TI TLE: "DEVICE FCR VEASURI NG THE THI CKNESS OF THI N COATI NGS The present
inventiop relates to, a device for measuring the thickness oi;ﬂﬂbgdggfgings
by neans of the X-ray fluorescence pringiple wher €i n a beam of Pri'mar
X-rays is directed on to a coated tesf specinen and X-rays enitted @
by the test™ specinen are counted to determine the thickness of the o2
coati ng. Devices of this type have been described, for instance, in

Ger mgn -Pat ent Di scl No. . i , tce 49 made of
gl assd¢s used. Thi s%t%igﬁ mﬁm@mw
configuration when installedr |lfgmpuwshPeydggndered usel ess | ong before
actual ly being destroyed, for-imstance, Tf the geonetrical |ongitudinal
axis 32 of the X-ray beam no | onger coincided with that part of the optical
axis 87 which is adjusted to coincide with said geonetrical |ongitudinal
axi s 32 by neans of THe rpresen#6.indenidnl atelabes utsaii sdeciosy fért he
t hrough holes 58, 59, 61, 62 and 63 described in the Patent Di sclosure no
| onger run par adaduning hethlgeondiiclasd s s oof)i thith nada tikngs 3y Mmeams ard§ it
woul d al so be detrinmental if the glass body 49 was scratched, because the
area illum nat eheby X+ray i ghtuemrsesn @l poineipbeirwheheir caulkleao | ofiger
be so clearly seen etc.. The said device describes an arrangenment wherein
the gl ass body MOLRarihof-—30pvskd dbreesd dimge? s2 beeatied taet copeehBen3 is
inthis case laid on a through hole 22 and, thus, the-test specinmen can
never come int @bntta¥d t FRHE I akePpdypogthe test specimen are

\,./ : counted to determine the thickness of the coating.



There are, however, measuring devices of this type in which the test

speci nen to be neasured is positioned, either under its own wei ght or, by
nmeans of plasticine or simlar, on the top side of a stage. After the test .
speci neg has been pl aced on a stage the stage'is raised within a housing
unt i | est speci mren has been driyen from below to the correct distance
fromtXe/gl ass body 49. Seen fromthe viewpoint of Patent D sclosure No. 32
39 379 such measuring devices are upside down. The principle part, which
can be noved over | arge distances, is a stage on which the test speci new
lies. The test specinens lying on the stage can be of different heights. If
nmeas- urenents are to be made on-a high object, the table nust stop at a
greater distance fromthe glass body 49 as is the case for thinner test
specimens. As is the case for npbst measuring devices of this type, the
stage here is also not noved manual ly. \Rather, the displacenents are

mot or - drii ven via conputer software. As is the case for a mcroscope,- fine
adj ust mbavisesno$tthibe tppedbavieyberanidsenitledzyfor ifistarde rEndeomesn Pdtetthe t est

Spect Mg ALY AoY J2MTPIRE! derk OB ko PYARE S fldk|ot Ofasd soW tenths of a

mllimeter thick to spectacle franes, and can, extrenely | i ght or

ext r emeMyeth ety cobmataredeyice Y Ristyrealy ‘Bﬁ@iber“a?ﬁ?é‘ﬁi'ﬁﬁ pe "®¥hsi der ed heavy

|d n thisiasameal rominobed¢nddréd uidiess @amOBeroné aswm ¥ béxg, dets’ﬁ‘tﬁ)y@ct ,age is
riven too GONE | ntact with the
colllnat r’&%@?%@ ﬂﬁg%HF%ﬁe qhgeéfég and cgﬁsg fFlFSmng scr at ched
or can Benqyrecm@dd%dgmtrhsthatIP@I”@:@IFI mb‘rcalielxi‘t@srdmh fihadjusted geonetry Ii/

no | ongepifePd ffth Qfid 'cﬁeorh&r&@mbﬁ‘éﬁb&ﬁnE“ﬁ%HsOBQ@y mTahﬁ‘s 9Pi18€ tmi Plor 148, S
I nventi (}n \Joﬁ'ldt (a)'ls%rlg)evlms%t%fggtfog}ynfdt e throug Ih% es §8 b% 61 %%( and 63
described in the Patent Disclosure no longer run parallel to the geometrical
longitudinal axis 32. Similarly it would also be detrimental if the glass
body 49 was scratched, because the area illuminated by -the 1ight source 94

to be found there could no longer be so clearly seen etc..

The said device describes an arrangement wherein the glass body 49 is not
exposed to such dangers because the coating 93 is in this case laid on a
through hole 22 and, thus, the test specimen can never come into contact
with the glass body 489.



. pénsive and provides reliable protection to the collimtor device, which
- has negligible or predictable effects on the neasurenent results gswell as

(

al I owi ng the designer to retain the established construction of sf
devices so that operating personnel do not Zhave to be reeducated WA ilﬁ%

. use. According to the invention there is”provided a device for neqsufing
the thickness of thin coatings by neans of the X-ray fl uorescence /
princiiple wherein a beamof primary X-rays is directed on to a coated
test ‘gpecipen and X-rays emtted back by the test specinen are counted to
det er mi ne There Rrexteysver. mpeswdagideyicenmsr thisngypeain)hish tiendest apecimen

col | i mat or yeleyy fgadited! & ga%iif'?tfn)éﬁ('éiat}ﬁér B S Cour Qi B¥ P Hebh P ehack
by the test_speci.nen, stage neans-having a Tlat”top sirde opposite said
col | i mat or PlRstiedng or simbarsion thectopesidespécid stnge a Adterpithe etestt spevimer

for novingpsali t Fqﬁp ' t dj i o t [ L X-T ay
beam towardsézg%gﬁa@g@e rom%sg?a do*lfe?%?%ér]qaeﬁigg? "ﬁ%&%&ﬂ?"ﬁb@f%ﬂea
bet ween satestsisageimenahas deen sdriider dfiromniselow tie\the econrkot alitbared fbemaat h
said colli r i1&e, i means,. bei.n i.en appr oxi pat el,y
right angl gﬁésgobgﬁ)é 4;&%%25%?({3% prmt gfoﬁatenéeoqscpgsure H@_ %E 3@379
such measuring devices are upside down. The principle part, which can be
moved over large distances, is a stage on which the test specimen lies.
| The test specimens lying on the stage can be of different heights. If meas-
\*/ urements are to be made on a high object, the table must stop at a greater.

distance from the glass body 49 as is the case for thinner test specimens.

As is the case for most measuring devices of this type, the stage here is
also not moved manually. Rather, the displacements are motor-driven via
computer software.

As is the case for a microscope, fine adjustments must be made by hand and

eye. The dimensions of the test specimens'cén vary immense1y'from, for exampTe,.
foils of a few tenths of a millimeter thick to spectacle frames, and can, thus,
‘be extremely light or extremely heavy. Specimens weighing only one gramme can
be considered heavy in this area of technology.

If, for reasons of some error, the stage is driven too high, then, the specimen
can come into contact with the collimator device embodied by the glass body
and cause it to be scratched or can be pressed against the collimator device
such that its geometry is no longer correct or it is completely destroyed.

The object of.this invention is to provide a safety device which is both inexF

pensive and provides reliable protection to the collimator device, which has

negligible or predictable effects on the measurement fesu]ts as well as allowing
- the designer to retain the established construction of such devices so that

operating personnel do not have to be reeducated in its use.



drive means for inparting periodic notion to said rod means for mevenent
approximately parallel to said flat top of said stage nmeans. - O course,
the periodicity inrelation to the rate of displacenent of the stage unit ,
is large. If the test specinens are sufficiently light, they are sinply
swept omthe stage unit. The stage #Tself can then be braked on the

si gna a mcroswitch, the latter being sinple in so far as the stage,
con- flgurationwgever changes whereas that of the test specinen does. +4.1is

far better to sveepPTdtn8estOspblif mbRVEREAPRNENEFSgdSunPrOVALRdt 02al | owrt he
[1i- t devi to b t . _Th t I, ld, f

ol e haleY %% Tof nersar RO, e | EAF CRFAss OFctBiinaRas iBem BY the =

f t f i th ti i ' d. . ‘s|.ight est t act

w oh the cobralst oft o & BLhRY iubRe SRR BESHoARRE, S MhEEE Rc: fon aue to

the very highasustage: gt ey skl fa 0EneLaheflecTlg LRALU! & AL eclal gLgeal | ow

that sone test spec re not swept from rat her "bring the

stage unit éﬁeé‘ixﬁéﬁndﬁMi(-r'a_{?"éseﬁaﬁté‘eéob%icoﬂyf EBeSUQthagfﬁﬁ‘ﬁ’B%e the

test specinen is so heavy that it either stops’the rod or east

nonent ari | yapé opgoli€ed Oflo agetérRinENEhet BR1ERBELBERBS BHENcBARYKKI ONs are
provi ded by heavy test specinens as well as by light test specinens which

are fixed teompeisinge unit by plasticine or simlar. The features of claim
3 allowthe rod to emt only secondary X-rays which do not falsify the
measur ement resuam.X+nayagénerdtooyl d al so be possible to cut out
electronically in the software the tinme interval during which the rod npves
t hrough the X-ray ®ebhimator device for the primary X-rays, .
a counter for X-rays emitted back by the test
specimen,
stage means having a flat top side opposite said
collimator device for supporting the test specimen,
a displacement device for moving said stage means
in at least the direction of the primary X-ray beam
towards and away from said collimator device, rod means
positioned between said stage means and said collimator
device, c¢lose to and beneath said collimator device, N
said rod means being oriented approximately at right
angles to the X-ray beam, and
drive means for imparting periodic.motion to said

rod means for movement approximately parallel to said

flat top of said stage means.



n order to have as few secondary X—rays as possible, the rod could al so be
made of carbon, mhrch has an atom'c nunber of 6. Such a rod nmust, however,
be manufactured, it'is ‘fragile and nust be relatively thick so that it can
dupport its own weight. Wth an atomic nunber of 12, magnesium woul d ai,

be a good choice. However, because of its general avallablllty, alunbn(zgl

as per claim4, nust provide t he best soéﬁéron A device as per cla
cannot_be beaten for price since it is a-lvass produced article which has
aIreQJy t he approximate length required here, which is avail- able'in

: various dlaneters and on mhlch no further mork |s necessary Even I f the
knitting Faé jek abbieke pid-breg AeaH h b aro hall86at mas
anodi zed c»atlno on a

protectrv-

~ since the oano@urged ﬂceatpengodm By ciwna@wtdoﬁfthuee:rataw ah ymznﬂehtai:t tolfethe
atomc nu oat ed ga is effectively | ower_ than_t

h
al umi ni um® Sﬂﬁ:r\‘"ﬂ%d’gs Cliaﬁg?)'arlt hR ZESTURRSCiTRIS BEe isuTEigdently Hdgh'&ed:lhéy argke

up such assmply swept Aroff thid1et3G0Rnst ! THbastaReAi{dRAF EdiE tRBRATAT BRBRI on the
accuracy ig nqgef ected and this e;fect need not, be accaqunted for Such a

light rodSdgRAbeT, aMigroswitehat theell gtiarghe NmBRPISE Th SPolfar i andhp tage fone

Wi t hout r ¢¥RgiFEE oAt ReveirobhAiges Ofherebal thageo |the\’@$|tdsﬁéc5'1ﬁleﬁ’eddé§551tb|1§ 4
"nove the rod in the transverse direction beneath the collinmator_device. |n

this casebPehtfRFersweap bR test srRaGiNeH f"ﬁmatheeéﬁﬂeo“"bfattihﬂg tealjovy thwreﬂh-
it can bembtsPYRvIEOUHo Be Sdipbled tt|8€d5 ' r RBS¢ %‘abEMéﬁ b§uﬁyt ?@iatéxﬁ

proyided and, in addition, the S|ng bearing can be used |nce
‘the col | i HaY®rtheeEowm offt &gy indrisadt pin grﬁt %ﬁﬁgF'éﬂsﬂ D@5tmreov<-ﬂeeyf5%ﬁnfa€m@f

f eat ures ghi&h ahl SRyl £ thhee FRABUSA. eFhe $PgIECEAdntact with the collimator
plate would in this case lead to its destruction due to the very high surface
pressure generated.

‘The features of claim 2 allow that some test specimens are not swept from the
table but rather bring the stage unit to a standstill. This is a solution for
such cases where the test specimen is so heavy that it either'stops the rod or
at least momentarily stops the rod as it brushes the specimen. Such conditions
are provided by heavy test specimens as well as by light test specimens which
are fixed to the stage unit by plasticine or similar.

The features of claim 3 allow the rod to emit only secondary X-rays which do
not fa]sify the measurement result. In fact, it would also be possible to cut
out electronically in the software the time interval during which the rod moves
through the X-ray beam. ' '

In order to have as few secondary X-rays as possible, the rod could also be
made of carbon which has an atomic number of 6. Such a rod must, however, be
-manufactured, it is fragile and must'be_re1ative1y thick so that it can
_support its own weignt. With an atomic number of'12, magnesium would also-
be a good choice. However, because of its general availability, aluminium,
as per claim 4, must provide the best solution.



Y

The features of claim7 allow the frequency of nonitoring’to be doubl ed and
reliably exclude problems -of unbal ance. Thé features,of claim8 allow the

count.er, whi ch receives the back-scattered X-rays through a very thin ¢
fr agi, wi ndow, to be protected at the sane tine. Thus, both the counter
and collimator device are protect®&. The features of claim9 neéan that

the r must traverse through a larger radius. The resulting extension:of
the rod, however, is far outweighed by the protection of the nount si'rlg‘.e,
for exanple, if the mount would be pernmanently deformed, then, the

col |'i geddyicdeyd %@rv\&lﬂﬂ ?Q:aﬂﬁémeﬂéiﬁéndf&orp'r%@ %Hﬁge Vit P?Lht mabs tb‘?b&tgced
destroyed. features of claim 10 allow both a sinple neans 't ri

t he shaﬂclaswmm hass ajreadnithe, qmraxmaﬁm tengiih raqui red heree Wbmcharsdamlt-o
whi Chaﬁﬂ? O@aﬁggylﬁaﬁkm ahi!d n Qﬁuﬁ%’"ﬁ@pfmgert %}ksﬁef\égﬁs’éé 0 vteheﬁstt?ige

unit. | ncreased current consu I‘IC no
when km u:tnauerz#edhd/shouéd depdeatt @aslbeyebeﬂusbehtastaamhgnegamrh&e Auedizedn

fo opcrifoyd o 4] AT ndReindl pEliteCBloViEs ATREAA] e 'mHG R il tat ol
must bimsaxpéﬁacd:dvehanﬂeqmawmgspn duebiant filwishdegiande! §1noel the:anedﬁndnwa:mg
curre e I_ne. bderat]Q houl d. al so Q the fact
Chat - The EymRauRdrot skded oM BRABLIEL 2 laRil et iR Hie Pafed Breeis,
t oo feffecaindelyhdswean thardihaitcofrad ominiumb maumdsqningantimulad Ween eheli red.
Rot at ra 5 woul d be far 0 nc |o| est
speC|+ cﬂé ré?‘%ﬁ’%%%ﬁﬁ? gﬁ% utPatit 8 %War] ﬁ%ﬁ?eﬁ:ik 'H"é'ééﬂs@ay
its athdtltyefmeasﬁremEnadamcuraeﬁtms hoe affegiedunnd  thas éﬁfbyttnéeﬁvnnnib!eidtounted
sl owl {or. as.ﬁé’h g lI}/geh\. r08 can be run at a relatively high number of revo'lutwns per
minute without running into problems of unbalance.

It would also be possible to move the rod in the transverse direction beneath
the collimator device. In this case, however, it must be mounted in a recipro-
cating bearing. When it can be turned about a shaft, the required periodicity
is automatically provided and, in addition, the simplest type of bearing can
be used. Since the collimator device itself lies at right angles to the X-ray
beam, the features of claim 6 provide the same safety gap overall.

The features of claim 7 allow the frequency of monitoring to be doubled and N
reliably exclude problems of unbalance.

The features of claim 8 allow the counter, which receives the back-scattered
X-rays through a very thin fragile window, to be protected at the same time.
Thus, both the counter and the collimator device are protected.

The features of claim 9 mean that the rod must traverse through a larger radius.
The resulting extension of the rod, however, is far outweighed by the protection
of the mount since, for example, if the mount would be permanently deformed,
then, the coliimator device would be permanently disorientated without it

being destroyed.



periodicity of the rod is sufficient. ‘The invention is now descri bed u5|ng
preferred illustrative enbodi nents.. The drawi ngs show Fig.1 A
cross-section through the housing in which the device is seen as a s
View Fig.2 AviewsimJlar-to Fig.1l, however, with a parti al sec_w_

t hrough the -device w t hout housing and 02 an enlarged scale. Fig.3 A
det ai |l ed prospective view from bel ow of Fig.2 including cutaway housi ng.
- Fig. 4 A detail showing the rod fixture on a still larger scale. Fig.5
A bIka circuit diagram explaining the electrical processing of the safety
signals. To facilitate orientation, those reference nunbers assigned to
parts whi chlhewefeatused oifnc Eammidh Nivertothi scshmllle anedds 3B drvdiate dhado as well

t.ai ned, .t trical | 2, th t ub
Che bar1 B8Rl bR I0F e 8 manfEP HhEC S 0% Unds wp G n ey thd rBd shoutg
the pr opors'tmralstctbvrdresw% \nhé Gﬂtslteipﬁﬂcﬁmémeframnﬁlef CLEYT Qmﬁndnpiddittwﬂ Itte
the sane confi r ion, or the sane % i The i ght s ur c % ?
descri bed |’Hc'f%é a‘E‘ErTF"b%""SE’F‘?st‘GFe" dhg| electpiqadte ef‘n”i Ea ‘?ﬁ/éﬂ”‘ﬁ'n

but is not sdopeVtanfedtdnyi o uddd iss 6l oppdion all si des and can be opened
fromthe operating position by a loading hatch. Through this, a test

~specimen 13 can be laid on t he Thd agetdd when this is at its botton1
posi tion. &h@-—&h@@%@&ﬁ-ﬂ-ﬂfénbm@ derdf t\BvOlat ndlthe dred®toabumphion
drive unit not shown al | ows
- of the electric motor to operate with relatively inexact threshold valtues since
' Y in practice it must be expected that the displacement device itself will consume
: more current as it ages with time. Consideration should also be made to the fact
that the types of electric motor to be found on the market might all run too
fast and thus an electric motor with reduction gear would be required. Rotation
rates of 50 to 60 Hz would be far too high, since light test specimens may not
be blown about due to air turbulence. Since, because of its ability for fine
adjustment, the stage unit can only be moved very slowly, a relatively low

periodicity of the rod is sufficient.

The inventidn is now described using preferred i]lustratfve embodiments. The

drawings show:

Fig.l A cross-section through the housing in which the device is seen as
a side view. | |

Fig.2 . A view similar to Fig.l, however, with a partial section through the
- device without:housing and on an enlarged scale.

Fig;3 A detailed prospective view from below of Fig.2 in¢1uding cutaway
" housing. '



the stage 14 to be driven up and down in the vertical plane as per the
arrow 17. The stage 14 can ‘al so be driven i'n the horizontal plane in both

x mnus X and Y directions, as synbolized by the arrows 18 and 19 in
J)n the side view, the test specimen 13- has the ctontours of a cable
e geonetrical |ongitudinal axis 32 passes through it. The housing.
11 al so contains a head 21 which is staﬂﬁbnary Wi th respect to said housing
11 and to the stage 14. The head 21 contains electrical circuits, drives
etc. which are of no interest to the current claim Fastened to the bo™ om
side of the head.21 are the X-ray tube 33, a shielded | ead tube 22, which,
I n thi ase, ' )f rough l,es34 described in the
Pat eE!ti&D&scl &3?2?*?%5’&#% \lfmﬂgh%tdhgmgkgiﬁonugi f’lgﬁ 1a.>|<?rsgeg25ﬁaf:'5'bal | cock 41,
the 450 mrror 46 and below, in a nount 23, the glass body 49.

Nat u ley, t . ved or-di tq the state of the

art, ?ﬁf%s fgf bgéé?ts‘:‘?ggﬁte?zgg@\}?%ﬁgf‘?%E{f‘ﬁe‘*@&?ﬁﬁﬁ Pmc@ﬁah“%ol es into

al i gnnent. Thef phepsafetprsdignatsinter 97 is fixed-.to the head close to the
conpact bl ock, which can be particularly well seen in Fig.2, so that its

wi ndow 24 col |l ects as many back-scattered secondary X-rays as possible from

L he Tesfacipttitecorightalion, these rateredte afumbbes RsopPged 60 Pareowhieh 97,
owever

lies. a.littl] i gher than t r. face, 27 of . the ,gl ass_body 49.
e WFtes dshEoi serdn BrEATtiBEsCIoRrs 2ok sTRONBE: pelh ahe (Neds HTRAY gugh
IhOI etk §§bm@ﬁ"il¢ﬁ:vﬂd§gitgﬂﬁnﬁ¢mkr ?Eﬂthb@?@iayz’gmihﬂgl thE Eaﬁzc@c?c !@Qll Fig. 2-_
n accor dance ig.2, .an electric nmptqr 28, havi a geometrica
I ongf}?%dﬁ’ﬁé?r i’saﬁ,gq?is er8¥04%’ F'i‘%(é’&tf%ﬁt ﬁémﬁaewrgae d?mf’ﬂ‘ét’ﬁ’é&ll 21 ~/
di r e€oiritet097 fidiEh GleitaPi thBesdMeOR@RdtiORAnd-BrcIhaPily the dateSEHMgUddtl

single piece reduction gear_ 31 '
ion or the same tasks. The light source 94 also described in the Patent Dis-

closure is also to be found in the invention, but is not drawn.

A housing 11 is closed on all sides and can be opened from the operating
position by a loading hatch. Through this, a test specimen 13 can be laid
on the stage 14 when this is at its bottom position. The stage 14 has a

flat top side 16 which is also horizontal. A drive unit not shown allows

the stage 14 to be driven up and down in the vertical plane as per the
arrow 17. The stage 14 can also be driven in the horizontal plane in both
plus and minus X and Y directions, as symbolized by the arrows 18 and 19

in Fig.3. In the side view, the test specimen 13 has the contours of a cable
shoe. The geometrical longitudinal axis 32 passes through it.

The housing 11 also contains a head 21 which is stationary with respect to
said housing 11 and to the stage 14. The head 21 contains electrical circuits,
drives etc. which are of no interest to the current claim. Fastened to the
bottom side of the head 21 are the X-ray tube 33, a shielded lead tube 22,
which, in this case, has the function of the through hole 34 described in

the Patent Disclosure, coaxial with the Tongitudinal axis 32 the ball coﬁk 41,
the 45° mirror 46 and below, in a mount 23, the glass body 49,



the drive shaft 34 -of which as per its geonetrical |ongitudinal axis 36
runs perpendlcular tg the underside 27 and, thus, also perpendicular to the
top face 37 of the stage 34. If the software or an-operator applies a ..
voltage [err] to the terminals 38 and 39, then,- the nmotor 28 runs andghé
drive shaft 34 turns in the direction sh by the arrow 42. The spe%é&b
revolution lies in the Hertz region. nping disk 43 is fixed rigitefy to
the bottom of the drive shaft 34 at rlght angles to the | ongitudinal axis
36. A%mounting groove is machined into its botton1face The bottom 47 of

t hi s noumiit3ga AVQOMRe 44 tg t S n 1.S4 36
or - what, am)untyg to t@h?aiésgangﬁ- ggsﬂgﬁgﬁ%ﬁ %%&trﬁz n e?’gel 5ttygé7%%l t'ﬁiﬁt

gl ass bod{ agdFarTae itniis tnesgssanydte brdng stheewarious nthroughmohes ng\tgri)b\gamdm:
The for I LLC r o] | S I

cni ¢t ngq‘as*e‘%% rElGR Soutet 97 3b Pl S D E0T @ Pcdbat gk

its ends¥ Tﬂé%ﬁubﬁ mgtgmd@vbymﬂmaeo smemgom shathatbétswd edaw - 2i4teollects

di amet er e _knittin dl e eath

under si deégﬁary]%?é g%%\rqgs%]@ag%& taér%%ﬁﬂgffeafgmgcﬁ‘@mg SB?% man 13.
screwed ffherﬂdmlrofauenﬂﬁ dmrtbecta'dpbi-hmdahcdoaatan sbotrhawevde,s 10és tah @i brhenhi giger
groove 4 e e count ersunk he

SCrews 5§h?| rtg" ﬂéﬁﬁr{n ?H)\rbf‘z fee Feg%fs °th§&n§ﬁ‘ﬁt$ g'?%}é ég 4% aﬁﬁv'ﬁdﬁgv‘i’m
of the f&broughahoidefrommhich tﬁeetﬂmjutghlh‘(genebdhﬂeﬂ&psﬂmv\haé dquometrica% longi-
crown 51 he frontﬁkaces of Ihg heads of the countersunk head screws 53

al s |et3 b’{Fé AL prraf® REE h’ﬂe‘ ‘by the crown 51 of the knitting needle, as
per ¥'g. 4. Level with the top side 16 is a horizontal cover plate 54

Flo. 1 onlh. 20ROnAETus b FRIT 1662 G FLGITH5 TOGF AioRey B9 BISSOHENHEAY Iordhpdinal

wor ks wi Bh1§ 29 ,COy &Fight Py Fixed to the underside of the head 21 directly to the right
of the proportional counter 97. It is shown with a single piece reduction gear 31
the drive shaft 34 of which as per its geometrical longitudinal axis 36 runs
perpendicular to the underside 27 and, thus, also perpendicular to the top face
37 of the stage 34. If the software or an operator applies a voltage UB to the
terminals 38 and 39, then, the motor 28 runs and the drive shaft 34 turns in the
direction shown by the arrow 42. The speed of revolution lies in the Hertz region.
A clamping disk 43 is fixed rigidly to the bottom of the drive shaft 34 at right
angles to the longitudinal axis 36. A mounting groove is machined into its bottom

/ face. The bottom 47 of this mounting groove 44 1ies at right angles to the longi-

‘tudinal axis 36 or - what amounts to the same - is parallel to the underside 27
of the glass body 49. The knitting needle 48 is seated in the mounting groove 44.
The former has a circular cylindrical cross-section which, as is usual for knitting
needles, tapers to a short injury preventive conical tip only at its ends. The
mounting groove 44 is so shallow that, because of its diameter 48, the Tower
crown 51 of the knitting needle Ties beneath the underside 52 of the clamping
disk 43. Countersunk head scfews 53 are screwed from below into threaded blind
holes on both sides of_the mounting groove 44, The tapered lower faces of the
heads of the countersunk head screws 53 hold the knitting needle 41 in the
'mounting groove 44 and in view of the fact that they contact the knitting
‘needle 48 somewhat above its crown Sl;ﬂthe front faces of the heads of the
countersunk head screws 53 also lie above the plane defined by the crown 51
of the knitting needle, as per Fig.4. ' |



54 and switches, if - for exanple, wthout the test- speci'nen 13 - the
cover plate 54 is driven teo far in the vertical plus Z direc¢tion. In
operation, the knitting needle 48 traverses a circle. If it cones into *
contact with a test specinen, -then, the current in the seri‘es resistor 57

I ncrgases. A conparator 58 is connected parallel to the series resi'stor 57.
Thi'ﬂwp | d have to have threshold values |ying nuch too near to another,
howeveér, if the smallest changes in curent in the series resistor 577 were
to be used. In the case of a reduction gear, as used for exanple in t N
illustrative enbodi ment, such fluctuations in current would al ready be
generated if one of the gear wheels were to run slightly excentrically. In

thi sLewngeith thensog isidé Y16 Woi £ moeadbial beovepVETRE W whileh GRIPSI AL 8hg 58

with, industrially justified nmeasures, the test specinen 13 is swept from
the O & %’tré *%‘F g#% 4k’ﬁﬁ&"??ﬂ§eﬁe§%he@a%cas‘d>'t HhatFigel oahys A micneswitshar y,

on t b iBo¥exed!tat Ehd4ndérsildecofane fadN2R\WhiERSlorRkPAFItREERe Laver L@?aéﬁé‘i tting
need#g brushes .t he Iestgﬁpe0| n 13, nmonentarily h ever 1 ncreasing force

t
as the Adageitehess iy r BT eXanRles\ithous) the Gesizvgaw’@@mb%.- kbevcover t age
fl ucpusiel 90Si sMar§ers 280 PRI OGRS 96r iR a R mwrﬁirabtﬁwrgﬁ ?%Qrﬂatﬁ%naf e

generated at the series resistor 57, Mreover, it can, urse, utilize
the tRA kagktingpaedienaf frayenses Recinslresl ff 48 eames Brtonpentachewithi ati ng
needt @ tpbeingndugién, O RPIcFlrt 4R theskePat hds tgge j unps
gener at edpat the.serni egﬁgr)ggi ?f‘%tr 57&03;%1 be Q\béﬁﬂf&%?ﬁ&%ﬁg\é%'@ar ator 58,
the ¢ampasrtoLBBuis censeelird perrlint toithe Rerdes resistorah7 OThdatwouds. This )

out Py eSitd N yel ihrs&?ﬁ)w!\ﬁa'lﬁe?qgﬁﬂgtrﬁfcheéoé AelPidy ??]ﬂlh%f‘o o%@&sosfand a
swi tching devi-ce. The m croprocesSor outputs via the cohductor %7 a
cor r Eigpsmal trptsrbangest bn iwerentiincihegevtas ces BEpr i warsttopbsiusedl for al |
AXESIPILHE ChseoPUP rdultith dear] BYusta®sh Bipre 1R HR"PIkEFailecOnduct of
' embodiment, such fluctuations in current would already be generated if one
of the gear wheels were to run slightly excentrically. In this range of
sensitivity, which cannot be covered by the comparator 58 with industrially
Justified measures, the test specimen 13 is swept from the top side 37 by

the knitting needle 48 so that it lands, if necessary, on the cover plate 54.

In the case of heavy test specimens 13, the knitting needle brushes the test
specimen 13 momentarily with ever increasing force as the stage 14 is driven
in the vertical plus Z direction. Now, voltage fluctuations which can be AN
processed by a commercial comparator 58 are generated at the series resistor
57. Moreover, it can, of course, utilize the voltage jumps generated at the
series resistor 57 when the knitting needle 48 is brought completely to a
standstill. Where the voltage jumps generated at the series resistor 57 can
be evaluated by the comparator 58, the latter outputs a signal on the con-
ductor 62 to an OR-gate 63. This output sfgna1 is sent via a conductor 54
to both a microprocessor'and a switching device. The microprocessor outputs
via the conductor 67 a corresponding signal to the. switching device 66, and
a stop signal for all axes plus X, minus X, plus Y, minus Y and plus Z is
generated on conductor 68. '



chly mnus Z nust remain free so that the stage 14 can still be noved
downwar,ds. 'The mcroswitch 56 whitch is activated by the cover plate 54 is

connected to the OR'gate 63 by a conductor 69. Since a signal fromthes
m croswitch 56 has the sane. eff.ect on the OR-gate 63 as the output'sio@%u»

fromthe conparator 58, the consequences are the sanme. In the neasurener

of the thickness of thin filnms by nmeans of the X-ray fluor- escence nethod
it is'well known that materials with an atloni ¢ number bel ow 20 cannot be
measideed. This means that the rod-can be made of such a material, for
exanpl e magnesi um or al um nium but coul d al so be made of anot her
mechani cal | y ‘st abl e conpound, for .exanple inorganic glass or organic glass.
Thi s consOrigr afnusn Zrebstt eemain Fhee soi thaty the sadaged4ncamstibl bgsmoved downwards.
secondary X-rays fromthe test specinmen 13 are concérned, these are in any
case shadowed by the rod no matter what material this is nmade of. As a
consequermite mibEroswdtcnEst which i nactdvatet by Hhepeoverdpbites b diswconnested tal the

as possible. Lf j t hi ckness is.kept such.that e r '
falsifi eaé%ﬁafe%%i’yl pondictar 89,33n68 A 8‘%’@%5&‘% i @ﬁgfﬁgﬁﬁ@éh FoHad trd
this types#fife ePesdt 6Attie OR-§avece3 nedihd hatpetssignals from dhey comparabory5s,
statistical mathematic funcg#gn. Wth an alumniumwire, which is what a
knitting geasgquences &re HifyiStons can be fulfilled without difficulty.
Moreover, the rod nust also exhibit sufficient stiffness so that on one

hand it dges not sag, thus ei ng. |,ower s extremti [ e
mi ddl e. O tHHE BY3RY e'ﬂ%{ﬁd#tarﬁ%g‘%@ast?? sb¥ ATl ?’P{a‘{‘eag'?raw%ﬂ%s?"w fluor-
SPebiATENSe g caGhetMolY] S WEPe AIWRNoWT @Mt hatesalsi with3dn artomic nuikerc detoio20

heavy test specinens, it can, elastically or astically bend when it ts
the test SPHOLnbe meagurstk {Big @B%itﬁ‘éﬁ fd’&egg%(‘}?"nﬁl@axe- oF 'such & mater{3T,

for example magnesium or aluminium, but could also be made of another mechanically
stable compound, for example jnorganic glass or organic glass. This consideration
relates to the primary X-ray beam. As far as the secondary X-rays from the test
specimen 13 are concerned, these are in any case shadowed by the rod no matter.
what material this is made of. As a consequence, the rod must be thin so that
"-the period of shadow is as small as possible. If its thickness is kept such
that the measurement result is falsified by 1 % or less, then, this would be
permissible since, as far as this type of measurement is concerned, the result
is in any case only a statistical mathematic function. With an aluminium wire,
which is what a knittfng needle is, these conditions can be fulfilled without
difficulty. Moreover, the rod must also exhibit sufficient stiffness so that on
one hand it does not sag, thus, being lower at its extremities than in the middle.
On the other hand it must also be stiff so that small test specimens are actually
swept away from the top side 37 or, in the case of heavy test specimens, it can
elastically or plastically bend when it meets the test specimen and the test

specimen does not move.



CLAIMS 1. A device for

speci
an X-

generator, a collimator- di
for X-rays emtted back by the test specinen,

’

measuring the thickness of {hln coati rrgs by means of
the X-ray fluorescence principle wherein a beam of primary X-rays is
direcied on to a coated test specinen and X-rays emtted back by the test
fsgg are counted to deternine 5$ thi ckness of the coating, conprising:
defhi ce for the primary X-rays, a counter
stage neans having a flat,top

si de opposite said collimtor device for supporting the test speC|nen,,aﬂ

di spl acenent deyigerM®r noving said stage neans in at
of the primary X-Tay beam towards and away from said collimtor device,
nmeans positioned between said stage neans and said collimator device,
to and beneath said collimator device, said rod neans being oriented
approxi mately atl.ri ght dewgles fort heeacusyndeae eihtlekiéye seapsihor
I mparting periodic notion to said rod neans for
t @cadiithdd atbt apearfs saf dtlse ayerapafluoPes®encee peinédphed in
conprising an eval uating device which nonitors the notion of said

paral l e
Claim1,
rod

wherein a beam of primary X-rays is directed on to a
coated test specimen and X-rays_emitted back by the
test specimen are counted to determine the thickness of
the coating, comprising:

an X-ray generator,

a collimator device for the primary X-rays,

a counter for X-rays emitted back by the test
specimen,

stage means having a flat top side opposite said
collimator device for supporting the test specimen,

a displacement device for moving said stage means
in at least the direction of the primary X-ray beam
towards and away from said collimator device, rod means
positioned between said stége means and said collimator
device, close to and beneath said collimator device,
said rod means being oriented approximétely at right
angles to the X-ray beam, and

drive means for imparting periodic motion to said
rod means for movement approximately parallél to said
flat top of said stage means.

2. Device as claimed in Claim 1, comprising an
evaluating device which monitors the motion of said rod

means and outputs a signal when said rod means is

A

novenent approxi mately

| east the direct®n

r od
cl ose

3



means and-outputs* a'signal when said rod neans is 13 monent ari-ly
stopped.* 3. Device as.,clained in Claim 1, wherein said rod neans is
corfposed of a material of |low atomc nunber. 4. Device as clainmed in C

3, wherein said rod neans is .nmade principally of alumnium 5. DeV|ce€§Bg
claimed in*Claim4, wherein said rod nmeafls \@orpri ses an al uni ni um kni tting
needl e.. 6. Device as clained in daiml, wherein said drive neans
|ncluqes a shaft which runs parallel to the. direction of the primary X-ray
beam = Devuuﬁ%ﬂﬁ%ﬂ%f#&ﬁi$?PRB%ﬁn16, wherein said rod means is connect ed
to said shaft approxi gé%k hal f ma alon the L 3th of said rod, peans. 8.
Device as clainmed ind e %ﬁe ?ﬁme y Shat? i %B%T??Bn%ﬂlgeﬁ?ﬂd
sai d counter lewed fromsaid tor cl ai med
o QA comal e eS8 Gh th PREE a?g H?wa%?ma%vwﬁge Fhher e n
said rod ”Eans tra"eﬁse?eﬁ‘@e é‘ée@aPﬁé‘gaiRWcjé‘iﬁ? %&%ﬁ?@%a?@“%h“g

means. 10. Devi ce al red erern- sal t conprrses a

rotating shaft ofe s e &GH4d& FPINEipally of aluminium.

5. Device as claimed in Claim 4, wherein said rod
means comprises an aluminium knitting needle.

6. Device as claimed in Claim 1, wherein. said
drive means includes a shaft which runs parallel to the.
direction of.the primary X~ray beam.

7. Device as claimed in Claim 6, wherein said-rod
means is connected to said shaft approximately half way
along the length of said rod means.

8. Device as claimed in Claim 6, wherein said
shaft is positioned behind said counter when viewed

'from said collimator device.
9. Device as ciaimed in Claim 1, comprising means
N4 - for mounting said collimator device, wherein said rod
means traverses the area beneath said collimator
mounting means. |
10. Device as claimed in Claim 6, wherein said
- shaft comprises a ratating shaft of an electric motor.

1. Device as claimed in Claim 1, wherein the
thickness .of said rod means is small in comparison to
.the length and'breadth traversed thereby.

12; Deviée- as claimed in Claim 1,' wherein thé

rate of ' movement of said ‘rod means is large in

* c L M s *



‘11. . Device as-clained in daiml, wherein the thickness .of said rod

means is small in conparison to the Iength and breadth traversed t her eby.
12. Device as clained in"Claiml, wherein the rate of novenent of said:
rod ans is large in conparison to the rate of displacement of said
stage neans. 13. A devi ce for nea$¢ring t he thi ckness of thin coatings as
clainmed in daim1l substantially as descri bed wth reference to -
Figures 1-4 of the acconpanying drawings. 11111111 111111 Crn
1111111111kbhikrison Cto tlhe raMe ofSdisglacement of said stage A
means.
13. A device for measuring the thickness of thin

ccatings as claimed in Claim 1 substantially as
described with reference to Figures 1-4 of the

accompanying drawings.

T



