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ABSTRACT

This report summarizes the performance of the dozenfilters procured for and
installed in, the WFC3 UVIShannel. The intent is to document the adtiproperties of
thesenew filters for future refelence providing an addendunto the original WFC3report
(Lupie & Boucarut, WFC3 ISR 2003-02) winipgresented theharacteristics of the UVIS
filter set in the instrument at that time

I ntroduction

Images takn during initial instrument-lel ground testing of WFC3 stved that while

the majority of the 62 WFC3 UVIS filters satisfied the design specifications, a number of
filters exhibited filter ghosts (Bron & Lupie 2004). Significant ghostingas found in

three high science-priority UV filters - F218W225W and F300X - at kels of ~10%,
15%,and1%, respectrely; therequiremenspecifieghat<0.2%of thetotal incidentlight
should &ll within a discrete ghost. A number of other high, medium, andtience pri-

ority filters exhibited ghosts at the typically 0.5-1%é#, though a f& shaved ghosts at
3-10%.

Subsequent ground-testing of the original spare filters in a lab setup specifically designed
to mimic the WFC3 UVIS channel light beam sleal that the ghosts were due to reflec-
tions betweenarious filter coatings, results confirmed by aae modelling (Kibalak &

Telfer 2005). The filter design dictates the type of ghost: agaaifilter (two substrates

joined by thin spacers) can generate compktended ghosts whichavy considerably
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across the field of we while a multi-substrate filter (stack ofavor more substrates
bondedogethemwith opticaladhesie) cangeneratenorepoint-like ghostswith relatvely
minor variability across the field of we In the UV filters (akgap as well as single sub-
strate designs), reflections from the metal béwakere found to be the primary cause of
the obsergd ghosts. The filterandors indicated that this type of coating is indeed the
least controllable: the maradturing process is such that the actual coating caatde
slightly from the original model design (particularly in the wings of the bandpass), which
can gve rise to filter ghosts.

In thecaseof multi-substratdilters, suchassomeof thevisible medium-bandgheghosts
were found to be due to reflections arising from slight distortions in the ae hager

used to bond this type of filter - a process made mdieudifoy the relattely lage yet

thin WFC3 filters. Due to their dimensions, WFC3 filters are less rigid than typical filters
and therefore carxhibit slight “potato chipping”; such d&tions in filter topograph
contrikbute to the obseed ghost morphology (C. Grandy 2004). The coxipfeof the
composite (coatings, substrates, epoxy bonding, topogyapdies it \ery difficult to

model or predict ghost be¥iar in multi-substrate filters; it can assessed only via lab
measurements.

The WFC3 Science @vsight Committee (SOC)viewed the filter ghost issue and pro-
vided recommendations as to which elements should be addressed with replacements,
prioritizedgiventhe scheduleandbudgetlimitationsatthetime. As aresult,new versions

of morethanadozenhigh priority affectedfilters weremadeandfully characterizeth the

lab. Detailedevaluationandcomparisonso theoriginal flight filter characteristicshoved

that 10 of these mefilters (plus a spare for each) were deemed acceptable as replace-
ments. Thanks to aduncements in filter coating technologies during the years since the
originalfiltersweredesignedthenew filters couldbe constructean singlesubstrateand

in mary cases, all bandpass-defining layers could be placed on one side of the substrate
with an anti-reflection coat on the other side. The designs significantly reduced the
ghost leels, simplifying the ghost shapes and hédraacross the field of we while
maintaining, if not impreing, other filter characteristics such as throughput or bandpass
shapeThelevelsof filter ghostan themajority of thefinal filter setarenow <0.1%,easily
satisfyingthe ghostrequirementA smallnumberof filters still have ghostsexceedinghe
specification and are listed in Appendix A;yhrepresent either the bestenall efort of

the vendors and/or werewoenough science prority that replacements weadtainable

due to schedule constraints.

During the time period that the ghost problems were being addresseatjdwional
issues arose: inspections and testing of all original filters installed in the wheslkde
two filters with less than optimal edgevbéng (F588N and F657N). Due to concerns
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about potential future edge chipping and as a consequence, possible risks to the SOFA
mechanism (Sabatke 2006), these two filters were removed from the wheels and their
edges re-worked to the specification. The filters were recharacterized to confirm, as
expected, that the beveling had not changed their performance and they were successfully
reinstalled. However, subsequent environmental testing revealed that one of the two filters
(F588N) continued to have stability problems with its edges. With SOC approval, the
F588N was replaced with F200L P, an alternative filter in-hand at the time (there was no
viable spare for F588N).

Finally, due to a procedural error, one filter not intended for replacement (F600L P) was
inadvertently removed from the filter wheel; its original flight spare was recharacterized,
approved for flight, and installed into thewheel. Thus, intotal 12 new filterswereinstalled
inthe UVIS SOFA; they are tabulated in Table 1 (the table does not include F657N as that
element is still the original flight filter). The remainder of this report is devoted to summa-
rizing the primary performance characteristics of the new filters.

Table 1.Filtersreplaced in WFC3 UV IS filter wheels.

filter description scjeqce wheel slot filter description sc'ier)ce wheel slot
name priority name priority

F200LP? clear, grismreference  N/A 2 3 F410M Stromgren v medium 9 2
F218W ISM feature high 3 1 || F467M  Stromgren b medium 9 3
F225wW UV wide high 3 2 F600LP  Long pass high 6 3
F275W UV wide high 9 1 F606W  WFPC2WideV  high 6 2
F280N Mg Il 2795/2802 medium 4 2 || F62IM  11% medium 8 3
F300X extremely wide UV high 1 2 F658N [N 11] 6583 medium 11 3

a. Replaced original F588N filter.

Characterization and Evaluation of Candidates

The characterization tests performed on the replacement filter candidates in the lab have
been based upon those used for the original filters (Raouf & Trauger 2003) which included
inspections and spectral scans as well as verification of physical dimensions, wedge,
wavefront quality, and focus shift. Further tests were added to the suite in order to verify
compliance with the CEI ghost specification and the environmental requirements, and to
check for anomalous flatfield features; the full set of characterization tests run on the
replacement filtersis described in Baggett et al. (2006). Individual |ab reports detailing all
test procedures and results for each filter (approved flight and spares, as well as some fil-
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tersnotchoserfor flight) arearchivedon the privateGoddardSpacd-light CenteAtWWW
site and are\ailable upon request.

The WFC3 team (STScl and GSFC) as well as the S@lDaed all candidate replace-
ment filter test data for compliance with the filter requirements (JPL D-18189
requirementslocumentCEl specificationsandSER-OPT015).Occasionatompromises

to the specificationsvereunavoidablegiventhe practicallimitations of thefilter manufc-
turing process. The final determination of acceptable filter propertiesnade by the
WFC3 SOC, who assessed the a#tliilter characteristics in light of theverall science
goals of WFC3 and decidedwanuch deiation was tolerable for a gen specification

and which, if ag, particular replacement filter to flin some cases, such as UV filters
which are notoriously dicult to manuécture, the specifications were understood to be
meant as a challenge to thendors, to push the elope of current filter technology in
order to obtain the best filter possibleerall although it may require compromises in
other areas (e.g., the replacement F218W has a gliekbfe-3.3%, dan from ~10%,

but the throughput - while still meeting the specification - is not as high as in the original
air-gapfilter). Ontheotherhand thenew filter designgrovidedimprovementsn someof
thereplacementilters beyond simply mitigatingthe ghostproblem,awelcomeside-bene-

fit (e.g.,F225Wghostsverereducedrom 15%to <0.3%while totalthroughpuincreased

by 30% and F606W ghosts were reduced from 0.3% to 0.1% while total throughput
increased by ~10%, and the passband became more square). On the other hand, not all
new designs were completely successfub t@placement filters (F656N, F689M), while
technically acceptable, were not significantly better than the original flight filters and as
such, were not appved for use as replacements.

Filter Throughput Data

In- and out-of-band spectral scans of the replacement filter candidates were performed at
Goddard Space Flight Center; details of the test setup and procedure can be found in
Quijadaetal. (2006).Thedifferencedetweerin- andout-of bandspectraimeasurements

and requirements wergauated on a case-by-case basis and in light of eachsfitteai-
acteristics and performance as a whole. Occasionaltams of a filter from a particular
specification were appved by the SOC gen ecellent performance characteristics in

other areas.

The scans of the replacement filters chosen for flight are presented in Appendix B while
Figurel and Bble2 belav summarize the spectral results. These filteve Inav
replacedheirequialentoriginalsin the SOFA (exceptfor F200LR whichasmentionedn

the Introduction replaced F588N); as such, the properties listed in the tables here replace
those listed in ISR 2003-02 (Lupie & Boucarut 2003). The in- and out-of-band filter spec-
tral data of the ne replacement flight filters kia also been incorporated into the STScl
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Synthetic Photometry (SYNPHQ tables for use in the WFC3 calibration pipelines and
into the web-basedkposure time calculator (Bno 2006).

Table2 presents the primary in-band throughput properties of the replacement filters
selectecandapproredfor flight. Therearethreerows perfilter, shaving themeasurements

of the as-hilt flight element, the original specifications, and théed#nce between the
measurements and the specificatioav&lengths are in units of nm, with a measurement
accurag +/- 0.5nm for the medium-band filters as well as F275W and F666W.1nm

for thetwo narravbandfilters, and+/-1nmfor theremainingbroaduV filters. In addition

to the peak and edge transmission requirements, the specifications also called for a mini-
mum of ripple within the 90% passband; that is, transmission within the 90% passband
should not &ll belov 90%. Definitions of the spectral quantitieswhan Table2 origi-

nated in the JPL specification documenmt(iger 2001), repeated here forwamence.

Table3 presents the requirements for out-of-band (OOB) transmission dodgiithe
passban@longwith the measuredaluesof thereplacementilters selectecandapproved
for flight. Shortwardof thepassbanahespecificationgor wide-andmedium-bandilters

required that the transmission be less thaf ai0navelengths shortard ofA_o; by a
wavelengthshift equalto the FWHM (A <A _g1 - M50 + A_50). For narrav-bandfilters, the

specificationsalledfor thetransmissiorto belessthan10° atall wavelengthsshortward
of the passband\€ 2x\ g1 - A4g1)-

Columns in &ble 2 (in-band spectral scans)

JPL filter number: general identification for filter within the entire UVIS set

Filter name: identifier used in on-orbit and ground systems.

Part Number: unique identifier ofeailable candidates for avgn filter; in the table, the

part number identifies the specific replacement part ultimately chosen for flight.
2.
O]l

Ao : the filters central vavelength, gien by = A 59X A45
FWHM: full-width at the half-transmission points, is defined as;§[- A.5ql.

A1 and A, g : wavelengths on either side of the central/elength where the transmis-
sion is <1% absolute and remains kel for wavelengths shorterd ofA_p; and
longward ofA g .

A_gp and A, 5o : wavelengthson eithersideof the passbanavherethetransmittancequals
50%of thepeakandremaindessthan50%of thepeakshortwardof A_sy andlongwardof
A+s0.

A_go @and A, oo : wavelengthsetweernwhich thetransmissions greatethan90%absolute.
Min T: minimum aerage transmissiorveraged wer theA_gg andA .gg range.

Comment: identifies rev as design specification, measuratues, or the diérence.
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Columns in ‘&ble 3 (out-of-band spectral scans)

JPL filter number: general identification for filter within the entire UVIS set

Filter name: identifier used in on-orbit and ground systems.

Part Number: unique identifier ofailable candidates for awgn filter; in the table, the
part number identifies the specific replacement part ultimately chosen for flight.
T, transmission specification at and loraga of the vavelengthA,,

An: wavelength at which OOB Jis specified.

Somefilters have a singleOOB requirementvhile othershave a step-wiserequiremenbf
different levels at diferent wavelengths (denoted by subscript to T and

Table 2. In-band throughput performance of the UVIS replacement flight filters; three
rows are listed for each filter: design specifications, the measahaeky and the ddr-
ence between the by(meas-spec); avelengths are in nm. Instances where no require-
ments were specified for avgn quantity are indicated by *-'.

JPL filter part .
A A A A A A A
Fnum name hum 0 minT FWHM -50 +50 -90 +90 -01 +01 comment
F200LP 312 - - - <190. - 194.6 - - meas; see A

uVvIS-1 F218wW 312 216.5 0.20 35.2 199.7 234.8 208.1 224.0 187.0 251.0 meas
2175 0.20 30.0 202.5 2325 - - - - spec
-1.0 0.00 +5.2 -28 +23 - - - - dev
UVvIS-2  F225W 305 2311 0.30 54.7 205.3 260.1 212.1 245.0 197.0 288.1 meas
2250 0.20 50. 200.0 250.0 - - - - spec
-6.1  +0.10 +4.7 +5.3 +10.1 - - - - dev
UVvIS-3 F275w 317 2720 0.43 48.1 249.1 297.1 2545 273.3 2304 310.2 meas
275.0 0.20 50. 250. 300. - - - - spec
-3.0 +0.23 -1.9 -0.9 -29 - - - - dev
UVIS-26 F280N 310 2795 0.26 4.3 2774 2816 2787 281.0 276.6 283.2 meas
279.8 0.20 4.2 277.7 2819 - - - - spec
-0.3 +0.06 +0.1 -0.3 -0.3 - - - - dev
UVvIS-15 F300X 312 2743 0.49 75.3 239.2 3145 2443 284.7 2164 4015 meas
- 0.50 - - 365.0 - - - - spec; see B
- -0.01 - - -50.5 - - - - dev
UVvIS-19 F410M 311 4106 0.93 18.3 401.5 419.8 4035 4184 398.3 4237 meas
4105 0.75 19.0 401.0 420.0 404.0 417.0 393.0 430.0 spec
+0.1 +0.18 -0.7 +0.5 -0.2 -0.5 +1.4 +5.3 -6.3 dev

UVIS-20 F467M 311 468.2 0.88 21.8 457.4 479.2 458.0 478.0 4545 4829 meas
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anzl;n :;ﬁre r?l?rn: Ao minT FWHM Asp  Asp Ao Ao Ao Ay comment

467.5 0.80 23.0 456.0 479.0 4590 4755 4475 489.0 spec

+0.7 +0.08 -12 +1.4 +0.2 -10 +2.5 +7.0 -6.1 dev

UVvIS17 F600LP 003 - 0.98 - 608.4 - 622.3 - 593.0 - meas
- 0.95 - 600.0 - 625.0 - 595.0 - spec

- +0.03 - +8.4 - -2.7 - -2.0 - dev

uvIS-8 F606W 310 593.9 0.96 230.4 479.0 7095 4808 7071 4699 7208 meas
595.6 0.9 234.0 4785 7125 4925 7020 4699 7208 spec

-1.7 +0.06 -3.6 +0.5 -3.0 -11.7 +5.1 0.0 0.0 dev

uviS22 F621M 311 6211 0.95 63.1 5904 6535 5935 650.2 4949 661.7 meas
621.2 0.85 64.0 590.0 654.0 - - - - spec

-0.1 +0.10 -0.9 +0.4 -0.5 - - - - dev

UVIS-37 F658N 310 6585 0.89 24 657.1 659.9 6573 659.7 656.7 660.4 meas
658.5 0.80 20 - - 6576 659.6 657.0 660.6 spec

0.0 +0.09 +0.4 - - -0.3 +0.1 -0.3 -0.2 dev

Note A. No specific wavel ength specifications exist for F200L P, it was constructed as afused-silica
element with an UV-optimized anti-reflection coat and has replaced UVIS-33 filter F588N.
Note B. The blue side of F300X was specified to be as short asfilter technology would allow.
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Table 3. Out-of-band throughput performance longward of the passband in the UVIS
replacement flight filters; wavelengths are in nm. F200L P and F600L P are not included:
the former was designed to have as much throughput as possible across the 200-1000nm
range while in the | atter, the blocking is provided by the color glass (RG610) specified to
be used in the filter construction.

JPL filter part A JPL filter part

Fnum name num T,spec T, meas Fnum name num A T.spec T, meas

UVIS1 F218W 312 275 14108 3.1x10%4 || UVIS26 F280N 310 400. 1x10% 1.3x10°3
325 1x10%  47x10° 700.  1x10°  1.2x10°
400.  1x10° 94x107° || UVIS15 F300X 312 430. 1x10%* 1.7x103
UVIS2 F225W 305 275 14108 44x102 || UVIS19 F410M 311 480. 5x10° 5.09x10°
325,  1x10% 3.0x10% || UVIS20 F467M 311 530. 5x10° 1.6x10°
400.  1x10° 1.9x10° || UVIS8 Fe06W 310 850. 1x10% 2.6x10°
UVIS3 F275W 317 325, 14108 99x10° || UVIS22 F62IM 311 730. 5y 10° 3.4x10©

375. 13104 4.7x10% || UVIS37 F658N 310 700. 14x10® 2.4x10°

450. 1x10° 2.3x10°

Optical Characteristics

In addition to the WFC3 filter spectral requirements, there are also specifications asto the
allowable focus shift, quality of the transmitted wavefront, acceptable wedge and ghost
levels. A dedicated lab setup ssimulating a WFC3-like beam was built to test completed
replacement filter candidates before installation into the SOFA (Telfer 2006). Data were
acquired viaa CCD camera and analyzed using IRAF and IDL routines; details of the
measurement setup and analysis procedures are available in the individual filter test
reports aswell asin Baggett et al. (2006) and Telfer (2006). Table 4 presents the resulting
as-built replacement filter performance for wavefront, focus, wedge and ghosting. The
requirements for each of these parameters can be summarized as follows.

Wavefront: JPL requirements call for <1/4 and 1/2 wave peak-to-valley over the clear
aperture in single-substrate and multi-substrate filters, respectively (from substrate draw-
ing JPL 10195732). All replacement filters except for F6OOL P are single substrate which
isamulti-substrate sandwich filter. The filter vendors measure the wavefront error over the
entire filter clear aperture by means of an interferometer (columns 3,4 in Table 4); the
wavefront error through the beam footprint (columns 5,6 in Table 4) was measured in the
lab with the FilterGEI St setup. The peak to valley error over individual beam footprints
are not listed in Table 4 as these are more restrictive than necessary to satisfy the CEI
wavefront requirement, which calls for no more than 0.02 waves of transmitted wavefront
error at 633nm.
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Focus shift: The filters are required to be parfocal, that is, the focus shift of each filter

(plus the two CCD windows) must equal the focus shift of a’ 5.500mm thick plano/plano
fused silica substrate at a wavelength of 633nm plus the shift of two fused silica CCD win-
dows.

Wedge: the CEl specifies arelative displacement limit: no more than 0.5 detector pixel

shift. In the JPL requirements document, thisis worded as no more than a6 x 10" equiva-
lent wedge across the 2.256 inch aperture.

Filter ghosts: CEI requirement callsfor no more than 0.2% of the total light to fall withina
discrete ghost. Though some replacement filters (e.g., F218W and F225W) still do not
meet the ghost specification, overall, they were judged to be a significant improvement
over the original flight filters and as such, have been approved by the SOC and installed in
the SOFA.

Columnsin Table 4

Filter name: identifier used in on-orbit and ground systems; part number is the same as
that shown in the previous tables.

Part number: unique identifier of given filter.

Wavefront error (rms, entire): rms wavefront error across the uncoated filter substrate, in
waves at 633nm, as measured by the filter vendor.

Wavefront error (P/V, entire): peak-to-valley wavefront error across the uncoated filter
substrate, in waves at 633nm, as measured by the filter vendor.

Wavefront error (rms, med): median of 9x9 grid of measurements (11mm diameter beam)
taken across the filter, in waves at 633nm.

Wavefront error (rms, max): maximum rms wavefront error of 9x9 grid of measurements
(11mm diameter beam) taken across the filter, in waves at 633nm.

Focus (avg): focal shift calculated from phase retrieval data, in mm.

Focus (spec): focal shift specification, in mm.

Focus (error): difference between measured and required focus, in mm.

Shift: median PSF displacement over the filter, in units of WFC3 UVIS pixels.
Equivalent wedge: displacement in units of inches of wedge over the 2.256 inch aperture.
Ghost: amount of light falling into filter ghost, as percent of the total point source light,
measured in the lab with a 150W xenon arc lamp. Ghost strength can vary depending
upon the source spectrum.

Table 4. Wavefront, focus, wedge, and ghost characteristics of the replacement filters.

filter part WF WF WF WF focus focus focus  shift equivalent ghost
name num olob error error error (avg) (spec) error (pix) wedge (%)
(rms) (P/V) medrms maxrms

F200LP 312 - - 00054 00132 14228 16979 -0275 016 3325105 0.35
F218W 312 0034 018 00132 00328 12771 13662 -00891 043 7745105 33

F225w 305 0.021 0.101 0.0117 0.0255 13678 13949 -0.0271 028 517x10° 0.3
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filter part e\rA:zr e\r/\:; e\rA:Er e\rl\:gr focus focus focus sh_ift equivalent  ghost
name  num (ms) (PNV) medrms maxrms (avg) (spec) error (pix) wedge (%)
F275wW 317 0.036 0.163  0.0087 0.0169 1.4520 1.5297 -0.0777 0.20 3g82x10° <0.1
F280N 310 0.024 0.15 0.0105 0.0229 1.4221 1.5388 -0.1167 0.26 50gx 10° 0.9
F300X 312 0.031 0.161 0.0146 0.0295 1500 1.5200 -0.0200 0.27 513x10° 0.25
F410M 311 0.043 025 0.0085 0.0178 1.6744 1.6636 0.0108 0.11 535x10F <0.1
F467M 311 0.029 0.17 0.0094 0.0251 1.6772 1.6876 -0.0104 0.36 761x10° <0.1
F600LP 003 0.0131 0.0282 1.5892 1.7395 -0.1503 1.08 1g9gx10* <01
F606W 310 0.038 0.26 0.0125 0.0235 1.7012 1.7209 -0.0197 0.20 413x10° <0.1
F621M 311 0.021 0.22 0.0072 0.0143  1.7405 1.7233 0.0172 0.19 409x10° <0.1
F658N 310 0.041 0.21 0.0065 0.0217 1.6072 1.7287 -0.1215 0.23 497 x10° 0.4
Summary

Dueto filter ghostissuesn a subsebf the WFC3UVIS filters, someof the originalfilters

have been replaced with impred \ersions. The astiilt properties of these replacement
filters have beenpresente@longwith thefilter requirementsTheresultssummarizedhere

are intended as an update to the report documenting the original UVIS filter set (Lupie &
Boucarut 2003).
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Appendix A

Tableb5. Filters currently in WFC3 which do not meet the filter ghost requirement (<0.2%
of the total flux in aghost). Ghost levels in unasterisked filters (replacement filters) were
measured from datataken in alab setting and should be representative of what will be seen
during upcoming instrument level tests. Ghost levels for asterisked filters were measured
from data taken during prior instrument-level tests (Brown & Lupie 2004). The asterisked
filters were not replaced, due either to their low science priority or because the acquired
replacement candidates were not significantly better than the original flight filter or
because the ghost level was deemed acceptable in light of the otherwise excellent perfor-

mance characteristics of the filter.

filter description ghost le vel sc_ier_wce filter description ghost le vel sc_ier_wce
(in percent)  priority (in percent)  priority
F200LP Clear, grism reference 0.35 N/A F218wW ISM feature 33 high
F225W UV wide 0.3 high FQ232N* Cll] 2326 5.0 low
FQ243N* [NelV] 2425 5.0 low F280N Mg Il 2795/2802 0.9 medium
F300X Extremely wide UV 0.25 high F656N* Ha 6562 0.5 high
F658N [N 11] 6583 0.4 medium F665N* z(Ha + [N 117) 04 low
F673N* [S1] 6717/6731 0.3 medium || F680N* z(Ho + [NI1]) 0.3 low

12
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Appendix B

Figure 1: In-band and out-of-band (OOB) transmission scans for the replaced filters, the
former on a scale of 0-1 and the latter in units of optical density (= -log10(transmission)).
Filters were scanned in avariety of locations across the filter (as noted in by the color-cod-
ing of the scans and the associated filter sketch). For somefilters, there is a slight disconti-
nuity in the OOB scan between 800-900 nm; the jump is not real but an instrumental
artifact due to a change in the spectrophotometer detectorsin this region. The optical den-
sity measurements beyond this feature represent lower limits, that is, the blocking is better
than the measurements indicate.

F200LP-312 (In-band response)
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F218W-312 (In-band response)
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F225W-305 (In-band response)
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F275W-317 (In-band response)
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F280N-310 (In-band response)
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F300X-312 (In-band response)
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F410M-311 (In-band response)
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F467M-311 (In-band response)
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In-band response)
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F606W-310 (In-band response)

I AR A A |
. D:-2 1I 2 —2:-2 —3:-2 —4:-2
0.8 + -+ 0,3 1,3 —2,-3 —3,3 —4,3
0,-4 1,4 2,-4 3,-4 4,-4
0-7 7 + spec
06 -
F 05 -
+ 1
04 - |
0.3 -
0.2
0.1 1 J \
o4+ A e

450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900 925
Wavelength (nm)

F606W-310 filter (Out-of-band response)

>
[
c
@
o
™
2
S 3 w40
o i
5 L
2 1 H H 0,4
: E ad -4
17 ] g + spec
&

0 T . w . .

200 300 400 500 600 700 800 900 1000
Wavelength (nm)

22



Instrument Science Report WFC3 2007-01

F621M-311 (In-band response)
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F658N-310 (In-band response)
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