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ABSTRACT

The Space Telestope Imaging Spectrograph (STIS) was deslgned as a wersatlle specirograph capable of malnialning
or exceeding the spectroscople capahilitles of both the Goddard High Besolution Speciregraph (GHRES) and tle Falm
Object Spectrograph (FOS) over the broad bandpass extending rom the wliraviolet (115 nm) theoegh tle visihle
(1 pm). 3TIS achlewes performamee galns gver the aforementioned first generation Hubble Space Telescope [HAT)
It runeents primarly theoegh the wse of large (1024 = 1024) areal detectors In both tle wlteav okt and visihle egloms
of tle spectrum. Slmltanesus spatial and specteal coverage ls provided throwgh lomg slit or slitless spectroscopy
of extended sources. A substantlal multiplexing advantage ls achleved for uliraviolet echelle speciroscopy. This
paper will review the detecior deslgn and In-flight perlormeance. Attentlon will be [ecussed on the key lssue of 5/N
pedormance. Specira obialned durlng the st few months of operation, lisieate that high signalto-nolse spectra
can be obialmed while explolting STIS's multiplexing advantage. From analysk of a slngle spectrom of GGD153, with
counting statlstlcs of -~ 6%, a 5/ of ~ 1M Is achleved per speciral resolutlon element in the FUY. In the NUY a
gligle specirum of GEW +TDGE24, with counting statlstles of ~ 300, ylelds a 5/N of ~ 150 per spectral resolutlon
elenwent. An even higler 5/N capability B Dustrated through the use of the fixed pattern (FP) aplit glits In the
meedium resolutlon echelle modes where obaervatlons of BD28DA2 yleld a slgnal-to-molse of ~ 250 amnd ~ 350 per
speciral regolutlon element In tlhe FUY and NUY mespectively
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1. INTRODUCTION

The Space Telesoope Imaglng Spectrograph [STIS) Is a second generation Hubble Space Telescope (HST) nstrument
which was deslgned as a versatlle lnaglng specirograph capable of providing spatlally extended wavelengih coverage
from the far uliraviolet (115 nm) to the near-infrared (1 pm).' Spectmograph versatllity, provided by the large com-
plement of slit/grating /detector comblsations, Mnges wpen STIS's two dimemslonal detectons In both the ultraviolet
and tle visible, The large advances provided by 3TIS In comparlson with the frst gemeration HET spectrographs,
ile Goddard High-Resolutlon Specirograph (GHERS) and the Falnt Object Speciregraph [FOS), stem Crom the wse of
v dimeensional imaging detectors. In both the visihle and the wliraviolet, STIS provides slmgltameoms specieal and
gpatlal coverage with long slit or slitless speciroscopy of extended sources. In additlon, a substantlal multiplexing
advantage |8 provided by wing large areal deteciors for echelle spectroseopy In the wliraviolet. STIS echelle modes
ofler -5 tlmes greater slmultameos wavelength coverage than corresponding GHRS modes.

Cowerage of this extenslve handpass s accomplished throegh the e of three detectors. In the far wliraviolet a
1024 = 1024 elenvent Multl Ancde Microchanme] Array [MAMA) detector with a Csl plotocatlode provides coverage
fepmy 115 1T noe. The near uliraviokt detector s also a 24 = 24 MAMA detecior, but with a CaTe photo-
cathode providing coverage bom 115 to 300 nm, where 1653 10nm 1 tle prlmary bandpass for this detector. Both
photon countlng MAMA detectors have 25 = 25 pm plxels with ~4.025 arcaec plxel ™, no read nolse, and visible light
refection. In the visible [(MGnm - Lpm), STIS employs a L1024 = 1024 pel COD providing a 50 aresec eld-of- view
In the spatlal directlon.

In addition io the galns meallsed by sing large areal detectors versus the linear arrays of the st generatlon
Imtruments, STIS also bemeliis rom advances In CCD techmlogy slnee the selectlon of the WEFPC2 detectors. 5TIS
provides higher senslilvity TV Imaging than WFPC2 through the s of a MAMA detector which has higher qwant wm
efliclency [QE), visible light rejection amd mon-existent read noke compared to the WFPC2 COCD which requlres wse
of & Woods filier lor visible lght rejectlon. The throwghput of the combined WFEFPCO2 CCD flier system ls <23 In
the FUV? compared 1o 18% throsghput for the FUV MAMA at the peak of the Woods filter bandpass.

Diesplte tle clear ad vantage ln selecting tle MAMA detectiors for thelr alorementioned performa mee characterktlcs
tlere was some eoncem over thelr long term plxel-to- plel stab@ity. Thle concern was delven ln part by the exoellen
herltage of GHRS for prodecing high slgnal-to-nolse spectea. Now that STIS woeuld be meplacing GHRE as 1le high
resolutlonspecirograph aboard HST, at a miniomm It needed to meet s speclication of aslgnal-io-nolseof L] per
speciral resplutlonelement (2= 2 plxels) to il the vacancy lor high-resoluilon, high signal-io-nolse UV spect roscopy.
It was loped that the detectors would perlorm far better than this. However, the use of the UV MAMASs In 5TIS 1s
ihe first e of this detector technology as a lomg term astronomical Inager aboard a space platform and ome of the
fimt mes of any micrechamnel-plate based UV detectors In a high signal-to-nolse lomgie ro appllcatlon.

Flat field Images were acquired durlng ground-hased callbration of tle Instrument. A lew, non-gptimal, fat feld
Ineages have been acgulred In Might; & more gptimal set 15 scleduled for near term acgulsition Derlng the Servicing
Misslon Orhltal Verlicatlon (SMOV) program Immediately aflter launch, stellar specira were acquived which could he
wsed as a slgnal-to- molse test bed In addition to the prlosaey Dmetlon of the data. Slnce slgmal-to-nolse clharac terlzatlon
Is not the primary purpose of these spectea, slngle spectra do ot have the countlng statlstes requlved to test the
STIS slgnal-ie-nolse capablliiy at levels msch greater than kL. Use of the combleed gomnd amd Qight fat Beld
io callbrate ile FUW data ylelds a slgnal-to-nolse of ~ LMW per spectral resalutlon element [or a single polnt source
spectram of (D153, Uslng the grownd based NUY flat feld, a single polnt spurce spectrum of GEW+TID5SE has a
glgnal-to-molse of ~ 150 per speciral resolution element * When observing In the echelle modes, on-board Doppler
com pensation smooths the detector responsivity. In this case, a 5/N of ~250 in the FUV and ~350 In the NTV*
per speciral resolutlon elenwent have been achlewved by acquiring multiple specira of BO2ADAZ with the ixed paitem
(FP) aplit sliiz which lurther smogth the detecior respomsiviiy by displacing the Individwal specira solely In the
gpeciral directlon. Comeqeently, the STIS MAMA deteciors have been prosen to provide not only high throwghput,
bt alao high slgnal-to-nolse spectra.

Thorowgh reviews of the STIS deslan and In-Alght performance can be found In Woodgate et al' and Kimble et
al®



2. DETECTOR DESIGN

ATIS has made a great ellort 1o avold slngle polnt fallures In lis deslgn amd operation. This philmophy ex tends
io the selectlon and operatlon of s detectors. The CisTe NUY MAMA detecior 1a capable of providing back-
up coverage for the FIUI'V MAMA. The selectlon of a CCD for the visible regquired that the devloe be capable of
providing spectral coverage [rom 180310 nm 1o provide back-up coverage for the NUW MAMA, This mecessitated
boih a development efflort 1o Improve tlee TV semsltlvity and metlculows attenilon 1o ensure that the capablilliy was
malntalned. In fact, tle OCD QE between ~250 - 310 nm 1z higher than that of the Csy Te photocathodse In the
NUW MAMA, thus lor some applications In this spectral regloee the COD will be the detector of cholee. There 1s
no backup detecior for the COD. However, the device deslgn amd operation provides a measure of redundancy and
engures that mo single electronles fallure will result In the loss of the entire CCD field.®

2.1. MAMA Detectors

Selectlon of the MAMA detectors lor STIS Inthe wiraviolet hinged upon several performance advantages. MAMA
deteciors are a ploteemlssive, photon countlng detector. Consequently, there 18 o read nolse assoclated with the
detected slgnal as thers would be for photoeonductive devices such as a OCD. This, epupled with the low hack ground
of these detecton, lnnplles that for an equdvalent QF falnter sources can be observed with the MAMA detectors. In
addition, the photocathodes wed by these detectors are solar blind, At 40600 i the QFE & 1.5 = 10-° and 27 x 104
for tle FUY and NV MAMA detecior respectively. Detectors, such as the CCD, whose peak mespomse ls 1ln the
vigible depend upon flters lor visible lght mjectlon. Typlcally a Woods filier 1s used. Unfortunately these [liers have
a low peak transmisslon amd have mot yetl been proven stable wsder long term opemting comditlons. The oomblnatlon
of low background, high QFE, amd vishle light mejection s celtical for UV astronomy where il sounces, In general,
are falnt amd can be domisated by the visible reglon of thelr spectra.

A furtler advantage of the MAMA detectors 18 that they can operate at amblent temperatures. Unlike the CCD,
ithey do not eguelee cooling for astronomical operations. Cooled detector operations are a serlomws concern In the
uliraviolet due to the adsorption of contaminants which can be photopoly nerlzed by wltraviolst photons resulilng ln
a rapldly decreasing efficlency.

The MAMA detectors provide high spatlal resolution (LG arsec) Images achosas tle entlee 1024 = 124 element
array. The digital readout system provides physically distinct ancde elements lor the Indlvidual pixels of the areay,
geometrically stable Imaging, and a high global dynamic ramge !

The MAMA detector system conskis of a MgFs entrance window which B lndlum sealed to an evacuated body
cpntalning tle plotocathods, a curved MOP [(C-plate), and an anode areay (Flguee 1), Photons enterlpg tle detector
are converted to elecirons at the plotocatlode amd accelerated lnio the 12pm pores of the C-plate. The C-plate
has ~HWEl ¥V across Hs faces 1o delve tle electrons theeegh the plaie. The secomdary emitting properiles of the
pore surfaces produce a charge cloud of T = 107 electrons at the plate exit. The anode array B placed In prosdmity
focs 1o minimlze the dispersion of ile charge clowd. The 5TIS C-plate achlewes a higher Instantameoes local
count rate without alerlng the galn and wltineately the QFE than mult-plate MOCP deslgns such as chevions aml
#etacks. Furthermore, the lower charge extracted In each pulse Increases the iotal number of counts that may he
accommodated In the detector's lletime. Amd tle O shape Inhibits tle migratlon of loms back through the plate
1o the photocathode, A& more complete discisslon of tle STIS MAMA detectors can be fownd in Woodgate et al. !
Timeoihy et al,” and Joseph i al®

While the FUV and NUV MAMA share the sanwe overall design there are a lew design differences, all bt ome of
which are depemlent upon tle compositlon and lence locatlon of the plotocatlode. Tle entrance window of the FITY
MAMA iz illted by 85 degrees 1o prevent chromatlc aberration In the FUY lmaglng nuede. Tle Inslde surlace of the
MgFs window 1s coated with a W% tramsmissive chrome layer to milgate any dielectrlc charging that would cawse
non-unllormity In tle mpeller electrlc Beld. A Beld elecinsde, the repeller, Is provided to [oroe any photoelect roms
produced by the MCP web lno the C-plaie pores. In additlon, the Csl photocathode s deposiied directly on the
MCF. Inm conirast, tlee NUW BMAMA uilllzes a semi-transparent CasTe photocathode. Slnce the compatabllity of this
materlal with the MCP surface has mot been demonstrated in ile laboratory, the photocathode 15 de poslied directly
on the Interlor surface of the NUV MAMA entrance window., The MCF Is In proximity [ocws 1o the photocathode
top minlmize the tramverse trajectory of any photeelecirons. In all other respects, the two designs are ldentical.
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Flgure 1: MAMA Detecior MCP and Anode Array Schematic
2.2. CCD Detectors

For the wavelength reglon from 305 nm to Lpm, the CCD was the obvigs detecior chelee. Contemporary CCDs
e Il bit |"|e'.'|a.1.i'.-r.'|_'.- 1|ng| AL 1A Eﬁi.-l:imh:_'.-: low pead |Il::li'.-h-.: low dark CUrment, g:x:-d 1:1urge tramfer l."!ﬁi.lllil."llh:_'f [{'TE:I:
amnd lawve mhli'.-r.]_'.- few cosmetls defects. The STIH |"|e'.-|'|||i|‘le'.|:|r.|l1. that the CCD he 1:a.|.|a.'|.l'|le'. of fluh:lil::llljllgazi a 1m.-|:k-|||.l
detector for the NUW MAMA from 180 - 310 nm motlated the selection of & thinmed backdde Duminated device.
This reguirement alo mecessliated a development elort by Sclentlfic Imaging Technoksgles (5ITe) to develop a TV
enhamrensent process lor tle STE CCD. The reclpe chosen by 5TIS s ome which achleved, at the tinee of detector
selection, the highest QF while belng least respongive to T Nooding. In a hard vacuem environment mo o sant
efliclency hysteresls s seen. Exposing locallzed reglons of ile STIS CCD to Intense UV Bood In wounm, shows no
detectable change In efficlency 1o better thant 1% preclsion In subsequent fat feld ex posures.®

There ls a tendency lor the TV-enhancement process 1o produce devices with an elevated dark current relative to
thelr non UV-enhasced counterparis. The higher hackground devices have a dark current level of § e~ plxel " howr—*
at the nominal In-light operatlng temperatuee of 3505

Houslmg design (Flgumes 2 and 3) was motlvated by tle STIS requlrement to malntaln the CCD's TV sensltlvily
down to LAY nm. Tse of cold detectors In tle uliraviolet pose an efficlency rlsk dwee 1o the prelerentlal adsorpilon of
contaminants, which are subsequently phot poly medzed by UV photons, onto the cold surface. Deslgn comlderatlons
led WFEFPC2 to employ a oold MgFs field Battemer/ window In front of each of lis OCDs. Operating with a cold
detector window necessltated launching an exiremely clean Instrunent and fgorous monthly decontamisations 1o
pestore amd presecve T throwshput.

.':'ﬂh'.l‘lla.li'.-e']_'.-: STIS clhose 1o aperale with a cold CCD In an evacwated metal and ceramic sealed ]Il::lll:iillg nikad -
talmed a1 amblent temperature. Ths declslon requieed metleulous cleaning and baking of the sealed compomenis 1o



ensure that owtgassing would not degrade the vacuum over tlme, with contaminanis preferentlally adsorblng onio the
ocold CCD. Four Zr-V-Fe getters were employed to provide long term pumplng agalnst resldual owigassing prodiucis.
The only mechankal couplisg between tle CCD and the amblent environment 18 vla the fine slgnal and oontol
wires® (Flgure 2).

Suweeptibllity of the CCD to radlation damage In Might, prlmadly (rom trapped high emergy plotons In the
South Atlantle Anomaly (SAA) which degrade the CTE and dark cument performance,*” motiated the following
deslgn features. The CCD housing s comstrucied fmom 1 cm thick molybdenim to shield agalnst these high emergy
proions, Inverted MPF operatlon of the CCD s employed 1o reduce the sensiiviiy of the CUD to lonkatlon damage
by minimizing the surface state contribuilon o dark current. Minlchannel Implans were Implemenied to redece the
e posure 1o radlation ledeced traps In the crystal latilee by confinlng low signal level charge packets to a plysicallly
snealler “notched” potentlal well In additlon, COD clock woliages can be re-optimlzed as damage accumplates. The
gpectrum ¢an be redirecied on the CUD formeat to minimlze the number of paralle] transfers and this minimlze the
Imypact of CTE degradatalon Awd, fowr amplifer readout can be employed to minlmize pleel translers aml lence
minimizge the Impact of CTE degradation *

Sinee there Is no back-up detector lor the COD, the COD blases, clocks, amd out puts were carelully segregated so
that mo single polnt fallure would result In the loss of mome than on hal of tle detector. In tle spectroacople mode,
full wavelength coverage |s preserved [or any such fallure; hall of the spatial coverage can be lost.

Flgure 2: The STIS CCD Detector and Baseplate Mounting Configuraton

&
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Flgure 3: CCD Houslng Comstrsct lon

3. IN-FLIGHT PERFORMANCE
3.1. CCD

The UV enhanced CCD QFE [Flgure 4) 15 stable, and does not show QF hysterssis. Figure 4 ako Dustrates low
ench of tle longer wavelengih detectors are capahle of providing redundancy for tle nexi shorter wavelength hand.
Redundaney lor tlee OCD Haell B provided by deslgn and operations conslderatlons. The COD s equlp ped with fowr
output amplifers, each of which was tested and functloned normally ln initlal on-orbit testing. Olseratlons slnce
that Initial perormance verlficatlon have been conducted with the lowest nolse amplifer ecclusieely, The STIS Hght
software supports fulkrans, onchip binned or subarray readout with any of the four amplifiers as well as two amd
four amplifier readout modes®

Four commandable galm seitings are avallable for the OCD. The two recommended galn setilngs are galn = 1 for
falnt sourees where low read nolse performance 18 crltical, and galn=4A to willlze the [ull dy mamde range of the CCD,
The In-Might molse performance and dynamle ramge 15 tabulated In Table 1. The In-light values measured lor the
galn are comslatent with the more preclse valwes measured durlng ground callbratlon and alsg presented In Table 1.

At the nominal in-Might operating temperature of -A37C, the median dark corrent 1s only ~0EN 5 "plxel s~ or
Sfh e~ plxel ~thowr—t. The dark current contributlon to the nolse 1s much less than the read noke except lor lengthy
binmed exposunes where the contribution from the dark cument can be comparable o the read nolse 5

However, for lengihy exposures the cosmic ray rate of 30-40 plxels s~ [at a level greater than 3e~)* becomes
formidable. In practce, cosmic rays are removed by speciiylng CR-SFLIT exposures 1o obtaln maltiple Images Trom
which coamlc rays can be vetoed.

Az expected, emergetic particle lmpacis on the CCD prod sce “hiot plxels™ with enhanced dark current. A [motlon
of these plxels return 1o thelr mominal state by warming the CCD. By turning off the thermoeleciele cooler, the
CCD reacles a temperature of -57C. Anmeallng at this temperature or 12 hours 18 scheduled [or each montl.
Anmealing oycles to date show that the met growih rate of hot plxek (=026~ sec™") iz down 1o about 275 of
ihe Imtantanecus growth rate. From the WFPC2 experlence, thls perlormance 1 expected to Inmprove as the leot
plkel count asym piotlcally ap proaches a steady state. When normsallzed lor area, tinee dnce launch, and operatlng



Tahble 1. CCD Nolse/Dynamic Range.

Single Franes
Nominal GGaln  Measured (zaln MNoke [rms) Limear Range Dymamlc Range =
e /DN e/DN In-flight data At 1% Rollol Limear Bange/Noke
1 0 945 ADDN =40 e 33, (W) e 825
2 201 2TDN =5d e B, (W) e JLIRLLL
4 4.11 LTDN =Tdie L4 W e ), e
] 8.358 L3IDN =108 L4 Wl 13, 2l

temperature, the STIS and WFPC2 ot plxel rates are comparable. Howewver, the Impact of cosmic rays on sclemce
data Is greater [or 3TIS becavse of the larger plxel ske and warmer operating temperature of the 3TIS CCD. In
prctlee, CCD dark [eanws are taken (requently to fag ot plxels or the benelit of target acquisition and sclence
exposires. Ditlering tlhe polnting between obseratlons to permit hot plxel vetolng 15 the moest eflective means of
rediscing the Impact of ot plxels on sclence data.

CTE measuremenis were conducted at the compoment lewel uslng x-ray technlgees. Using this method, 8 CTE
of (L0000 at L6ke— was measured In the parallel directlon. The serlal CTE is higher., The CTE measured durling
tle ground-hased end-to-end callbration of 5T was computed sing both edge repomse and sparse feld technlgues.
The sparse feld 1w ination 1 slmilar o the MNuminatlon that would be encountered from & polnt souree spectEgm
af & dilwte star feld. Ground callbratlons uslng this metlod lmplied & charge loss up to 11U [rom the top of the
CCD column to the bottom, for slgnal levels of 5006~ pleel ™ operating at the gain=1 voltage settings. For higher
glgnals or the galn=4 voltages, the derlved charge loss across the detector 18 lower.'' Edge response technlyues for
measuring the CTE In Dight show no slgnificant change® from the ground measurement of 0999991 at He and
(. 0000G at 1e™. A more representative sparse Beld NMumisation test of the CTE will soon be I plemented In-Mght.
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Flgure 4: STIS Dectector Quantum Eficlency

Instanmtanoes detecior blas levelk are determined by fiilng both the OCD serlal and parallel overscan reglons.
The parallel fit 15 offset 10 match the serlal value at each row. The oflset parallel fit 1s tlhen subiracted row by mow. A
sealed superblas 1s also constricied and subtracied [rom the data, Alihowgh tle mean value of the blas wlue varles
over roughly DN at a galn of 1 and 3 DN at & galn of 4 due to Becteations In the temperature of tle CCD and



Table 2. Key MAMA Perlormance Parameters
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ihe processing elecironics, the shape of the bias frames 1s constant to within <0.2 DN.5 Consequently, fits 1o the
overscan reglons are ellective ln rennoving the detector blas level.

While the 5ITe UV enhanced, backslde Huminated, CCD exhiblis Increased QF In tle wliraviolet, an unpleasan
feature of tle device at lomg wavelengils was discovered late In the ground callbratlon. There B a slgnificant
degradation of the QCD polnt spread functlon (PSF) at wavelengils longer than ~TH nm.tt While the PSF core
remalns sharp there 12 a slgnificant halo observed In the reglme where slicon becomes more iransparent. Thle halo
resilia from the fraction of Incldent light that reaches and then scatters within the tramlucent sulstirate materlal
In the backside Muminated device. The haloe diameter lncreases with Increasing wavelengtly owever the [metlon
of lkght In each halo plxel 15 smeall, this the slit extraction belght s mot Inceeased 10 acconwsdate the CCD PSF at
lomger wavelengths., To do so would compromise the spectral purlty of the extmeted specirum for a small Increase
In slgnal.

From ground callbration the CCD plxel-io- plxel stability s better than (1% rms gwer several lours, Perlormance
was meeasured at moltiple waveleng ths spannndng the COD lormat, In-Might, broad-hand, fat-feld exposures spann]ng
a month ndicate that tle fat Geld stability 8 <025 rmse. At longer wavelengils, where the sllicon beoomes
Inereasingly transparent, Interference bet ween tle Incldent light and light reflecied by tle suleirate ¢creates a [Anglng
pattern which must be removed. At wavelengihs longwand of ~TH nm ingleg 15 an lssue. The peak-to-peak
amplitsde measured at 980 nm 18 25% In mode GOETHOL. In mode GTHIM, where the higher dispersion creates
a more momschromatle beam which exacerbates the Floglng, the peak-to-peak [Fnge amplitude 18 32755, Duee to
gratlmg non-repeatability, typleally 2 pluels, and thermal deifts'® the fringe pattern 18 not stable In time and requires
ihe acquiitlon of contemporanesus flats. These flats can be acquired wsing tle on-board tungsten lamp durlng
target ooculiation. By appmoprlately strocturing tle olsering propesal, contemporameos [Flege lats can ussally
be acguired with no tlne penalty 1o tle observer.

The spatlal extent of tle source along the sli 18 alse an 1ssue In [Flege removal. For extended sources, but mot
polnt soumes, the CCD PHF halo creates a smpoth pedesial beneath ile frlnge modulation. Thues, polmt source
and extended souree specira have different flat feld acguisitlon requirementis. To date [Anges have been removed to
better than 19 to ~95) nn lor 8 WD spectrom sing a shor slit lat and for the extended source, Lo, wsling o long sli
fat.'* At longer wavelengihs, STIS vislhle Imaging & acquired with the broad band long pass filter. Consequently
felmglng slwsld not be an Baue unless tle source B a long wavelength, monochromatle, emlsdon e source,

3.2. MAMA

Key perlormance paranseters [or the STIS wltraviolet Imaglieg MAMA detectors are presented 1o Tahle 2 [*note:
ihe pixels referred to ln tle table are low Pesolution plxels). With the excepilon of tle dark rate, tle parameters
tabulated are [rom growmd measuremsenis, n Alght perlormance lor the detecior only PSF amd quant um efficlencey
cannot be measured direcily. However, end-to-end system perormance™ 4 ndicates that the deteciors are operating
nonally.



The close agreemsent between the dark rate measured on the grownd and the In-fight dark rate of the FUV
MAMA confirms the sucoesdul rejection of Cherenkov evenis produced In the detector window. Cherenkov photons,
pivdisced by a particle transit through the detector window, are electively slmultameos and lence pejected by the
MAMA event propessing logle. This radiation was the domlsant background fro the st genereation HST Digleon
detectors em ployed by GHRS and FOBS.

While the FUV MAMA backgrowmd 15 a poaltlve achlevermsent at 510 tlmes lower than specification, the NIV
MAMA backgroumnd B a disappolntmeent and an order of magniiude higher than specification. Ground tesis were
condected on the MAMA detecior windows 1o examine them for Impuritles In the windows which could be exclied
ip metastable states by energetle particles. Phosphorescent de-excliiation of these states proceces TV photons 1t
wolld then be detected by the MAMA photocathode. Tnlortunately, an error In early testing passed the boule
from which the NUV MAMA window was [abrleated. Ower a iypleal Bk single exposure, the resultlng dark oownt
glgnal In a standard 2 = 11 plxel speciral extractlon slit & 3T0 counts. Tse of & smaller extraction slit can lrther
redpce the dark level. The lmpact of the elevated dark rate ls most sevem lor long programs or those with very low
glgnal-to-molse, especially those which require binning of the data.®

Cilven the llmited herliage, especlally over large temporal baselines, of the MAMA detectors amd the exoellent
stability of the GHRS Diglcon detector, there has been comcern over 1le signal-to- molse achlevahle using tle MAMA
detectors In-flight measurements, wslng limlted data from orbital verlfication programs, Indlcates that a signal-to-
noBe of ~ 13 per spectral resoluton element can be achleved [mom a slngle polnt spurce observatlon with the FUY
MAMA and ~150 per spectral resolution element for the NUV MAMA .Y When oleerving In the echelle modes,
on-hoard Doppler com pensation smogths the detector responsivity. In this case, a 5/N of ~25) In the FUI'V and
~350 In the NUV* per spectiral respluilon element have been achleved by acquiring multlple specira with the fixed
pattern [FP) aplit gliis which furtler snsooil tle detector responslivity by displacieg the Individwal spectra soplely In
tle specteal direction These Importan results are discussed more fully In tle followlng sectlons.

It shwruld also be moted that operations of STIS have been Impacted by the radiation environment ln space.
T minlmize electronle nolse STIS employs optical-lsolators between tle STIS control sectlon miroprocesor aml
MAMA and CCD conirgl elecironics. Unforunately, the detector reset clrculiey las been [ound 1o mespond 1o
tramlent splkes on the outputs of tle optical-lsolator componenis by partlally reseitlng the detectors. In the CCD
subsystem the partial resets are relatively Infrequent, mughly one per month of contlneos operation, aml are benlgn

Consegquently, by configuring the OCD woliages at each S4A exii or belpre CCD observatlon blocks, the chances of
lgsing data [rema COD mset are megligible. In the MAMA sulsysiem resets can be more fregquent. and mope comple.

To alleviate stresses and rlsk In tle MAMA subsystem, the MAMA low voltage I8 ¢ycled off for each SAA passage.
Mlerwize the MAMA low woltage ls on to malntaln thermal stability. ' The MAMA high voltage & ramped up
and down once per day [or the contiguoms block of non-5 445 -crossing orbits, I 1le MAMA I scheduled lor wse tlat
day. This lowers the avallable duty cycles for MAMA olservatlons to about 405 of HST orblis. After approsmately
8 nwonils of operation with MAMA operation forbidden wihin a defined set of SAA contours, the contours were
relaxed slightly. Operatlon with the relaxed contour set 18 currently belng evaluated. A more complete discusslon of
ihe opto-lsolators impact on STIS operations can be found In Kimble et al.®

4. ULTRAVIOLET FLAT FIELD CONSTRUCTION AND EVALUATION

From the SMOV program executed durlng tle Gt slx months after tle Installation of 5TIS In HST, a hamwd{ia
of data sets emerged which were capable of, or had been deslgned 1o test the slgnal-ip-molse capabllity of 3TIS In
ile ulimviplei. These data seis place a lower llmit on the UV dgnal-ie-nolse capability of STIS. The existing data
sets are consiralmed by the countlng statisties In the stellar spectrum for both tle low resolutlon and echelle nnodes;
tle co-added low resolutlon FUV specira of GEWHTIDE may be limited by the compoesiilon of the FIUV flat feld
at a dgnal-to-nolse of = 180 per spectral resolutlon element.

Concern regarding the capabllity of 5TIS to acquiee high slgnalto-nolse spectra was motlvated by the lack of
herliage [or tle BMAMA detectors In high slgnal-to- melse astromomlcal applications, the seeoss of 3TIS's predecessor
[(GHRS) In obialnimg high slgnal-to-molse spectra, and the difficulty In obtalnimg large area UV fat Gelds. Fuar-
thermore, the large mumber of 5T optlcal modes amd the llmited Ietinee of tle on-board UV comtingem lamps
necessltated the acquisition of Bats at a llmited member of central wavelengihs spanning the speciral lormat. These
flats would then be applied to both high and low resoluthon npdes,



CGlven the llmied herltage of the MAMA deteciors prior to the ground-based sclence callbmitlon of 5TIS, the
wavelengih dependence of tle at felds was unknown, The different STIS optical modes Numinate the approprlate
MAMA detector over a range of angles. Angle of Incldence effects, resulting from locating the FUV photocatlhode
directly on the MCP far [rom the detector window and Its metallle layer [wlose tramsmBalon may mot be perfectly
uwndlorm) were also unkmewn - and & concern.

Contemporaneous analysls of the NUY flat elds acquired with both Internal and external lansps duriog geowmsd-
based sclence callbratlon verlfied that the N1 flat fields were melther wavelengih nor meede dependent. Tn addilon,
deep exposures with tle Internal devterlum lamp at a slngle central wavelengih [APGS9) confirmed 1lat the flat Geld
was stable [at a 5/N of 1] per plxel) gver a 21 day basellne, The MUV lat feld currenily In the plpeline conskis
splely of this ground-based data set. [t 12 this Mat was sed 1o evaluate the 5 /N of tle posi-lawnch NUV specira.

[IFS— Y T—rE—_T

Flgure 5 Combined NUV Flat Fleld

Analysls of the FUY flats Indicates they are also wavelengih Independent. As a result, thls discussion of the
FUW flat field will locus on the potentlal optical mode dependence of ile fat eld which deove the FUY fat Beld
acquisition program. Indtlal fais acguived with the external lamps In the mediom reselution modes slowed mode
dependencies ilat were probably due, In part, to the poor spatlal Meminatlenol the detector with the long slit flais.
This motivated a change In the aecquisition strategy for the FUV flat fields. It was stll] meoessary 1o acguliee the
flats wslng extermal sources, I possible, dise to the llmited lfetime of the Internal keypton lamp. Lamp 1fetime 1
limlied by the rate of photopolymerization of contaminantis onto the lamp windew, a process which ls accelerated
at shorter wavelengths., Comequently the grouml-based FUV fats were acquired In the eclelle modes wlere the
demsand [or high signal-to-nolse speciroscopy would be greatest. The Inier-order separations were luminated by
tllting the cms-dispersion grating by a sneall amount correspomding to 0.5 on the detector. Tlhe goound-based
FUY flat was comstrucied [rom echelle spectra uslng external argon, keypion, and xenon lamps o span the spectral
formeat. These echelle Hats were comblned with an Inltlal set of lomg-glit ist-order low resolutlon post-launch flais.
The pest-launch lats were acquired at non-optimal grating settings but were capable of lTmproving the count statlstics
in the remalning small Inter-grder gaps In the eclelle fats The comstructlon of the Bats s descrlbed more fully 1n
Bohlin et al,'* and Kalzer et al**

Botl the NV and FIUW lat flelds were evaluated wslng an lmage ratlo test. For tle NUV Hat feld, lnages wers
copmblned at a glven wavelength. Each flat at a glven wavelength was evaluated In comparison with the extreme
wavelength 29774 lat with the best statktles. The msults are presented In Table 3 where the entrles are the one
slgnea values lor ratlos of Images.

The first set of data presenied ls for a 512 = 512 flat feld Image. ThiE Image has been binmeed 1o oonslst of 2 =2
pleel resolution elenwnts, The 24 = 1024 Image 15 for the nominal low resoluilon plxel format, The 2048 = 348

1



Table 3. Statlstics for the Ratlo of NUV Flat Flelds to the 207TA Flat

1T 1933 TH LG LG 1 85 85 M5 85 T
Tt S0 SSILE ESHNEE &Oe SIS LIFITNM &/31E B &/00 9018ME 90100
F FLATS |51%Ex51%]
Posma | %] 13 135 133 005 153 i .06 i85 1 i35 30T
Actm wgma %] 134 1.41 133 2 150 20 107 184 20T 133 08
Rusd. wpma |%) OLFn 037 L0 L0 uE 0L3E o1 L0 (L0 odE (L0
F FLATS |L034xLid4]
Podsma | %] 245 27T AT A0 95 196 210 179 d1E T d.1d
Actm agama (5] AT AN T &T AixE & Aol 1T 111 417 T3 413
Rasd apema |H] O oA oL L ol 058 034 03 L LA O i
F FLATS HmaﬂmM
Pomma |5 451 553 533 alE 5E THE 419 855 A5 500 AT
Actml Egma (%] 5T 84T 815 a0 &A% 1E1E a7 T X5 AT 110 955
Rubd. wgma |%) 295 134 106 188 T4z T Tdd 304 4TH Bl 475

Image s In the high resolution format whereby the processing electronle centrlod event posiilons to hall 1le spaclng
of the amde array providing improved sampling and higher resolution®” at the expense of greater flat field variations
as ls Indicated In tle table.

The first row [or each of tle three Image skes 18 the expected slgma [rom opunting statktles, the second row
s the actual scatter In tle ratlo Images, amd the thisd row measures the actual difersnce between tle two ratlosed
Images. In oiler words, the third row of each st rellecis the actual scatter with the Polsson uncertalnty removed 1n
quadrature. The resulis are comlstent with o wavelengih dependence and litile MAMA contrlbution 1o ile scatier
per ow-res pliel or per psolutlon element. There 15 a resldual seatier of a few pement In the high-ms ratlos, which
denwnstrates the mearly complete removal of the lange 6% plxel-io-plxel varlation of the high-res fais. Since the
tabulated Polsson statlsties willlse ile average counts, the Pobson entrles for the high-res case are underestimates
of slgma because of the large clange In sensitivity between adjacent plxels dee 10 the odd-even effect In tle MAMA
electronics. The correspomding high-res resldsals are oversstinsates.

[IFSe— Y T-—r—_T

Figure fi: Combleed FUV Flai Fleld

Flat field Muminatlon with the external desierlum lamp dees not completely Gl ile sli at the shoriest wave-
lengihe of 176894 and 19334, Consequently, these Images were only used for completeness In testing the wavelength
Independence of the Aat feld. The NV superflat 15 the combination of tle data at the GEUM ceniral wavelengils
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Table 4. Statktlcs for the Ratlo of the FUW GL40L Flat Fleld 1o the Flats rom Other Modes
Cl40M  Eld0M  ELd0H

F FLATS |5L2x513)

Poasus |5 | i8i 1L OTE
Actual Epen (%] 0 17 137
Tuad. aigam (%] 1 [ v 115
F FLATS | Lozl

Poaswa % | 15 30 1.4%
Actmal dpan (%] Ao 118 AT
Fusd. aigen (%] T 337 ig8
F FLATS |3azdida]

Poasus %] T 518 183
Actual dpen (%] 1133 1185 0T
Rasd. aigen (%] AT 1045 a1

of 2176, 2419, 2658, amd 20774 amd 1s shown In Flgure 5. Note, tle upper amd lower leli-hand cormers of the Image
are masked slightly by a haflle at tle window of tle NUY MAMA. The Polsson statlstle of (0LHRS per resolutlon
elenwent {or tle superlat correspond 10 a 5/N =333 In reglons withouwt fduclal or slit delect masks.

For the FUV flat, lmages at each central wavelengih lor a specific optlcal mode were combined and evaluated,
through an lmage ratlo test, with the other lats In the same mode. No wavelengih dependence was observed. Tleen
tlese superflats lor ench nwule were evaluated with respect o the mode GGLA0L superfat wslng an Inage ratls test
analpgous 1o tle MUV evaluatlon. The results are tabulated in Tahle 4. From the thivd row lor each of the three
Image slees, we note that the reslduak do mot difer dramatically beiween opileal modes. Caleulating the reslduak
for an extracted spectieal resoluilon element (2 = 11 plxels) ylelds resldwals of 00375, 09255, amd (L8 [or the ratlo
of the G140L Aat 1o the G140M, E140M, amd EL4QOH flat fields, respectively. There 15 some reskdual scatter which
meay 1lmit tle achlevable slgnalkto-noke lor some high slgnal-to-melse, low resolutlon, programs which do ot e ploy
additionral technlgees such as dithering or FP aplit slits 1o furtler reduce the high frequency Jat eld varlatlons. I
should alsg be noted that for tlhe echelle flats the Image ratlo ls testing the pre-lawmch to post-launch reskdual as
well, Tle comblmed FUW superflat has a Polsson derlved 5/ = ME per resolutlon element for the central colunms
of the detector mot subject to masks or amsall resldual Inter-order gaps. At the detector edges the 5 /N decreases 1o
2150 per resoluilon element.

From & viswal Inspection of the fat feld Images 1t ls apparent that there 15 a resldual effect In removing an overall
mpdre pattern from the FUV flat field. The amplitude of ihe resldeal molre patiern 18 = % peak-lto-peak. The
pattern & visible In both the NUY (Figure 5) and FUY [Flgure 6) Qats, but It 1s more pronsusced In the FUIY lat
field. A more complete discussion of the FUV flat field evaluation can be found In Kalser et al.?

5. SIGNAL-TO-NOISE

The slgmal-1o-molse was evaluated lor theee separate cases, a single spectrum of a polnt source, multiple spectea of
a polnt source, and spectra acguired sing a fiked patiern (FP) split slit whereby spectra are acquiced at ilse same
spatial location but are shified specirally on the detecior It Is Important 1o distimgulsh between tlese cases doe 1o
ihe additlomal smoothing provided by coaddition of mon-colncldent spectra.

In practice, the IDT callbratlon plpeline employs a speciral extraction helght of 11 plxels In the spatlal directlon
and the speciral resplution B mominally two pleels. Therelore the 5/ quoted lor & polnt source, a5 defined In this
paper, s per gpectral resplution elenwent (11 = 2 plxels) unless noted otherwlse. This extractlon helght encompasses
G - B of tle energy, depending upon the optical mode and wavelengih. However, the slgnal- to- molse speciication
18 per resolitlom element, lmplylnga 2= 2 low-resolutlon element. The relative transmisslon of these spatial extesction
helghts In the FUV are ~45% at 14234 for mede GLIUOL and ~56% at 136TA for EL4OM. In the NUV the relative
extractlon helght throughputs are ~60% at 23714 for G230L and ~69% at 26164 for E230M.
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Table 5 NUV Slgnal-to-Nolse Capabllitles for a GEWL Polni Sowrce Specirem
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Figure T: NUV Flat Fielded 5pectrwm of GRW-+TODS8

Far il case of asingle polnt source spectrum, spectira of GEW+TIDSE In mode G2IL (Figure 7) and G153
In nwede G140L were flat Gelded 1o determine the reallzable 5/N. Inltlally tle daia ls background subiracted, tlen
exiracted, amd binmed In the speciral directlon. The 1-D spectrum 1z then partitlomed Into segments composed of 20
bins each which are fit with a three-mode spline. A three-mmle apline was 1sed becawse i provided a good fit to the
data witlouwt belmg too sendilve 1o amall scale Hecteatlons In the data, Conslstent resulis were obialmed with s
perlormed using 1530 bins per segment. Twenty bin segmens were i, In gemeral, becamse they provide emough bins
for & robust fit while minimizing the npmber of segmenis lmpacted by spectml leatures. Each segneent B divided
by Its fit; the meean and standard deviation are caleulated and ratloed to determine the 5 /N for each segment. The
average of the 5 /N over the spectral segneenis contalmed within the specified speciral range 1z tabulated in Tahle
5 for the NV amd Tahle & for the FUV. For the NUV MAMA, ile GEW +T0D5E specirum has a peak potentlal
/N, correspomding 1o pure countlng statlsties, of ~26) per spectral reoluton eement. The reallzed 5 /N s ~ 105
withou! the application of a flat field and ~ 15 alter application of the NTW flat feld. For the FIU'WV MAMA, the
(D153 spectrum has a peak potentlal 3 /N, corresponding to pure counting statlstics, of ~ 165 per spectral resolutlon
elenwent. The reallzed 5/N s ~85F wilhou! the application of a Mat fidd amd ~ 13 alter application of the FUY lat
fiald.

Ty Trtheer test tle 3/ Dmit in the FUV, slx GL40L spectea of GEW+TIDSE [Flgure 8) were coadded. Mo shifis
were applled to allgn the specira. Over the reglon extending from 137-15024 the 8/N of the compoesite spectrum ls
L0, with 5/ N -0 [eom pure countlng statlstles. It should be cautlomed however that tlese specira are nelther
gpatlally mor spectrally colncldent, exhibiting an offset of ~1{ plxels specirally and ~4 pheels spatially, Comsegquently
a slngle spectrum of comparahle count statlstics may yleld a sllightly lower 5 /N, These results are also presented In
Table §. For the FUV spectral range extending from 15024 through 165TA, In both GD153 and GREW +T0D58, the
opunting statlstles are poorer this Dmitng the slgral-1o- molse,
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Table 6. FUV Slgnal-to-MNolse Capabilitles lor a GL40L Polni Sowrce Spectrum

Spactal a/H
Star [ ETe Exjposmme Fhat Sriec tral |1C it gy 'R
| B hag| Tomnw Cizain i 3o R.I.T.l SHatarimn|
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Furtler lnspectlon of the resulis Imdlcates that at 5/N = L8 the compositlon of the fat may become Imporant.
To achleve a 5/M In excess of this, i may be required to uwse a lat composed solely from the same nwsle as the
observatlons 1o ellmlinate resldual angle of Incldence effects In the @at. O, specira acquived using the FP split slis
may be required. It 15 alse pessible that the pre-lapnch daia [EL4OM and EL4OH) does ot Batten the obeervatlons
as well as the post-launch flats. A program to acgulre FUY and MUV fats wslng the nternal TV callbratlon lamps
at opilmal grating fwavelengih /st comblrations 1s sched uled for execution within the nexi several weeks.

Because it was not kmown wheiler the ground flats would be wlld pest-launch, and acquisition of pest-launch
flats would pequire a slgnificant Inwvestnwent of tinee with the waluable limited callbration lamp resource, a proposal
was executed 10 acquire a data set which could be Reratbvely solved lor both tle stellar spectrum and the flat Beld
slmulanesusly. Comseqeently, exposures were kept short 1o mindmize the Impact of Doppler compensation on each
Indlvidual spectrum. With thls technlgue, exposures are execuied uslng a speclal set of five, FP split, apertures
which olfaet 1he spectrum by Incommensurate amounts n a purely spectral direction on the detector. This data set
was analyzed wsing boil the lterative technlgee amd by employing the grownd-based fais. The resulis obtalned foom
each of itlese methods are comlsient In both the NUV amd FUY.

Mulilple specira of BDZADY21] were acquired In the medium msclutlon echelle modes, EL40M amd E2UM,
io test the slgnal-ig-nolse capahilities of il 3TIS MAMA detectors. These data sets were subject 1o two lorms
of smoothing. The it lorm of smoothing arlses from the on-board Doppler compensatlon. In these nwsles the
meax lmem on-board Doppler compensation I £3.2 high-res pleels. For the observations of BD2ADM2 the msax o
Digppler compensation was £3 high-res pixels. Comseguently the detector respomsitivity 1s ameeothed by £3 high-res
plkels durlng the Integmtlon. The secomd form of smoothlng arkbes fmom tle deslgn of the FP aplit slita. These five
glits are offset solely In the spectiral direction. Thereflore tle detector respomsiviiy 1s smootled when tle specira are
shifted, by Imtegral plxels, lor coaddition. For thk test, only Integral plxel shifis were permitted so that Interpolation
ellects would not Improve tle slgnalio-noke,
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Flgure & FUY Flat Flelded Combined Spectra of GEW +TD5E

Faor the stamlard amalysls each specirum was st backgrowmd subiracted. Next, the flat feld was sowootled
by the same amount as the on-board Dopppler compensation for that Image. Then tle doppler soweotlhed Jat was
applied 1o the stellar spectrune. As with the first order meedes, an 1] plxel extractlon helght was wsed 1o extract
ile specira. The specira were then binned by 2 In the speciral directlon. Each spectral onder was partitoned Into
segmvenis oom prised of 3 bins each. Each segment was then divided by a three-node spline-fit 10 the data, Glven the
high resglutlon of tle data 1t was sometlmes difficwlt 1o dBtinguish hetween weak absorpilon features and warlatlons
I the contlnuem that could be Instrumental In odgin. Comsequently, tle speciral reglons dentified lor assessing the
5/N represent the highest 5/N reglons of the specira. They are potentlally blased toward high 5/M, whereas In the
fimt order muodes the 5/N guoted rellects an average 5 /N about tle peak of the counting statistics.
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Flgure %: NUW Flat Flelded Echelle Spectra of BD2AD4211

The 5/N achleved wing echelle [Doppler compensated) specira with the FP splii slits and the plpeline fais,
1s 2500 In the FUV and 350 In the NUV. Recall, this resuli ls blased agalnst fat feld systematle errors mesembling
weak absprpilon features. In the FUY tlere ae npmerpus stellar features at this resolving power, thereflore the
glgmal-to-nolse quoted reflects an avermge caleulated for multiple regloms of leatureless contimmm In several orders



It should be moted that withouwt wsing any flat at all, 1le sanee specical reglons yleld & 5/N of 300 In tle FUV and
2 I the WUTW. The countlng statlsiles for tlese reglons are 285 In the FUV and 385 In the NIV,

Flgures 9 amd 1 Musirate tle quality of specira obialned wsing the FP spli &lis. Both Ggures represent a
gligle order with high countling statistics. The NUY spectrum (Flgure 9) 1s dewold of speciral features, wleneas the
Flgure L has nunseroes speciral leatures as do e other speciral orders for BD2AD4211 In the FUY. The average
slgmal-to-nolse for the reglons designated on the plots Is 0 In the NUV and 280 in the FUY.
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Figure 1k FUY Flat Flelded Echelle Spectra of BD28D4211

The FP aplit slit oserations of BO2ADAZ were alsp analyzed wslng an lterative technlguee which permits solving
ile data lor hoth tle target spectrum aml the Jat Geld response of the nstrunvent. A nalysls of the STIS data with
the lterative method"® Indicates that a8 /N of =250 per low resolutlon plxel and =350 per spectral resolutlon element
can be achelved In modes EL4AOM and EZWM by employing this technlgee. This Is consklent with the resulis uslng
ile plpeline fat and the shift-and-add method lor combining the lats In the NUV.

Clven the comlstency of the msulis when meducing the FP split slit data by the alorementloned teclhnkyees, It
Iz adwaniageous to employ e plpeline flat rather than solve teratively for the fat from the stellar specirum. The
advantage lles in the duty cycle for acguiring the spectea. The Heratlve neethod relles wpon the Individueal spectra
belng unadulterated by Doppler compensation. This requires relatively short exposures for targets with declinatlons
M of the declination of the HST. For ile high resolutlon echelle modes ilese exposures become prohibiilvely
glort, with the grbital vislblity perlod dominated by detecior eadowis, There I3 no Doppler snwoihing constraln
Imyposed when uslng the plpeline fat. Consequently, tle tlme requited 1o achleve the requived countlng statlsiles 1s
less,

Sinvulations of the high resolution echelle nesdes E140H and EXZMH Iedicate that tle Doppler compensation, up
io 12 highreaoluilon plxels, effectlively smooths the detector respondv ity sufliclently 1o achelve a signal-to-nolse per
resolutlon element of 330 In the NTY and 140 (wihowt a lat) In the FUY assuming a typleal Dompler amplitsde
of £8 high-resplution plels. Glven that the alorementlomed FUY specira of BO2ADA2 reallzed a 5 MNe~2000 withoul
a flat, wing the FP slit slits sleould lertler Increase the 5/N perlormance over tle slmulated projected 5 /N wlues
which only Include smoothing the detecior responsivity through Doppler compensation.

6. CONCLUSION

ATIS B a versatlle Imaglng spectrograph capable of providing spatially extended wavelength coverage [rom the far
uhraviplet (115 nm) o the near-Infrared [1 pm). Spectrograph wersatlliy, provided by ile large complement of
glit fgrating /detector comblnations, relles upon S3TIS's two dimenslonal detectors In both the wliraviokt amd the
visible. Inthe year slnee lawnch, 3TIS has performeed well Tis TV MAMA deieciors have been stable. No detector
hased sensitivity losses have been gbserved. Both long slit low resolutlon first order speciea and neediom resolutlon
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echelle specira Tlusimie tlat STIS ls capable of achleving a slgnal-to-nolse well exeeeding 1: 1 per speciral resolutlon
element In the MUV and FIUV. A single polot souree low resolutlonspectrum of GRWHTIDSR In tle MUV as 8 5/N
of ~ 150 per specteal resolutlon element. In the FUV, aslngle polot source spectrum of (D153 has a 5 /N of ~ 130
per specteal resolutlon element. The realleed 5 /N 1 probably lmited by countleg statlstles n the stellar spectenm
for both observatlons. Co-adding spectra in the FUY achlewves a 5/MN ~180 which ls probably limited by elther the
aptlcal mesde content or pre 1o post-launch shifts In the fat. Even higher 5 /N capabllities have been demonsteated
through the me of the FP split slits In tle Doppler compensated, medium resalution echelle nwsdes wlere co-added
BD2ADY2 specira exhiblt a 5/N of ~25) In the FUY and ~350 In the WUV per spectral pesolution elensent.
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