"X-RAY DEVI CE" This invention concerns an X-ray device. According to the

p t invention, there is provi-ded an Xsray device conprising an X-ra
tZE%E?a shutter which is novabl e between an open position in mhﬂzhﬂﬁﬂﬂa S

fro he 5 X-ray tube ymmy be directed onto-material to be tested and .
a closed position in which the said X-rays are prevented from being so 4
directed; an X-ray detector for detecting fluorescent X-rays; neans novabl e
with the shutter for receiving! X-rays fromthe X-ray tube and for directing

10 fluorescent X-rays onto the X-ray detector only when the shutter

is closed; and correction nmeans connected to and controlled by said X-ray

detector for automatically adjusting the X-ray tube when a change has
occurred in the X-I3RAYPRYIGETd by the X-ray tube. - 2. - The neans

movabl e with the shutter is preferably a correction standard plate carried
by the shutter. The X-ray tube preferably has a collimator for collimating
the X-rays fromthe X-ray tube. 5 The collimtor preferably has a
first ‘passage therein which is arranged to receive X-rays fromthe X-ray
tube, and second and t fhig ipesgdgesconkerred an\rrap ddmiceonmuni cate with the
first passage, the second passage being arranged to
According to the present invention, there is provided
an X-ray device comprising an X-ray tube; a shutter which
is movable between an open position in which X-rays from the C“,
— 5 X-ray tube may be directed onto material to be tested and
a closed position in which the said X-rays are prevented
from being so directed; an X-ray detector for detecting
flwrescent X-rays; means movable with the shutter for
receiving X-rays from the. X-ray tube and for directing
10 fluorescent X-rays onto the X-ray detector 6nly when the
shutter is closed; and correction means connected to and
controlled by said X-ray detector for éutomatically adjusting
the X-ray tube when a change_has occurred in the X-rays

produced by the X-ray tube.



direct X-rays fromthe said first passage onto the X-ray 10 det ect or
only when the shutter is closed, and the third passage -being arranged to/Gn
direct X-rays fromthe said first passage onto the naterial only when the g?-=
shutter is open. The X-ray detectdr is preferably also responsive to

fluorescent -X-rays produced by the said material ‘and is arranged 15 to
prosdace signals related thereto, there being indicator or control neans:
r'esponsive to said signals for indicating the value of a property of said
material or -for exercising a control g o dependence -on said value. The
correction neans preferably conprises a wave height 20 - di scri m nator.
and a scaler tiner. The correction neans is preferably controlled by a

.posi tion sensor which sepses tgemdt‘)rgﬁiet-iwg& thgshuttter. JThe.invention is
illustrated, nerely by may’%?“exanp e, i n the accomnmpanyl ng ra%ings, i n

‘which: - 25 cghﬁéléfcfgézsitﬁn&ﬁi P 8NIRLL Gq B

PEEsSeptali,on of a known
- X-ray devi ce, -3- Figure 2. 1s a CFOSS-SGCtIO%&Pﬁ%iGMﬁOf an X-ray devi.ce -

according to the presenimknieayi@iBe preddfsbl3 has @ coN19BSEcTCEsH RBALindk By Of

the device of Figure 2, the section of Fi.gure 3.being at right angles 5

to that of Figure 2thé@nerays from the X-ray tube. -

- '5 . The collimétor preférably has a first passage therein

| | ~ which is a.;*:ra_nged. to receive X-rays from the X-ray f.ube, and
second and third passages therein which can communicate .with the
first passage, the second passage being arranged to
direct X-rays from the sa'id. first passage onﬁo the X-ray _.

10 - _detectcf only wﬁen the shutter is closed, and the tl;.ird.
passage beifxé 'arrénged to. diféct x-:;'a.ys from. the said first
paséage onto the material only wﬁen tﬁe_ '_shut-l;.er is. open. .

The X—ray. detector is éreferably .also responsive to
fluorescent X—r;ys produced by the said matérial and is arranged

15 to produce signals related thereté, the_re' being indicator_

| 6:: co_nt_rol__means re_sponsive to said lsign’als for i_zidica_ting
\/ : . .. the value c;f a propei:ty of ..said material.' or for e:erdisi,ng

a control in dependence on said value,

L1]

The correction means preferably comprises: a.wave height
20 .-discriminath and a sc_a._lér- timer, |
The correction .n_xeans is px_'efe-rably controlied by a
positioﬁ sensor whiqh senses the positicn.c;f the shutter.
The invention is illusi_:rated, merely. by way of example,
'in the accompanying drawings, in which:-
25 Figure 1 ié_ a diagrammatic representafion of a known

X-ray device,

v



_ &Fgure 1 there is showmn a known X-ray device conprising an X-ray tube 1
-ang-an X-ray detector 2 which has openings 10 3a, 3b for the _
transm ssion-of X-rays thereto. The X-ray detector 2 is arranged to receive
‘Xirays fromthe X-ray tube 1 by way of a guide passage 4 which-communi cat es/
with the opening 3a, and the X-ray detector 2 is also arranged to receive:
fluorescent X-rays which are reflected fromsanple nmaterial 6 by way of 157 "
the opening 3b. The X-ray tube 1 hs.provided with a shutter S which is ° o
novabl e between an open position,. in which X-rays fromthe X-ray tube 1 may

be directed onto the sanple naterial 6 so that fluorescent X-rays may be
‘reflected fromthe sanple material: 6 and onto the X-ray detector 2, and a
closed 20  positi OrFignreMs ¢ 4 leosszpleicial oFiedl of ani S-dayeyaated from

- receiving X-rays fromthe X-ray tube 1. The X-ray detector 2 is connected

to a wave hei ghtacdbmsidng ningherprésent dowdreiobj ner 8, and an automatic
.correction neans 9 for correcting the X-rays produced by the X-ray tube 1 :
when the X-ray 25 Figp¥R énis tay cupri-Secviopel Ivdieyhef chandpodce of -4- In the
known construction'shgwn I n 'F(iﬁggre 1. corrected X-rays (i.e. X-rays whose .

i ntensity and/ OF"M% herghEeFrAga %Eﬁ%as‘f%a? 2 &eht SBIRRF from the
X-ray tubg 1 ontQ INe o¢ pigure 2, anda o

Fjigure: 4 is a block di_agiam of the x—i'ay device shown

_@e' 4 is a block diagram of the X-ray devi ce shown in Fi gures 2 and 3.

B

'inf'_igureSZ'andB..'."- R . - ' o \-)
 In Figure 1 there is shown a known X-ray device coﬁpri#i_né o
an X~ray tube 1 and an X-ray detector 2 which haé openings
10 . '33_, 3b for the 'tran_smis'sion_ of x?rays: thereto. The X-ray detector . . ;
2'_ is arranged to receive 'X—.ra..ys' from the X—ray tube 1 by way' |
,of a éuide pa‘s'saqe-. 4 whiéil communiéatés with the opening 3a,
and the X-ray detector 2 is also az"rapged to receive .fluor.es.cént -
X-rays which are reflected from samé].;e'. material 6 ﬁy way of
15 '. _ the opening 3b. The X-ray tube .l. is prbvided with a shutter
| 'S which is movable between an .open position, in which xérays. S \/
from the X-ray tube 1 ﬁay be directed onto the éampié ﬁaterial o )
6-so that fI'uo;esgent x¥£_ays ma"yzbe- fe_flected '.fro'm thé--s-ém;}le- | , _ 0
| ‘material 6 and onto the. x—ra.y -dete'c.tor"'.Z', and:a. closed . -
26:_’ © positien in which the 'sa'mple:-- ﬁaterial é’i is prevented fr'om,-. '
- receiving X-rays from i:hef x;ray tube 1. The X~-ray detector |
2 is cqimected to a wave height discriminator 7, .a scaler
ti_mer. 8, and an automatic correction mé’ans 9 for corrécting_ |
tﬁe X~-rays produced by the X-ray tube 1 when the X-ray

25 ' intensity and/oxr wave héight:. changes..



material 6 is.receiving X-rays fromthe X-ray tube 1. However, there
overl ap between the spectrumof the X-rays fromthe X-ray tube 1 and t
spectrumof the X-rays fromthe sanple material 6 and this nakes it
diffi‘cult t0 effect an accurate neasurenent of a property of the 10 :
-sapfe material 6, e.g. the thickndss of a layer thereon. In Figures 2 to 4
there is therefore shown an X-ray device which overcones the

X-ray detector 2 while the shutter 5.is opened and the 5 sanple'gz%;jjj\

P,

above-nentioned di sadvantage. As shown in Figures 2 and 3, an X—ray'device-_-

according to the present invention conprises an X-ray tube 21 and a 15

shutter 29. The shutt 29 bl t . it] h ,
P e e e T R e SR B

in which X-rays fromthé X-ra rrec 0 a sa

material 28 to be tgs . _ 0Shid i i in
which the X-rays fr = S&héggg'r gyﬁty%;gg%% ?r’{éé’%fﬂ“éﬁ%? 9% fdrlgfgn}%g%ﬁ%%ﬁé 20

directed. The 'X-raybaé&b%aﬁ&sdm g @ kd FRBOErokl @nd O-r6P|thubl® IR0 thE X rays.

fromthe X-ray tube 21. The collimator 2la has a first gui de passage 26
therein which is ar kapgedetectorCRiwhd1&-thay shdttem § He dpendd &ntbeh@l and to

collimate the X-rays because of its large dianeter, and second 25 ~and
third gui de passagesafife 2Ftdrialchd niswheaiving Xcoaya firomtthevk-tiayt tibef i r st
passage 26. Munted on the shutter 29 and carried thereby.-so as to be

mevabl e t her ewith i_g;.a Hoyevewt thexe is an _overlap between the spgctrum- of the
: ' X-rays. from the .x-ray tube 1 and tﬁe ﬁpectnim of the X-rays
o from the sample materi'al.ﬁ and this makes it difficult to
| | effect an accurate measurement.of a property of the
10 ‘sample material 6, €.g. the thickness of a layerl thereon.
"""" In Fié'ures 2 ﬁo.4 '.there-is therefore shown an X~ray
' dévice w_hiéh évetcomés the above-mentioned disadvantage..
.A.s shown in Figures 2 and '3, an X-ray device according
to thé present invention comprises an X-ray tube 21 and a
15 shui_:te.f 29. The shutter 29 is movable between an cpen
position (not shown), _in_which X-rays from the x-_ray tube 21
\/ . 'may be directed onto a s'ax;xple material 28 to be tested,
o and a closed positiori (shéwn in Figure 2). in which th;
x—réYs. from the X-ray 'tﬁbe' 21 .are preven'l;e_d' from being so
20 directed. The X-ray tube Zi has a collimator 2la for
collimating the xffaYS frém the X-ray tube 21. The
collimator .21§ has a first. gﬁide" péésage 26 therein which is
arrange.d to receive X-rays from the x;ray tube 21 and to
'céllimate thé' x—i:ays because of its ia.rcje diameter, and second
25  and third guide passages 23, 27 therein which..c_an communicate

with the first passage 26. Mounted on the shuﬁter 29 and



<g§§g}ndard pl ate 22 which nay.be a thin gold plate or nmay be simlar in
mposi tion and construction to that of the sanple material 28. Thus: if the

sanpl e ‘material 28 is intended 5

to be provided with a |ayer of a

specific material having a speC|f|c'th|ckness t.he correcti.on standard

pllate 227i.s simlarly provided with such a layer.. \Wen the correction

standard plate 22 is in the position shown in Flgure 2 and is thus in the\»J
position in which the shutter 29 is closed, X-rays which are. directed- onto
the correction standard plate 22 w kl _produce fluorescent X-rays which wi |
be directed through the second QU|de passage 23 and through an opening 25a

onto an X-ray detector 24. 15

The third gui de passage 27 is

arranged to direct X-rays-fromthe first guide passage 26 onto the saine_

materi al

28

onl yemhrdadttherebyitsbess 20 bs mopsble Tialevith 18 &aprrédt@ohi I st

passage 26 and the third passage 27 communi cate with each other only when
the shutter _
~with each other ‘when the shutter 29 is closed. Fluorescent X-rays produced"
by the sanpl e naf¥#ilar i78camesdtiacred wnstruchiotrathateotdheors@wley way of
an openlng 25b therein, The X—rgg detector 24 which is thus responsive to

the 25_

io.~”

T20.

25

29 29tandard jpd.abe?, whitkssapbesagddn beildgplaite @f maprveuni cati on

- uoPeziat 2 PRS- BarersalngP esdeeandaf 28

to be provided with a layer of a specific material having

a specific thickness, the correction standard plate 22

¥

-4

 is similarly provided with such a layer._;. . . \_) _

‘When the correction standard plate 22 is in the
position shown in Fiqure 2 and.is thus intthe position
in which the shutter 29 is closed, x-rays which are
. directed onto the correction standard plate 22 will produce
.fluorescent X-rays which will be directed through the
_ .second guide passaoe 23.and_through an opening:25§.onto '
. an X-ray detector 24, h _
| The third_guide passage 27 is arranged to=direct
X-rays from the first guide passage 26 onto the saqple‘
material 28 enly when'the-shutter 29 is open. That is
to say, the first passage 26hand;the-third passage;27
_ ccmmnnggategwitﬁyeach_other_dnly_whenythe-shutter;29=
is open, these:pasSages-beingnout of{communicationlwith...
each other when the shutter 29 is closed. Fluorescent |
_ X~rays produced by the sample material 28 are directed
onto the X-ray’detector 24 hy.wsy of an ooening 25b therein.
H_The x-ray detector 24 which is thus responsive to the

fluorescent x—rays produced by the- sample material 28



-6- produces signals related to these fluorescent X-rays, and neans (not A
shown) are provided which are responsive to-these sSignals for indicatin } '
the value of a property of the sanple material 28 (e.g. the thickness of
surface |ayer 5 . thereon) or for exercising a control (e.g. the contr
of the thickness of said |ayer) .in dependence upon .Ssaid value. The X-ray
det®étor 24 s connected to and passes el ectrical signals to a wave height
di scrim nator 31.The output of the wave height discrimnator 31 is counted
by a 10 scaler tiner 32 and i passed to an autonatic correction neans
33 which is arranged to correct the X-ray tube 21 automatically when there
Is a change in the X-rays produced by the X-ray tube 21, e.g. when there is
a.-change .in the wave height and/or intensity of the X-rays. A position 15
sensor 30 is provi deBFoRFes sdendles relntefoly these Siueresceufreays29 and
ensures that the correction in the X-rays produced by the X-ray tube 21 .
occurs only at a tin2PSuPerrs Haok /ieTer %@H"g"jc‘fegsgﬁ’: fE® FPFROTGERRC may i f
desired be such that_the 2 | uprescent X-rays. whi.ch are. receLved by
the X-ray detector 2???0?6%"%535’%19% r?ﬁge]nrgi é’e' Q%i‘é? é’fc%r?ﬁg?eexéfyvf H:g?hose'
which are received f ' [ stgnd 22, : tic
correction nmeans 33 %%B%sh%é%glﬁr]gghtgglgér@e;cteﬂﬁcgg% %afygtsl?gggcfag%\ngen
there is a predeter niadosh [dreE&N eReXA sing REEUWRRB1L N8 gl Wahel BdrtrOL of

f I*uorescent X-rays. o .

' : the thickness of said layer) in dependence upon said value.

L‘,; o | . The X~ray detectoi 24 iS-cannected.td aﬁd passes
electrical signals to a wave height discriminator 31.The
output of the wave heiéht'discriminétor 31 is cbunt;d by a

10 . Qcaler-timer 32 and is passed. to an’ automatic corréction
means 33 which is arranged to correct the-x-iay tube 21
.automatically when there is a change in the X—rﬁys préducea

" by the X-ray tube 21, e.g. when there is é change-in the
ane-heigh£ and/or intensity of the X-rays. A position

15 sensor 30 is provided which senses the position of the

' - shutter 29 and ensures that. the correction in the X-rays
produced by the X~ray tube 21 occurs oﬁly at a time when

; S | ' the shutter 29 is closed. | |

_ fhe ar:;ngement!may.if-deéired be such that the - .

20 fluorescent X-rays which are received by the X-ray .
‘detector 24 from the sample matefial 28 are compared with those
which are received from the correction standard plate 22,
the automatic correction means 33 being required to correct
the X-ray tube 1 only when there is a predetermined difference

25 between the two lots of fluorescent X-rays.



bres 2 to 4, the X-rays fromthe X-ray tube 21 are directed onto the
dffection standard plate 22 by way of the guide passage 26 only whi'le the
shutter 29 is 5 cl osed. \When,. however, ‘the correction standard plate.
Zé—rs noved together with the shutter 29 to the open position of the A
latter,-in which it is spaced - fromthe axis of the X-ray tube 21, then N~
since the third guide passage 27 is positioned over the sanple material 28~
and since the shutter 10 29_is nmoved fromthe position shown in Figure
2, X-rays are directed onto the sanple material 28. Since the position of .
‘the shutter 29 is detected by the position sensor 30, the X-ray device '
illustrated in Figures 2 to 4. is maintained in a correction node only
while -15 t he shuf®% ipgthes cesqyof(the] prRjdiment £ e ppedenk] S 1. An
X-ray device conprising an  X-ray tube; a shutter which is novabl e between - :
an open position PHSRAFThSICL}8 Fiaywes He tX-4-afhe dosavffrer therEwerd ont o .
material to be '

_- Thus in the case of the enbodiment of the present invention shown in

tube-Zl are directed onto the correction standard plate 22 by:
way' of the guide passage 26 only"while;the.sﬁutter 29 is _ -
5 closed. When, however, the correction standard platé 22 is
moved together with the shutter 29 fo the open positionlof |
the lgtter, in which it is spaced-from'the-ékis of the - | L_)-
' x-ray-tubé 21, then-siﬁce the  third guide passage 27 is. |
' positioned over the saﬁple'ﬁaterial 28 and since the shutter
lo. | 29 is moved from the position shown in Figure 2, X-rays
aré directed ontofthé sample material 28; 
~ Since the position of.;he shutter 29-is detected by
.the positioh sensor 30, thé-x—ray device iliuStrated in
"figures-z to 4;is maintained in a cérreéﬁién mode §nl§ while

“15 the shutter 29 is closed.




tested and a closed position in which the said X-rays are 5 . o
prevented from being so directed; an X-ray detector for detecting Lo,
fluorescent” X-rays; neans novable with the shutter for receiving X-rays N
framthe X-ray tube .and for . «di.rect’ing fluorescent X-rays onto the X-ray

det Bct-er-: .only when the shutter is closed; and correction means 10

conkgct'ed to and control | ed by said X-ray detector for autonatlcally
adjusting the X-ray tube when a change §as occurred in the X-rays pr oduced

by the X-ray tube. 2. An X-ray device as claimed in claim1 in which

t he neans novable with the shutter is a .correction standard 15 pl ate
carried by the shutter. 3. "An X-ray device as clainmed in claim1 or 2
i n which the X-ray tube has a colli @a®d WS collimating the X-rays from
the X-ray tube. 4. - An X-ray device as clainmed in claim3 in which 20
the .collimator has a first passage therein which is arranged to receive
X-rays fromthe X-ray tube and second and fhird passages ther mhlch can
communi cate with thelrirst*®pX s‘?Xg‘g vice comprififig al: foiRY B‘é&esaﬁes

arranged to direct X- La fron1 S first assage ontQ th
det ect or only when t (2 c\'/If‘s1tjlfte | ggee amﬁ)e‘fg gl rd pé'glé'gg J2(5¢a’{ng

arranged from the X-ray tube may be directed onto. material to be

. .*..

- -

tested and a closed position- in which the said x-ra'.ys are
5 . prevented from being so directed; an x-raf detector for
| . detecting fluorescent l{-rajs,- means movable with the
' shutter for receiving X-rays from the X-ray tube and for
diz-'ect'jng flﬁorescerit X;rays onto the x-rayl detectcr.
only when the shutter is closed; and correction means.

10 - connected to and c_ontrolled- by said. x—rayl- detecﬁor for
automatically adjusting the x;ray tube when a change has
occurred in the X-rays produced by t‘he. X~ray tube.

2. An X-ray device as claimed in claim 1 in which
the means. movable'with the shutter is a correction standard
. \_/ 15 * plate carxied by the shutter. |
| | 3. o An X-ray device as claimed in claim 1 or 2
in which the X-ray tube has a collimator for collimating-

the X-rays from the X-ray tube.

W’.-.-;i.' .

4. An x—ray device as clamed in claim 3 in which

20 the collimator has a first passage therein which is
arranged to receive X-rays from the X-ray tube, and second.
and third passe.ges therein which can coommmicate

with the first passage,

. * [ L M S * '



~odirect X-rays fromthe said first passage onto the 5
n the shutter :
e

ceding claim

fluorescent X-rays produced by the said material
si-gnal s related thereto,:

Is open. 5 An X-ray device as clained in any
in which the X-ray detéctor is al so responsive to

mat eri al

only

and is arranged to produce
.there being indicator or 10 control neans

r#’

responsive to-said S|gnals for indicating the value of a property of- Salth"

material or for

exercising a control in dependence on said value. 6.

An X-ray device as clainmed in any preceding claimin which the correction

- -nBans conprises

a wave height 95 discrinmnator and a scaler tiner.

7.

An X-ray device as clained in any preceding claimin whi ch the correction’
means is controlled-by a position sensor whi ch senses the position of t he

shutter, 8. -

described with reference to an

1o

ARh&-ded¥ndl @Agsﬁ;es BES{R mﬁuen &5 aibeé@ b:ﬂbesO ELort 0

as shown in Figures 2-
the said first passage onto the X-ray detector only when

the shutter is closed, and'th,e third:passage being arranged -
to direct x-rays from the said first passage onto the
‘material only when the shutter is open . |
5. An x-ray device as claimed in any preceding claim
in which the X-ray detector is also responsive to fluorescent
| X-rays produced by the said material and is arranged to
produce signals related thereto,. there being indicator or
contxol means responsive to sa:_I.c'l signals for :I.'ndicati_:ig-
_ the value ef a property of said material or for -exercising :

‘& control in dependence on said value.

"~ B . An X-ray device as claimed in any preceding claim

20

in which the correction means comprises a wave height

. discriminator and a scaler timer.

7. An X-ray device as claimed in any preceding claim

" in which the correctionmeans is oentrolled- by a position |

sensor which senses the:position of 'th'e.-_ sﬁut}ter; :
8. An:X-ray device substantially as hereinbefore

described with reference to and as shown in Figures 2-4..
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