to 1 mm. |
32. Apparatus as claimed in claim 1 and one or more

of claims 28 to 30, wherein the X-ray beam generator (33)

'has a beryllium window.




-
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(46). 31. - Apparatus as clainmed in claim30, wherein the 25 hole @
possesses a transverse neasurenent in the range O. bly
approximating to 1 nm 32. . . Apparatus as clai meElIIl“ﬂ“MEI“"llﬂﬁ one or

nore of ‘claims 28 to 30, wherei n the X-ray beam genéranrL(3'3) $'has a

beryl i um wi ndow. - 25 - :33. Apparatus for measuring the thickness .

thin layers according to the X-ray T |ardrescence p'ri nci pl e, substantially

grein descri with refere ce tp the acco an dr awi ngs.
b)@ q; or measur1r1!x% t %hlckness of thin

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

. accompanying drawings,




