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The Mask Manufacturing Unit (MMU),one of the three main components of theVIRMOS project, has been delivered andsuccessfully installed at Paranal Obser-vatory at the beginning of August. TheMMU is a laser-based system, whichwill be used to cut the slit masks for theVIMOS, NIRMOS and FORS2 spectro-graphs. The unit also manages the se-lection, storage and insertion of themasks into dedicated cabinets. Abatchof masks has been manufactured onParanal for a test with FORS2. Thequality of the masks (position accuracyand roughness of the slits) are fully com-pliant with the instrument specifications.


Introduction


Aconsortium of French-Italian astro-nomical institutes is building three in-struments for the VLT: VIMOS, NIR-MOS and the MMU. The whole is theso-called VIRMOS project [1]. VIMOS(Visible Multi-Object Spectrograph) andNIRMOS (Near Infra-Red Multi-ObjectSpectrograph) are focal reducer andspectrographs with imaging capabilityto be used for deep and large field ob-servations. VIMOS is right now in thesystem test phase at the Observatoirede Haute-Provence and is expected tobe delivered to the community in July2001. NIRMOS is entering the manu-facturing phase.The VIMOS field of view is splitin 4 quadrants of 7


′ ×


8


′


each (8


′ ×


6


′


for NIRMOS)and therefore, foreach, a slit maskis needed for aMulti-Object Spec-troscopy observa-tion. The masks(up to 15 per quadrant) are inserted dur-ing theday in the so-called InstrumentCabinets. Before the observations, the4 cabinets are installed on the fourchannels of VIMOS. The Mask Ex-changer Unit is a device in the in-strument, which allows exchangingthe masks remotely according to theobservation programme. The MMU is
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Figure 1: The laser cutting system asinstalled in theMMU Laboratory at Paranal. The invar sheet on which theslits will be cut ismounted and clamped on the X  –Ytranslationstage.
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located in a laboratory in the CampArea. From there the 4 InstrumentCabinets, loaded with the masks, aretransported by car to the telescopein suitcases re-arranged for this pur-pose.The FORS Consortium has retrofit-ted in FORS2 a Mask eXchange Unit(MXU), which gives the possibility toplace slit masks in the focal planeof the telescope [2]. The multiplexcapabilities of the instrument may beincreased up to 200 targets per mask.Up to 10 masks (produced by theMMU) can be stored in the unit. Theloading of the masks into the MXU isdone manually during the day, but theselection and exchange of the masksduring the observations is remotelycontrolled by the instrument controlsoftware.


Description and Performance ofthe MMU [3]


Figure 1 shows a picture of the laser-cutting machine. An air pad X – Ytrans-lation stage is mounted on the polishedsurface of a very stable granite table of2.5 tons. The 0.2 mm thick black coat-ed invar sheets are mounted on the X –Ytable and they are flatted with an airclamping system. A20 W pulsed (1.6KHz) Nd – YAG (


λ


1064 nm) laser ismounted on top of the table. An ex-pander and objective lens focus a 40


µ


m waist spot on the masks. Cutting ofthe material occurs under a 16 barcompressed air jet. The laser system(manufactured by the German LPKFcompany) is also equipped with a dou-ble close water circuit for the cooling ofthe pumping lamp and with an air pres-sured device for exhausting of themask debris. The X – Ymoving table al-lows a position absolute accuracy bet-ter than 15 


µ


m and can cut slits with awidth down to 100 


µ


m (0.17 arcsec onthe sky). The shape of the slits can beadapted to the observer needs, thewidth along the slit may even vary.Theminimum radius of curvature of the slitsis 2 mm.The physical size of each VIMOSmask is 305 


×


305 mm but the usefularea is 244 


×


279, which fits the detec-tor field of view (7


′×


8


′


). Figure 2 showstrue to scale the 4 VIMOS quadrantsand the location of the masks. The dis-persion direction of the spectra on theCCDs is also shown. Figure 3 gives a typical laser cut VI-MOS mask showing, in addition to theslits, the reference marks for high posi-tion accuracy on the VIMOS focalplane, the attaching holes for the han-dling of the masks by the MaskExchange Unit, the holes for referencestars and the identification code.The main requirements on the masksfor VIMOS and NIRMOS are listed inTable 1. It shows also the results ob-tained at Paranal after installation. Allof them are better than the requiredvalues.The number of slits per mask may begreater than 200 when VIMOS is usedin low-resolution mode (R~200). Up to 5slits can be drilled along the dispersionwithout spectra overlapping. The highcutting speed of 6 mm/s allows to pro-duce up to 32 “low-resolution” masks (8fields) in an 8-hour working time.Since the spectroscopic observa-tions through the masks have to bedone at the best observing conditions(targets near the meridian), the directimages of the fields to be taken by VI-MOS to prepare the masks have to berecorded at the beginning of the nightseveral weeks before the spectroscopy


Item Specification Test results in Paranal 


Slit width 300 to 1000 


µ


m


 ≥


100 


µ


mShape It shall be feasible to cut slits of arbitrary shapes, with the Any shape. Radius of curvature:above-mentioned edge quality and slit width (degradation of> 2 mm. Same slit width and edge30% acceptable)quality as aboveEdge quality < 5 


µ


m peak to peak 1.3 


±


0.3 


µ


mAbsolute positional < 30 


µ


m, including temperature variations between fabrication 


≤


15 


µ


maccuracy with respect and operation in VIMOS and NIRMOSto the mask support frame Speed > 7 m/h (1.9 mm/s) 6 mm/s 


Table 1. Required specifications for the VIRMOS masks. The results after installation in Paranal are included.Figure 2: Distribution of the 4 slit masks on the focal plane of the VIMOS quadrants. Eachmask is 305 305 mm.
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run. Also, masks for a large number offields must be available to optimise andadapt to the scientific programme, theoptimal target position with respect tothe meridian and the required exposuretimes. For this purpose, a hardwareand software system called MaskHandling System has been implement-ed to control the identification, clas-sification and flow of the masks. Thecutting machine engraves a bar codeat the bottom of the masks (Figure 3,(f)) for the identifications.AStorage Cabinet was built to storethe manufactured masks (Figure 5) be-fore they are inserted in the InstrumentCabinets (the boxes that contain the15 masks to be placed on the VIMOSquadrants during the observations). Upto 400 masks may be stored (100per VIMOS quadrant). Abar code lasersystem is used to keep track of themasks in the Storage Cabinet. Finally,the so-called Instrument Cabinet Robot(Figure 6), is a device to insert semi-automatically, in a known order, themasks into the Instrument Cabinets.Once loaded, the Instrument Cabinetsare transported from the MMU Labora-tory to the telescope and mounted intoVIMOS (NIRMOS).Three main software packages werebuilt for the MMU. The Mask HandlingSoftware provides a Graphical UserInterface for all masks handling func-tions excluding the manufacturing. Itrecords the storage order of the masksin the Storage Cabinet, interfaces theInstrument/VLTsoftware and acts asfront end for the LPKF file converter soft-w a r e .The Cut Manager Software is a
GUI for the handling of mask files andis a front end of the LPKF cutting soft-ware.The mask preparation begins withthe preparation of a file by the observerfrom direct images taken with VIMOS(NIRMOS) with the positions (in mm) ofthe slits. The files are sent to a PC inthe MMU Laboratory where they areconverted in “gerber” CAD compatibleformat files. Afinal conversion is doneby the LPKF-owned software to createa file with the cutting commands. Oncethe masks are made, they are stored inthe Storage Cabinet and from there, theyare inserted into the cabinets, whichare installed into VIMOS (NIRMOS) forthe spectroscopy observations.


Installation and Operation


Aroom in the General Storage build-ing just in front of the A u x i l i a r yTelescope Hall (ATH) in the Camp Areawas built as the MMU Laboratory.Allnecessary facilities like electricity, wa-ter, pressurised air, LAN, telephone andair condition were designed and imple-mented in time by the Paranal Engineerand Facility departments. Due to thesize and weight of the laser table, thefront wall of the MMU Laboratoryhad to be removed for the installation(Figure 4).Two weeks were necessary to installall the MMU components, interfacethem and put all the system in opera-tion. Mr.A. Mueller from LPKF spentthree days to install, align, operate thelaser, and to perform the first mainte-nance protocol according to theContract. On August 2 the first VIMOSmask was successfully produced inParanal.In the following days, the protocol toprepare the FORS-2 masks for theMXU was completed mainly by A. M.Aguayo and W. Hummel. All the neces-sary masks for the test run with FORS2 were produced.The MMU, after additional check-upsand minor failures during this installa-tion period, is now in operation andready to manufacture the observationmasks for FORS2 visitor observers asof November 2000 and early next yearfor VIMOS commissioning.We want to thank the Paranal En-gineering and Facilities Departments


Figure 4: Moving the 2.5-ton Laser Table inside the MMU Laboratory.The wall had to be removed for this purpose.Figure 5: The VIMOS Storage Cabinet. 400 masks may be stored (100 per VIMOS quadrant). Figure 3: Typical VIMOS mask sam- ple showing exam- ples of straight and curved slits (g),square holes for reference stars (h),mechanical refer-ences for high position accuracy on the Nasmythfocal plane of the4 masks (b, c)and identificationcode (f).
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