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Optical beain-splitting element. 

· · The_·~~~~~- relates to an--optical beam-splitting element having a first 
. . 

surface which is providal-;with -a grating for gerieradng a sub-beam having ~ seCond diiection 

from a ramation beain incident-on the first surface and having a first direction. The invention 

also relates to a~ ~· uni~-~mprishig such an element and to an optical scanning 

5 unit comprising such a r8cliation ·so~ .. ~~~ _ _ 

10 

The direction ·:of a beam.is ~efined .as the direction ·of the chief ray of .the 
. . . - . 

beam. 
-· 
~ . 

An element of this type is known from European Patent Application no. 0 

583 036 in which it has been described ·as a component of an optical scanning .unit. A . 

radiation source in the scanning unit supplies a radiation beam which is focused. by an 

objective lens to a scanning spot on an,op~ ·reeord ~- The beam-~~g element, 
. . . 

which is traversed.by the Ddiation bealn from.a second surface to a first surface, is arranged 

15 · between the. radiation ·source and. the obj~~~·:~_. 'rhe radiation ref!~ by .the record 
. -. . . . 

·carrier traverses the· same path as the radiation beam from the radjatio.il source and fonns the 
~ . . . - ···-- - ... .. . . . .. .. . 

above-mentioned beam having a first direction and being incident on.the:beam-splitting 

J element. A grating on the first surface of the beam-splitting element .1pliti.a part of ·the 

radiation of the; incident beam in the fonn of.a sub-beam having a second .direction. The sub-

20 beam converges on a detection system manged neXt to the radiation ·s0urce,- which detection 

system generates, inter alia a signal from· the incident· radiation, which signal represents the 
- . 

stored information. 

A drawback of the knoWll beam-splitting element is the small angle 

between said first and second directions, which necessitates a relatively small distance 

-25 between the radiation source and the detection system. If the radiation source and the 

. detection. system are two separate ccimponents, it is difficult to arrange them in the scanning . 

unit at such a short distance from each other. 
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It is an object of the present invention to provide a beam-splitting element 

which meets the above-mentioned drawback, and to provide a radiation source unit which is 

flf xible enough for said compoilents to be arrangCd. 

According tQ. the invention, this object is achieved by· a beam-splitting 

5 elc ment as described in the Opening paragraph and is characterized in that it further 

co nprises a mirror for changing 'the direction of the sub-beam_ from the second direction to a 

third direction, the angle· between the· fint and the second •direction· being smaller tbari the 

an: pe between the first and the third direction. 

An increase of the deflection angJe between the fint and the second 
.; 

10 diJ ection by means of reducing the period of the grating· lines of the grating could be 

coi 1sidered as a possibility of increasing the distance between the: radiation source and the 

de1 ection system. The invention is based on the recognition that this has its drawbacks. First, 

thei requirements imposed on the grating increase with an increasing deflection angle so that 

the grating is more difficult to realise. Secondly, the cross-Section of the sub-beam becomes 

15 me re elliptic With an increasing deflection angle, which degrades the quality of the sCaiining 

spc t formed on the detection. sjstem, hence the quality of .the signals generated .by the. 

system. Thirdly' With an inCreasing deflection angle, the tolerances· for manging the grating 

wit ;ll respect to the radiatiem source and the detection system will be narrower so that it will 

be more difficult to arrange the components, while a· greater mechanical stability is required. . 

20 The: mirror according to the invention meteases the ·angle between the sub-beam and the 

inc: dent beam without the.three drawbacks mentioned above. 

A very suitable embodiment of the beam-splitting element according to the 

invimtion is characterized ·in that it baS an exit surface in the path· of the suh-"beam. and in that 

the mirror is located in the path of the sub-beam· between the first surface and the exit 

25 . surface. The mirror then .forms an integrated component of the element so that the first 

surtace, the exit surface and the mirror can be made~ a single process step, for example by 

mec ns of plastic injection moulding. 

30 

The mirror is preferably internally reflecting so. that it: is not necessary to . . 

pro ride a reflective layer on a part ()f the: beam-splitting element.· 

The angle· between the first and the third direction is preferably 
. . 

app!1>ximately 90°. The radiation s<>urce and .the detection system· then have a relatively large 

mutLJal distance, while nevertheless a compact arrangement having a satisfactory mechanical 

stability is obtained. 

In addition to its function of splitting a part· of the radiation of the incident 
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beam, the grating on the first surface prefermly also has the function of forming the sub­

beam in such a way that it is suitable for generating signals comprising information about. 
. . . : . 

tracking and focus error of~ ~g spot on the ~ carrier~· To this end the grating 

may comprise, for example sub-gratings at both sides of a ·dividing line, or· overlapping sub­

s · gratings. 

.A particular embodiment of the beain~splitting Clement according to the 

invention bas a second .surface.~. in the path of the incident ~' which surface is 

provided With a grating· "haVfug--par8Uei grating lines for tomuDg two fUrtber sUb-beams from 

the radiation beam emitted by the iadiation source, which further sub-beams are used for 

10 generating the tracking signals.:·· .~ · 

15 

20 

In an· advantageous .embodiment-of the~~splitting element according~ 
~- . ' 

the invention, at least one. of .the surfaces ·~ ~tical ·power. In this way the beam-splitting 

element also acquires the functionof a collimator lens for the radiation beam or a beam 

shaper. 

The properties of the beam-splitting element are optimally used when the 

element is arrang~ in a radiation source unit which further comprises a radiation source and 

a detection system. This radiation source· unit not" ontY ·liU a·:compact construction and great 

mechanical stability but also. th.e _great advantage thafifis-·suit8ble· for· incorporating different 

types of radiation sources and detection systems. 

The invention further relates tO an oPncal ~g device· for scanning an ~· 
information plane, which.device comprises such a radiation source -uiiit and an objective 

_system for focusing the ·ncnation ·be8m s~pplied by this u~t -to form a Scanning spot on the 

.) information plane, Jllld hi.whlcli ·the-detection system is arranged in ·the radiation ·source unit 

for converting radia~on ht th~-~b-b~ ~m the information plane into an electric .signal· 
. . 

25 repre8enting information stored··~ ~the- ~formation -plane ...... · 

30 

These and .other aspects of the invention will be apparent from and 

elucidated with reference to the embodiments described hereinafter. 

In the drawings 

Fig. 1 shows an optical ·scanning unit according to the invention, including . 

a be8:Ill shaper, 

Figs. 2a, b, c Show some gratings arranged on beam-splitting elements 

according to the invention, 

·Fig. 3 shows a three-beam grating arranged ~n the beam-splitting elements 
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a ::cording to the invention, 

· Fig. 4 shows an optical scanning .unit. according to the. invention, and 

Fig. S shows an optical scanning unit. according to the invention, including 

two detection systems. 

Fig. 1 ·shows diagrammatically a d~ce for optically scanning an 

ir. formation plane of an optical iecord carrier 1. Scanning is JiereiD understood to mean 

scanning far both writing and· reading· information •. The information plane may be a 

pierecorded layer or" a layer which can be provided: entirely or partly With information. The 

10 record carrier 1, a p3n of which is .. shown in a: radial cross-section in_ Fig .. I, comprises a 

. 15 

tr. msparent substrate 2, a reflecting information plane 3 and a ·coadnt 4. The information 

pl me is divided into a large nuniber of tracks S in which information· is ·recorded or can be 

in mbed in the form of information areas (not shown) which are optiC:ally distinguished ·from 

th• z surroundings. 

The scanning device comprises a radiatie>n source unit 6 which, according 

to the invention, is ptovided with a housing 7' accommodating ·a· diode laser 7,- a beam 

shaper 8 for changing the shape of the. cross-section of th~ radiation beam which is incident 

on the beam shapc:r and a housing 9' accommodating a detection system 9. The diode laser 

anli the detection system are separate components. so that -it is easy to "JCplace one of the 

20 co: ·nponents by a component of another type, while the other component can remain 

unr:hanged. The elliptical cross-section of the beain coming from the diode laser is mainly 

.fer'dered circular by the beam shaper. This radiation~· unit then supplies a beam 10 

ha, ing a stable wavefront ·and an intensity which represen~ a large part of the intensity 

prcduced by the diode laser. The radiation source unit is thus very suitable for-a writing 

25 d~ 'ice with which information ean be written, for example ablatively, ··by surface deformation 

or lY a magneto-optical process. During writing the beam· 10 is modulated, for example by 

me ms of an acousto-optical modulator or by modulating. the electric current through the 

dio :le laser. 

The radiation beam 10 having a circular cross-section has such an angular 

30 aperture that it optimally fills an.objective system 12 via a folding mirror 11, so that this 

sys: em forms a diffraction-limited scanning spot 13 on the information_ plane. An information 

track can be scanned by rotating the record carrier. All information tracks can be scanned by 

mo• 7ing the record carrier 1 with respect to ·the scanning spot 13 in the radial direction. 

The information plane reflects the radiation in a beam 14 which traverses 
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the obj,ective sy.m~ 11pm· and is incident as·beam· 14'··t>n··a -firSt-surfaee-~15-of th~ -beam... ' - --· --~ 
shaper 8. To separate this {etUrning beam 14 Spatially from the on-going radiation beam 10, · 

·the· first surface is provided ~tli;a separating Patin1·16 ~hicii··ddieets a part of the mCideilt ·· ··· -· 
·- . . ····· . ~--. -· .. . . 

beam 14' by way of diffraetion in the form of a iu&-beam 17 towards the detection system 9. 
' ' 

5 · The~ .shaj>er -~us)~ the .f.u.~ction of~ bC"Alm-splittin~_ ~~~t~ ~e ~cid~!.~ ... ~. ~- ..... 
'first direction and ·tJie· sub-bealn has a iecond diteclion. The--angle t>etwecm theie" directions 

cannot.be.chosen to.be too.JargeJ>e.cau~Jbe_period of the padng Unes of Ute sepa,rating~_ .... ·- _ 

·~ ·16 will become VerY 'smau With an ilacrCasing denectlon angle So th&i the grating is 

difficult to realise, while the position tolerances of the grating will becOme small. For these 

IO reasons the ang1e··p~1y·ranges·beiween20° ·micl·3s 0
• ·01fthe-other hand,-tlie angle musf · ·· ·· 

be as !Uge"as poSsible so'a5 to:lulVe.a.~IeCfistanee ~--tlie'ramation""S01iree'7":aiid' 
. . . . . ·. .. . . ,. .-· . . .. 

. the detecfioif systeiif9~ ·.so-that" t1ieit" ho1l~gs ·.1~. a.na· 9' are·· noriireacti other's way and there 
. . .. .. . . . . . . . -

is sufficient space to align each ·com:Ponerit·~tely. According to the invention, this 

problem is solved by guiding the sub-beam 17 iowards the detection system 9 via ~ mirror 

15 18._The mirror ~hang~ the Jub-bc;am 17 ~viltg the second ~on into a sub-beam 17' 

having a third dir~tfon. ·The magnifialtion of the angle between the sub-beam 17' and the· . 

incident beam_ 14' by the niirror does not lead to the above-mentioned drawbacks. The mirror 

18 may be.a separate componen~ of. the beam .isaper 8. :However, the mirror 18 preferably 
. .. . . 

forms an int.egtal part of the ·t>eam shaper 8. In that case the mirror is arranged in the optical 

20 path of the sub-beam 17 through the oeam shaF between the first surface 15 and the exit 
. . - - .. - - . . 

surface 19 of the beani ·shaper. At a suitable choice of ·the angle of incidence on the mirror · 

and of the refractive indeX of the material of the beam· shaper, the mirror is totally internally 

) ·reflecting so that it is not ·necessary to provide the mirror surface with a reflective coating. 

: The ~~t~gem~t ~f. the ~~~n-~~~ 7, ~~ ~-s~ ~--
25 ·with the sepatating··grating 16 and the detection system.9 ensures a great position stability. 

The angle between the first and the thifd · direct;ion is preferably 90° so that the housings 7' 

and 9' are perpendicular to each other. 

During reading, a ·parameter of the reflected beam, ·for example the 

intensity or the direction of polarization, is modulated in ~ntance with the information· 

30 stored in the. succession of information areas. The detection system 9 converts this 

modulation into an electric signal. The detection system generally comprises a plurality of 

detector elements so that it supplies a plurality of output signals· which are processed in a 
. . 

signal. piocessing circUit 20 to an information signal Si, a tracking. error signal S~ and a focus 

error signal' sf for a tracking 'servosystem_ and a focus servosystem. 
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For fUrther'iletaits of the .sc:Bnning·,~~ ·re&=ice is niade· tO :the ·article 

-·--"'Her systeem_-~COmpacfDisc Di@~ ·AUdio'"~t'.¥~G. carasso, J.B.~. Peek"and J~P. Siiljoif-··­

in Philips Tecmm.cif.1'ijmcfiiil'f40, pp~-261.:2~, 1981;;.82,,,no. 9. . . . . ..• . . . . . . . .- . 

The separating gmting 16 may ,have different-shapes, dependent on the 
. . . . ..... .,.. ·:.. . ·. . . . -

s -eotfigmation-of -the~ :in....--detedion-ijstein ~-On,tlie way-in--wkiCh the different 
,.. ..... .:: ·. ·. ·.·n _. ... : . ,. .- :. - . · .... '"'· .. ·· ·.. . :· . ·. . 

si ·. ilals are derived Dom the-wtptit \ignals of the. dete.ctorS:· m ;Separatin.' Oriatin' . ma I . . ,_ .. . '····· ... .~~~i;. y 

co:nprise two sub-gratings 24,. 2S at both sideS~~f a·dividiftg,~"26, while.tbe.giating ~ 
. ._t:··· '."' r: .. : .. ~ :. . ·' :· .... -~ .. , . 

··-in· =ach-~have1he 'Same". period·and··atend-at·equal.but opposite-angles 10-the 

di\ iding line, as is shown in Fig. 2a. This grating is. Suitable for forming the tocus error 

10 sigllal by means of the single or double-Foucault· method and the ·tracking error.Signal by 

me ans of the two-beam method or the two or three-beam pish-pull methods. The gmting and 

the associated detector configuration are .kno\vn, inter alia from Vnited States Patent no.· 

4,S24,079. Another embodiment of the separating grating 16' is shoWllin Fig. 2b. This 

grating also comprises two sub-gratings 24'. 25' at both sides of• dividing line 26', but the 

15 grating lines in the sub-gratings have different periods, as is known from, for example 

Eui opean Patent AppliCation no. 0 583 036. A _third embodiment of the. separating grating 

16' •, shown in Fig. 2c, comprises two overlapping or interleaving sub-gratings which have 

eitl: er equal or different Optical powers, ·while the gra~g lines ·mutually extend at an angle 

of 1 tetween 0° and 90°. Such a grating is suitable for determining the focus error by means 

20 of the beam si1.e method as is known from Japanese Patent Application no. 1-35 737 (A). By 

var: ring the period of the gmting lines. of the sub-patings across. the sub-gratings, ~e sub-
. . 

gra1 ings acquire optical power so that the vetgence of the sub-beams fOrmed differs from the 

bea: n from which they have been formed. With a special variation of the period and possibly 

a ct rvature of the· grating lines, it is possiblC to introduce .astig~tism into the sub-beams so 

25 that the focus error sigilal can be formed by means of the astigmatic method which is known, 

inte -alia from United States Patent no. 4,358,200. 

In the scanning device shown in Fig. 1 the beam of the diode laser 7 is . 

inci1 lent on a second surface· 30 ·Of the beam shaper. This second .surface may be provided 

witl:: a grating 31 for generating two sub-beams 32 and 33, only a small part of which is 

30 shO\\m for the sake of clarity. These two sub-beams supply two side spolS at bOth sides of the 
i . . . . 

scan'ning spot 13 on the information· plane 3. The radiation reflected therefrom can be 

dete :ted in the detection system 9 for generating the tracking signal Sr in accordance with the 

threc~beam method known from, inter alia UnitecJ States Patent iio. 3,376,842. The grating 

31 i:: known as a three-beam grating as shown in Fig. 3 and has substantially straight, 
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. pmallel· gr&ung liDes .. To avoici vigitettulg of the sub-beams 32 •and 33 through.the Objective 

syitem 12; the1listance ~· ihe diode laser 7 and the three-beam· grating 31 should not 

be too small. A distance· of 1 ~ '2" mm Only yields a small Vignettirlg; while the. positioning . 

sfa:bility of the grating with respect to the radiation source is within the required tolerance 

. s · nmits~ 

,) 

The beam shaper 8 is used fOr·i'educing the ellipticity of the cross-section . ·. . : . . .··· ... .. ..... . 

of the rldiation bealn·ftom ·the diode laSer 7. The iecond surface 30 of the beam shaper is . 
:· • • .•.• - . . • • : . • ! • ~ • . • • • •• • • 

provided with a maiilly cylindrical portion having a cylindrical axis. This portio~ bas an 

angular magtiifiCatlori: of the Order.of n1/ri2 in a transversal ·plane (YZ-plane) an~ an angular 
., 

10 magnification of the ~er of n,_/n1 in a .~teral plane (XZ-plane), in which· the transversal 

plane and the laferaI plane are peipendicuJar to each other and intersect each other along the 

opdcat axis (£axis) of the"bCanl shapef, arid the cylindrical axis is located in the transversal 

p]ane. The parameters n2 and n1 .·are the ieftactive indices of the element matCrial and the · 

surroiinding mediiim, resPCctively. ·The firSt surface · 15 is toroidal." The beam shaper is 

15 .·entirely made of the synthetic material polycarbonate (PC) and has the following parameter 

values: 

20 

·: ~- · · -· ·· · · ·- --·dist1:mce-to-the--diode-laser -Z1 ··==-2.0 min;--including-a-0-.25--mnt .thick- ··- .. 

coating glass with n = 1.514 for the Jaser. 

curvature of the second surface 30: .. __ .·· _ . . ··-- .. 
.;.. ... .. . ... --~, -· . ·~ -·. . 

·in .the.XZ-plane C1x =· -2.032 nim~1 and slightly ~~e_?~~ . _ .. __ ·_ ........ ·. 

. in .tlle··yz.-plane C1y = --0.020 mm"1 •. 

· ·thickness D = 2.70 mm~ ... ·····-· • .. -······.". ·-- .. 

. curvature of the firSt surface 15:-·····--~· 
. - . . ......... l ······ -· 

in the XZ-plane C,,,x = -0.434 .. .mm·.; .... 

25 - · in the YZ-plane Ci,y = -0~166 mm·1 and slightly aspherical. 

The beam shaper shapes a beam with NAs of 0.10 and 0.20 in two mutually perpendicular 

directions so as to obtain an exit beam having a circularly symmetrical cross-section and a 

NA of 0.15. Other embodiments of the beam shaper are described in the non-prepublished 

European Patent Application no. 93203681.7. If the first surface 15 of the beam shaper haS 

30 more optical power than in the embodiment described above, it may also function as a 

collimator lens so that the beam shaper gives the beam from the diode laser a circular cross-

section and collimates as well. 

In the scaniling device shown in Fig. 1 the functions of the beam-splitting . 

element and the beam shaper are united in a.single component. However, it is possible to use 
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the beam-splitting element according to the invention without the fun~on of a beam shaper. 

Fig. 4 shows a scanning device according to the inyention, inclliding such a_beanl-splitting 

e ement 40. The element has a tint flat surface 41 with a separating grating 42 and a second, 

similarly flat surface 43 with a three-beam grating 44. A mirror 45 according to the 

5 iJ :vention is arranged in the path of a sub-beam 46 formed ·by the separating grating 42. The 

n irror is integrated with the beam-splitting element. 

Fig. S shows a scanning deVice ac:Cording t<> the invention in which a 

sc cond sub-beam 48 formed by the separating grating 42 is _guided t<>wards a second 

d• lteetion system SO Via a second mirror 49 in the same way as the sub-beam 46. The 

10 di.rection of this sec0nd sub-beam .extends at an ·equal but opposite angle t<> the direction of 

the beam 10 as compared with theditection ;Of the sub-beim 46. An jnfonnation signal Si', 

w tlich may be used to improve the signal quality of the information -signal Si of the detection 

S) stem 9, can be derived from the output signals of tbe second. detection system via a. signal 

pi!ocessing circuit 51. Since the·scanning spot formed by the-su~beam 48 on the detection 

· 15 S) stem 50 has a less satisfactory quality than that of the sub-beam 46 on the detection system 

9, the servosignals Sr and ·St are preferably derived from the ou1put signals of the detection 

system 9. The gratings 42 and 44 may be implemented in the same way as the grating 16 and 

31, respectively, described above. 

It will be evident from the foregoing that the beam-splitting element may 

20 alio include the function of a planoconvex or biconvex.collimator.lens. The beam-splitting 

etc :menfinaf nororufbe usea 111-opticat Sc;anmng-aeVices ror-·recc;-ra:·carrrers;ounif ·au-- --·· 
op,tical devices such as, f~' ~pi~ ~-priii~ lii wtiicli'.a'J;art of an on-going beam must 

bel split, inrertilia' ·10r -~g .. tJie· mtbilsit{irt~ilie\-)ii~gOfug·ti~ni: :: · 
! . - ~ 
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Claims: 

111111~ m1~ 111~ 1111111111 
L. M s * 

1. ~ "An "OptiCal beam.:.sl)litting ·etement baVing. a·first·siirfBCe which is ·provided 

With a:· gtating for gerieratilig a sub-beam ·havirig:a, second direction frOm a radiation beam -. . 

. mcident oD the firSt siirface and haVing amst direetiori/~'m·that the beam­

splitting element comprises a mirroi far chailgirig the ·direction of the slib-beam from the 

5 second direction to a third direetion;. the -angle between the first and the seeond direction 

being smaller than-the angle bei'Ween tlie first.and the third·directioo~-- · 

2. ~ optical beam-splitting element as. claimed in Claim 1, characteriz.ed in 

that it has an exit surface in the path of the sub-beam and in that the mirror is located in the 

path of the_ sub-beam between the first surface and· the exit surface. 

io 3. An optical bCanl-SplittiDg element as claimed ·in l~laim i or 2, 

characteriz.ed in that the ·JDiri'Or "is "fut.ally :intemaily· reflecnng~ : 
4. : . An-_oi>tiCal be8m~sJ>littiiig Clement as clabne11 in cli,im ·1, 2 or 3, 
. . . . 

characterized in that the ·angle betWeeta" ihe· fifst and :the.1hud direCtloo 1s substantially 90°. 
s. - ·· ·Ail oJ;tical beali\~splitting element al" ·ctaimCd lii;Claim -i, 2, 3 or 4; 

is chanlcierizCd in tliat' the ·irtting: ·comprises !Wo ·sub-gratings. 

6. . -An optical beam~splittmg elenierit aS. ciainied in ·claim 1, char8ctem.ed in . 

-that it has ·a sec0nd. surface l0caied m ~e path 'of the 1ncident ·beam, and in that the second 

. ) smiace· is ptovided with ·a grating havmg pUanel ·grating"lines ...... : .. 
7. ···An optical ~~si>littlng element·as-·cJaimed in. Clalm 1, cbaraCtem.ed in 

20 .. that it bas a second ·surface loeated in .the path. of the incident. bean1, and in. that at least one 

of the surfaces, first surface and second sunace. has optical power. 

8. An optical beam-splitting eleinent·as claimed in Claim 7, characterized in 

that the first surface and the second surface have a common optical axis and in ~t the 

second surface is provided with a substantially cylindrical p0rtion having. a cylindrical axis, 

. 25 which po~on has an angular magnification of the_order of.n1/n2 in a transversal plane and 

an angular magnification of the order of n2/nl in a lateral plane, in wllich the transversal 

plane and the lateral plane are peipendicular to each other_ and intersect each other· along the 

optical axis, and the cylindrical axis is located in the transversal plane, and in which n2 and 

ni are the refractive indices of the· element material and ihe surrounding medium, 
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.... - . -~ reipectively, and in'tliat.the firsisiirtaeeis::itoro1<Wsurtace:··:--_··:. . .... ., ' ...... '!'. 

9. : . · A radiation ··s0Uree· uiiit coiitpj.islng a diode. i&ser:· an 0ptieal beani~splitting 
ele'ment as 'claiinect in any:one of the Preeecling"·ciaims and a radiation-sensitive detection 
sy2.tem arranged in th:e'J)ath ofSa.ki<sub~be&ni .. : .. '. -··· :.· 

. .• - . •. .. . . . v ... -~-r-·... . .. . . ; .. - -· ..... · ·- : . . ·· . -· .. ·-·· .• 10 · .. -···-An optieat~I dmce'for scamung·an lnfomiation pl8iie; which 
e•foe com}MSCS·'B-~oni~tUliitcas;cwniec.i\tt'cratm'9 incfiaifl>bj~ve ~1•··1of =­

tocUSin1 th&ftmlliition·blmif StlPt>iidd~byttiilliiitio;tomiC.\~iij)Of·Oh'ttit-·~ifon 
pJa·rie, mm· fu:•Wfil.cliibe 1~0h~~'irranger1 in the radiation iource uiiit for 
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