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ABSTRACT

A near-infrared instrument is being built for th&R@& 3.5 meter telescope that will operate in bothinaaging and a
narrow band, full field spectroscopic mode. Th& 4.4.5 field-of-view is imaged onto a new-gengoa, low-noise

Rockwell Hawaii-1RG 1024x1024 HgCdTe detector. HHigsolution (R~10,000) spectroscopy is accomplishg

employing a Queensgate (now IC Optical) cryogeibri~-Perot etalon. The instrument is housed iargel Dewar of
innovative, light-weight design. This report déises the as-built opto-mechanical system for ttetriment and the
work remaining before deployment at Apache Poirgédbatory in New Mexico.

1. INTRODUCTION

1.1 Instrument Description

The University of Colorado is building a second gmtion near-infrared (NIR) instrument for the Agtnysics
Research Consortium (ARC) 3.5 meter telescope achg Point Observatory in Sunspot, New Mexico. ré&hity
named Near-Infrared Camera and Fabry-Perot SpeetesniNIC-FPS), the instrument is undergoing iraéign and
test, and is to be delivered to the observatoer lditis year. Once commissioned as a facilityrimaent, it will replace
the aging GRIM II which provides the community’slyNIR imaging and spectroscopy, and will signifitig enhance
the NIR capabilities of the ARC user community.gldfe 1 is a cut-away view of the instrument. Th&trument's
exterior dimensions are 60 cm in diameter by 180a1g and it weighs approximately 225 kg.

Low noise imaging and full field spectroscopy Wik employed in a wide array of galactic and exfeagjiz science
programs. Two examples of anticipated operatinokide using the imaging mode to help classify Wigdshift objects
discovered by the Sloan Digital Sky Survey, cotedaat Apache Point, and using the spectroscopitento explore
stellar outflows and shock waves in star formingioas. The NIR is the primary wave band used ftbenground for
observing atomic and molecular lines that penetraeigh-extinction regions near dust enshroudgeots.

A brief description of the optical design is prasttifor completeness; a more detailed account cdoumel in Vincentet
al. (2003, hereafter Paper 1). The ARC telescopesi$ an, f/10.35 modified Richey-Cretien. A setrmtkrchangeable
instruments are available for use at the Nasynpibr2 by the ARC community. The Nasymth 1 portéslidated to an
eschelle spectrograph. NIC-FPS will be mountati@tNasmyth 2 port when in service.

NIC-FPS optics are designed to provide (ain® 2 pixel sampling under good seeing conditions@b” full width at
half maximum (FWHM), and 3 pixel sampling at medseeing conditions of ~0.9”. These requirementsatiéd a
f/3.99 camera with a 0.27” pixtlscale. The effective focal length is 13,590 mMIC-FPS will be one of the first
ground-based instruments to employ the Rockwell &laBbRG 1024x1024 HgCdTe detector with L@ pixels



(1016x1016 pixels are active). Cold preamps afgetosed for noise reduction since the controfigrhysically distant
(~ 1 meter) from the detector. The field of viesv4.58 edge-to-edge and 6.42’ corner-to-corneéfhe geometric
distortion is minimized and well characterized at5% at the edges and 1.6% at the corners.

Figure 1. Cut-away view of the NIC-FPS instrume

1.2 Scope of Report

This report provides details of the as-built opteetmanical system of NIC-FPS and serves as NIC-Ep8rR2. Paper 1,
Vincent et al (2003), provided optical design details and inseeat specifications. A third and final report will
document instrument performance as determined glwemmissioning and initial science operationsctiSe 2 below
describes the instrument hardware and applied tdoby for the optical components, the bench supgioticture, and
the Dewar that houses the instrument. Sectioro@iges a brief description of remaining work. $@t¥d summarizes
and concludes the report.

2. INSTRUMENT HARDWARE

2.1 Optical Components

The basic optical layout for NIC-FPS is shown igufe 2. The instrument’s optical axis coincidethwhe axis of
rotation on the Nasymth 2 port, a design featua¢ ltlas greatly simplified preparation of the phgbkaystems. An early
version of the optical design proposed splitting thptical beam with one path supporting imaging #rel other
spectroscopy with the Fabry-Perot. By decidingrove the etalon into the optical path when needex greatly
simplified the geometry of the instrument at thetoof flexing the etalon control cables while c@teear 80 Kelvin).
The portion of the cables which is required to flexemovable and is attached to the integral cathlat enter the etalon
housing (and don't flex); a spare set of cablegr@sided in case the repeated flexing degradesdheuctors. The
etalon mover cables do not flex, so the imaging enstibuld still be available because even a disatibddn can still be
removed from the optical path.

The entrance window is a 140 mm diameter, 14 mokt@iak parallel-surface disk that is mounted normal ® dkis.
It is mounted on an aluminum snout which extendsiaith2.5 cm back from the vacuum bulkhead. Anrioteadiation
shield in the snout is actively cooled (and coatptically black) to reduce the solid angle of raidia that is incident on
the collimator, thus reducing its heat load. Thedew is sealed by an o-ring and is retained bimgple locking ring.
To avoid condensation on the window (all ARC instamts must safely withstand a condensing envirotinbeuid
nitrogen (LN2) boil-off is ported to the vicinityf the window as described in the next section.



The collimator is a three-element optical assentlit by Janos Technology, Inc. The lenses arerier, optical
grade fused silica, CaFand ZnSe contained in a single aluminum housiBgch lens is positioned on a v-block and
retained by springs. Differential contraction dgritool down aligns each lens with the optical axitie first element of
the collimator is located 384 mm behind the telpsctocus. This distance allows the f/10.35 bearaxjpand to the
pupil size of 40 mm. No corrector lens is requimedront of the telescope focus. The pupil isdtexl 310 mm behind
the collimator. This space allows ample room Foeé (upgradable to four) filter wheels with adatitil space for future
optical equipment. Angular magnification at theipis the ratio of the primary diameter to the ppaiiameter or 85x.
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Figure 2. Optical layout of NIC-FPS. Dewar (entr@) window is the boundary of the vacuum volur@her components ar
operated near LN2 temperature. Etalon is shovtharfull-field spectroscopy position and is reteatfor the imaging mode.
Note that the as-built system swaps the locatidiseoetalon and filters on the sides of the Lyopslue to physical space
limitations on the optical bench. The upgrade aan®a potential future enhancement to a 2k xetkato.

The 0.39:1 camera, also by Janos, has five elenemtsingle housing. These are distributed iripdet (ZnSe, Cak;
fused silica) followed by a singlet (Cgknd a field flattener (fused silica). Ghost images minimized by the design
of a convex back surface for the corrector lersdnt of the focal plane array (FPA). As in thdlicoator, v-block lens
mounts are used. The optical design was done de ®oand optimized in Zemax.
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Figure 3. The physical layout of the optical comgats shows the collimator (3 elements) and calieetements)
housings, the double and single filter wheels, tiiedetalon in the optical path.

Image quality of the baseline design is close ¢éodiffraction limit. RMS spot diameters (includittie 3.5-m telescope)
are maintained below the pixel size at all wavelbs@nd positions on the detector. No refocussngecessary over the



operational wavelength range. To simplify manufeaogy and reduce cost, all surfaces on both thénwator and
camera lenses are spherical and were matched stngx{Janos) test plates. Additionally, assersbliere thermally
cycled to LN2 temperatures by the vendor beforeveei.

The filter wheels, one single and one double, axgetl on an Ohio State University, Imaging Scienadsoratory
design. Each wheel is positioned by a cryogempgstr motor through a pinion gear in contact wilpar gear located
around the wheel's circumference. Limit switcloesitinuously monitor the rotational position of bagheel and the
final position when the selected filter is aligrtedhe optical axis.

The wheels have seven slots each with one left\efopta total of eighteen filter slots. Currenttile space is allocated
to broadband filters J, H, and, KMauna Kea Filter Set) that were purchased fromr Basociates as part of the Gemini
filter consortium and a Z band filter. Central wangths are 1.250, 1.635, 2.125, and 1/0@0espectively. A set of
twelve narrow band filters, one blocker, and ongetsunallocated slot complete the inventory. @& Iresolution grism
may fill the unallocated slot.) Table 1 lists tharow band filter specifications in terms of thaiting species. The
narrow band filters will be used for order sortohgring full-field spectroscopy. Central wavelergjthere chosen based
on key diagnostic lines in the NIR; the filter sifieations were chosen to maximize scientific retof the Fabry-Perot

etalon.

Species Configuration CWL (um) A CWL (um) FWHM (um) AFWHM (um)
H; V=1-0 S(1) 2.1218 +0.0004 0.007 +0.0007
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
H» V=1-0 S(1) 2.1297 +0.0004 0.007 +0.0007
continuum (5% of FWHM) (0.4% of CWL) (10% of FWHM)
H; V=2-1 S(1) 2.2471 +0.0004 0.007 +0.0007
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
[Fell] ®Dyj2- ‘D1z 1.2570 +0.0002 0.004 +0.0004
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
[Fell] ‘Fri2- “Dap 1.5995 +0.0003 0.005 +0.0005
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
[Fell “Fora- *Disa 1.6440 +0.0003 0.0055 +0.0005
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
[Fell ‘Foiz- “Dsa 1.6501 +0.0003 0.0055 +0.0005
continuum (10% of FWHM) (0.4% of CWL) (10% of FWHM)
Bry n=7>4 2.1661 +0.0004 0.007 +0.0007
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
Bry n=7>4 2.1742 +0.0004 0.007 +0.0007
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
[Si V] 2Pyjp— 2Py 1.9650 +0.0003 0.0065 +0.0006
(5% of FWHM) (0.4% of CWL) (10% of FWHM)
[Si V] 2Pyjp— 2Py 1.9730 +0.0003 0.0066 +0.0006
continuum (5% of FWHM) (0.4% of CWL) (10% of FWHM)
Y-band 1.03 +0.01 0.11 +0.01
(10% of FWHM) (10% of FWHM)
Table 1. Filter specifications for narrow bandefis to be used as order sorting filters for fidlef spectroscopy. Full width at
half maximum (FWHM) and central wavelengths (CWL§ apecified to optimize the science return offhbry-Perot etalon

The Fabry-Perot etalon (QI EC50WF) was providedRige University for use at LN2 temperatures for-fidld,
R~10,000 spectroscopy. The velocity resolutiond® km/sec., finesse is ~40, and the free speetngle is 0.00&m or
0.4% at 2um. It has a 50 mm clear aperture through wates:fiesed silica windows that will be filled to 0v@0% by
the beam. The etalon will be moved into the begna Istepper motor driven, traveling nut designdinstage that is
mounted normal to the surface of the optical berthe stepper motor and limit switch set are idetio those used for
the filter wheels, although the limit switches ntonionly the ends of travel of the etalon.



The focal plane array is mounted on a molybdenuackat which is fastened to an aluminum base platee bracket
material was chosen to CTE match the molybdenummihleblock upon which the detector is hard mouritgdthe

vendor. The large CTE difference between molybdeanoh 6061-T6 aluminum are compensated for by apthslot

arrangement with a pair of tensioners retainingntodybdenum bracket. The arrangement is designadsb mount on
a linear stage in case there are positioning adsts needed during optical testing.

In order to simplify assembly and avoid realignméelays, all optical bench components are positianeslip-fit pins
along the optical axis. All housings and suppoechanisms are made of 6061-T6 (or 6062 in the chdlee etalon
mover) aluminum as is the optical bench. This Isingaterial construction minimizes differential timal contraction
during cool down to and operation at temperatufesaund 80 Kelvin.

2.2 Optical Bench Support Structure

The optical components are mounted on a fully targred structure at the telescope’s Nasymth-2 pBdginning at
the telescope rotator face, the structure consiss mounting plate, front housing, vacuum bulkheamld stand-off
assembly, and optical bench assembly (see FigureThg entire structure is designed for rigid suppd the optical
components at all angles as the instrument is reduob rotate (about the optical axis) a full 3Gfgkes in either
direction (since the ARC3.5 is an altitude/azimsyistem needing an image de-rotator). A descrippioeach of the
parts of this structure is provided in the ordstelil above.
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Figure 4. Optical bench support structure.

The mounting plate is a 2.5 cm thick by 80 cm diemaluminum plate which is attached to the rotéce by a set of
four welder’s clamps. The plate is positioned Wy kinematic bars, one which sets the x-axis @rétalignment and
the second which works with the first to set thaxjs or vertical position. The bars are constmiaié tool steel to
ensure that operational wear is minimal and aligpesitions are maintained. The welder’s clamps atdtor face
maintain the z-axis positioning of the instrumeniThe center of the plate has an opening for gieal path. Attached
to the mounting plate is a baffle and field stophattelescope focus (warm focus) which lies ~21betyond the rotator
face.



Attached to the mounting plate, and aligned byiagfasslip-fit pins, is the front housing. This & diameter by 50 cm
long cylinder provides a structural standoff foe tacuum chamber as well as a housing for detectbrstepper motor
controllers, electrical penetrations, cable draespure sensor, nitrogen backfill connection, amclum chamber over-
pressure relief valve. This warm front housing desallows an approximate 30% reduction in the vatwhamber

volume, while providing access to the warm telescfqgus. The housing has a set of service opeffiimggraintenance
access, but is closed off during operation by pattet are light (and Miller Moth—a significant apgonal annoyance
at Apache Point every summer) tight. The frontdiog heat load, which is under 10 watts, is pritgadue to the

detector controller. Since the instrument is regplito operate in a condensing environment, follegfecondensation

on the entrance window is essential. The volunmadgtained at a low dew point and the heat loabieewhat offset
by exhausting LN2 boil-off into the housing. Thabte drop is a strain relieved opening on the widerof the housing
through which the service cabling exits the insteatn As the instrument rotates, the cable is wedparound the
housing as on a reel.

On the far end of the housing is mounted the fi@atuum bulkhead, also positioned and properly @ddy a pair of
pins. The pins are both placed 7.5 degrees tsdhee side of the vertical plane to force a uniquentation of the

attached cylindrical component. (Note that aligntnpins are used throughout the instrument to ensarrect

placement of each component and simplify assembhe added benefit of using alignment pins hagfaweighed the
incremental cost that was incurred by adding thertihé design.) The bulkhead is a 5 cm thick alummirplate that is
hogged out (light-weighted) to a minimal wall thigdss of 1.25 cm and webbed to retain structuraityg On the

warm side of the bulkhead is a pair of electrichgtration boxes (that allow attaching internalliogbwithout the need
to access the interior side of the bulkhead) angliadrical “snout” on which is mounted the entrangindow. On the
cold side of the bulkhead are attached the coladstdf assembly with optical bench assembly andhibevar housing.
A radiation shield is also positioned about 1 cnaypdrom the bulkhead by a set of Teflon bolts. sT$hield serves to
protect the multi-layered insulation (MLI) from tmétrogen back-fill flow as well as provide thedfirradiation barrier
for the cold interior components. The shield miatds branded Primirror 11, a polished, nickel teoshaluminum that
was developed for lighting fixtures. It is used it high reflectivity and light weight.

The cold stand-off assembly consists of a mounting, a G-10 fiberglass ring (spare from the FLAMBRS project)
that provides thermal isolation and structural supfor the optical bench assembly, and the alumirald stand-off.
This design was developed to allow for a reasonigigth of thermal isolating material (~21 cm lod§, cm diameter,
0.5 cm thick), while maintaining the rigidity needér optical alignment. The cold stand-off is enttmeter thick
cylinder that folds the structure back about 20 amd allows for additional mechanical support fog tantilevered
bench. A set of internal gussets are bolted tactheé stand-off to prevent the cylinder from defargh(becoming egg-
shaped) under asymmetric loading. The cold stdhditows the reduction of the Dewar volume disadzarlier.
Electrical cables that penetrate the vacuum bulkr@ao pass through the face of this componentthedadiation
shield. This component (and essentially all otwnponents in this instrument that are made of elum) is made of
6061-T6 aluminum.

The optical bench assembly consists of the oplieakth, two structural beams, and a transition péwkcross beam.
The beams are bolted to the underside of the dfit@ach. Raised, precision-machined pads are aisédxbth the bench
and beams to ensure a high tolerance fit betwessetbomponents. One end of the beams is boltdtwtbase of the
cold stand-off, while the transition piece is alftad to the inside front of the cylindrical portioA cross beam connects
the transition piece to both of the beams. Macigndf the bench and beams was specified to higirante—the
finished assembly is flat to less than 40 microfe-heat treatment of these components was alse wominimize
residual stresses and provide uniform thermal eatibn without warping. The transition piece amdss beam attach
the bench to the inside of the cold stand-off @gdinapproximately 20 cm from the base of the staihd-

For the cold stand-off and optical bench assentbky,machining was done in stages with retreatmttet &rst pass
machining (because of the elevated temperaturele wiachining the aluminum) to restore the T6 pesigand then
final pass (high tolerance) machining. This apphoaas adopted to ensure that the final assembipldf components
was of uniform heat treatment so that uniform threroontraction would maintain the warm alignmeRerpendicularity
of the bench to the cold stand-off was achieveaitbin 10 arcsec. using a high precision level gnanite blocks.
Displacements were measured by a theodolite viewipgir of reference blocks through the entrancelaiv, one at the
cold stand-off and the second at the position ef BPA on the optic bench. Results measured dwrireg down



indicated that this method produced an assembtywha displaced by ~160 microns vertically betwesom and LN2
temperature, about half of the anticipated disptaa@ of 350 microns. This displacement is fas liémn the offset that
is possible with the tertiary mirror; this and atlséight misalignments will be compensated for ésting for alignment
on the sky at varying rotational angles (prepatirgy“instrument block”) during commissioning.

In all structural cold components, stainless s(8&) bolts, over-torqued by 25%, are used to adetdrquing of the
bolts since the coefficient of thermal expansio EE difference between aluminum and the boltingemat is large.
Stainless bolts have a CTE that is closer to hiliteds than that of aluminum, yet closer thancklaxide bolts; the cold
aluminum contraction does not relax the torque & &S significantly as it would black oxide. Phaspbronze
helicoils are used whenever SS bolting is emplayedvoid galling of SS in vacuum. (Elsewhere ia thstrument,
black oxide bolts are used with SS helicoils toimime costs because phosphor-bronze helicoils)grerssive.)

2.3 Dewar

All optical components except the entrance windosvleused in a Dewar, a large vacuum chamberghaidled with
liquid nitrogen. The Dewar consists of a pair atwum bulkheads, a housing with maintenance ach®ss, radiation
shielding, and a liquid nitrogen tank as showniguFe 5.

Figure 5. Above is an exterior view of the Dewdttwvattached warm housing and mounting plate. Béto
view of Dewar contents with the housing removedteNhe liquid nitrogen tank is adjacent to but not
supported by, the optical bench assembly.




Overall external dimensions of the vacuum volune 186 cm long by 60 cm diameter which yields aariml volume
of about 325 liters (including the internal LN2 karhich is at atmospheric pressure). The entirerd@dplus LN2 tank)
weighs about 100 kg. This high volume-to-weightaratas required to remain within the ARC 3.5 metaator load
limits of ~225 kg total (500 pounds) while housetpng optical path instrument.

Light weight construction required a thin-walledaatber housing (0.32 cm) and light-weighted vacuuiikieads. The
chamber housing was machined from a single pie@usfiinum by a local shop with integral flanges apenings for
access doors. A thicker ring (~ 1 cm) was providedthat curved doors could be bolted directlyhte housing.
Bulkheads were hogged out to the maximum extensiples with ribs left in place to provide structurstrength.
Although the housing is light for its size, it ldulky, so handles were incorporated to eastaitation.

On the inside of the housing is suspended a cylinfl@adiation shielding which is integral with ti@using during
installation and removal. The shield consists &franirror 11 cylinder with aluminum end rings fdaruetural support
and attachment hardware. Multi-layer insulationL{Mis wrapped around the outside of the shieldnddr and is
attached by Velcro pads that are epoxied to thalmdthe entire assembly is suspended by a seBdéfsion springs
which attach to the inside of the vacuum housiibe springs are used to nearly eliminate thermatiootion from the
warm shell to the cold shield.

The liquid nitrogen tank is a welded volume thaldsol8.2 liters of LN2 when filled (half of the tawolume) to the
centerline fill tube. The large tank volume wasigeed to provide long hold times (48-72 hoursween charges.
Since the instrument is mounted horizontally andgstmatate 360 degrees on its long axis, the fik lis always above
the liquid level. The varying amounts of LN2 irettank do not contribute either to the optical heloading because
the tank is supported on the housing or to thetiootal balance of the instrument because the LNgsdwt rotate. This
decoupled arrangement should improve the pointiagilgy of the instrument during operations.

Thermal isolation of the tank is accomplished byumting the tank on a set of eight G-10 plates @nat0.6 cm thick, 10
cm wide, and 30 cm long. The fill line includesextion of knife-edged bellows that is made ofimber of very thin
walled SS folds. The tortuous thermal path throtlgé bellows is equivalent to over a half metetttoh-walled (~25
micron thick) SS tubing, yet is compressed into@rB8connection. There is also a layer of Primitorshielding plus
MLI between the tank and the warm rear bulkhead.

An innovative seal design was incorporated betwberLN2 tank and the bellows assembly. A metaégcexpanded
PTFE (Teflon) o-ring (manufactured by Gore-tex) waated between two flat surfaces, one which isened@luminum

and the other of SS as shown in the right hand wiEkigure 6.
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Figure 6. The liquid nitrogen tank with vacuumihédad attached (left) and removed. The G-10 pktesturally support
the tank while allowing minimal thermal conductiomhe bellows and seal assembly with fill linef®an on the right.




This design was chosen over the commonly used talheetransition piece because of space limitatiand for ease of
assembly. No leakage has been detected (helidndtgaction using a residual gas analyzer) aftarerous installation
and removal cycles with thermal cycles in betwedinis performance has proven the reliability ofstheeals; at less
than $3.00 apiece, the seals are a great value.

The final two components which maintain the coldwmam conditions throughout the shielded interiothaf Dewar are
the thermal straps and the adsorbers. Figureapisoto of two thermal straps connected betweeh Mftank to the

left and the optical bench. The straps are madaeygen-free, high conductivity (OFHC) copper, Wit layers of thin
(0.125 mm) foil making up the flexible portion dfet strap. The straps are used to thermally cortheaptical bench to
the LN2 heat sink while keeping the bench mechdigicsolated from the (varying) LN2 tank load. Aap-around end
clamp design was employed for the ends of the stt@javoid the loss of thermal conductivity to thstal layers of foil

due to oxidation and less-than-perfect contact bebhwthe layers. Operational tests have showntthpssto be highly
efficient, with conductivity approaching the thetical level of a solid copper bar. A few degrefetential temperature
has been measured with the heat load more thanledo
that expected in normal operations; this differntiill ®
drop in direct proportion to the bench heat los

Differential temperatures across the full opticahbh and
cold stand-off have been demonstrated to be nezr
design levels.

Since the Dewar is intended to operate in the c
condition for up to a year at a time, some methéd
continually pumping the in-leaking gas must be pded.
O-ring permeability is the leading source of inlegé; it
was measured at 3.4 x 16tandard cc secoridor ~1 liter
per year. Based in part on recommendations of
Imaging Sciences Laboratory (in Ref.2), NIC-FP$éing
supplied with both charcoal and zeolite adsorpti
pumping. The charcoal is epoxied (using thermalxgp
Lord 3135A/B) in a single layer to a large surfarea
(>400 cnf) of copper plate directly mounted on the L
tank face. The Type 3A/4A bead zeolite is cont@dimea
pair of cylinders that are removable for moistuag&ds-out;
the cylinders are mounted to the beams near thetahi2
Locations of adsorber materials were chosen tceaehine
lowest possible temperatures to improve the adsorp
pumping efficiency. Bead zeolite was chosen over
pellet shape to minimize dust generation

Figure 7. Thermal straps are shown mounted toptieal
bench and the LN2 tank (to the right). OFHC coppas

used for the wrap-around end clamps and the 4@dafe
flexible foil.

3. Remaining Work

3.1 Integration and Testing

The Dewar and support structure have been testédaen acceptable for service. Interior componentsh as the
stepper motor controlled filter wheels and etaloover are currently undergoing component testing @pgear to be
acceptable in their current configurations. Deteand controller testing is continuing with an emgring grade
detector and two alternate controllers (Rockwedl apach). The best performing (especially loweds@ performance)
controller will be delivered with the instrumenOptical testing with the engineering grade chip issveompletion of
detector testing. Characterization of the sciegi@e chip will follow when controller issues aesolved. Etalon
testing has been delayed by needed rework on th&00ontroller. In-band testing of the etalonlwsié performed
after the science grade chip and controller tastaieceptable.



System integration and testing has begun includmgh activities as cable harness building, compofienp, and
software development. Full system testing whictliudes cold functional and optical system perforoeatests is
anticipated to occur in July/August 2004.

3.2 Instrument Commissioning

The first engineering run is scheduled for late Batgor September. Software and system interfadebenchecked and
instrument control via the ARC 3.5 user interfadk lbe demonstrated. First light on the instrumisrplanned for this
first engineering run, though system optimizatisexpected to extend for a minimum of 1-2 monthgtual
commissioning tests and initial science observatame planned for4quarter 2004. A period of about 3 months of
shared-risk operations will follow, allowing ARC rmanunity observers to use the instrument while esrggsues are
resolved. Final turn-over of the instrument to ARIll occur in early 2005.

5. CONCLUSIONS

The near-infrared imaging and full field spectrqgra capabilities of NIC-FPS are soon to be addatié Astrophysics
Research Consortium’s instrument set for the 3.&2nelescope at Apache Point Observatory. Theuiment will
deploy one of the first low-noise Rockwell HawaR@& (1024 x 1024 pixel) detectors for science ojpenat A unique,
high resolution (R~10,000) NIR Fabry-Perot etaloonpises to deliver quality science results. Thgsptal system for
this instrument is nearing completion and appeatsetan optically, mechanically, and thermally Etgddatform.
Although based on proven Dewar technology, thisgteicorporates a number of significant variatiansl innovative
solutions.
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