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1. Overview

1.1 General

The Wide Field Camera 3 (WFC3) is a fourth-generation instrument to
be installed on the Hubble Space Telescope (HST) during Servicing
Mission 4 (SM4), currently scheduled for early 2004. The instrument will
occupy one of the HST radial bays, where it will replace WFPC2, which
will have served on orbit for over 10 years by 2004. WFC3 is designed to
ensure that HST maintains its unique imaging capabilities until the end of
its mission, while at the same time advancing its survey and discovery
capability due to its combination of wavelength coverage, field of view, and
sensitivity. WFC3 will also provide a good degree of redundancy for ACS
and NICMOS.

WEC3 is a facility instrument, and unlike the other HST instruments, it
is being built by NASA through a partnership between the NASA Goddard
Space Flight Center (GSFC), Space Telescope Science Institute (STScI),
Ball Aerospace, and other industrial contractors. Specifically, definition of
the instrument, design, construction, testing, characterization and
calibration of WFC3 are not carried out by an Investigation Definition
Team (IDT) under the leadership of a Principal Investigator (PI) selected by
NASA, as traditionally done in the past, but rather they are the
responsibilities of an Integrated Product Team (IPT) led by GSFC and
composed of staff astronomers and engineers from GSFC, STScl, Jet
Propulsion Laboratories (JPL), Ball Aerospace, and industrial contractors.
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A Science Oversight Committee (SOC) selected by NASA from the
worldwide astronomical community provides scientific oversight of the
design and development of WFC3 to ensure that its scientific capabilities
are adequate to serve as a facility instrument until the end of the HST
mission. The SOC has provided important scientific input in a variety of
areas, such as defining the suite of filters for WFC3, and continues to
provide scientific advice on major design trade decisions.

1.2 Key Features of Wide Field Camera 3

The optical design of WFC3 features two independent channels, one
sensitive at ultraviolet (UV) and optical wavelengths, approximately 200 to
1000 nm (the UVIS channel), and the other sensitive at near infrared (IR)
wavelengths, approximately 850 to 1700 nm (the IR channel). A channel-
selection mechanism consisting of a movable mirror directs the light
coming from the HST Optical Telescope Assembly (OTA) to one of the two
selected channels, and hence no simultaneous observations with UVIS and
IR are possible.

The extended wavelength range combines with high sensitivity, angular
resolution, large field of view, and wide selection of spectral elements to
make WFC3 one of the most versatile instruments onboard HST. Key
features of the instrument include:

e UVIS channel: 0.04 arcsec/pix; 2.7x2.7 arcmin FOV; 200-1000 nm;
point source with V=29.1 at S/N=5 in 10 hr.

* IR channel: 0.13 arcsec/pix; 2.2x2.2 arcmin FOV; 850-1700 nm;
point source with H=26.3 at S/N=5 in 10 hr.

e 62 broad-, medium-, and narrow-band filters in the UVIS channel.
* 14 broad-, medium-, and narrow-band filters in the IR channel.

e 1 grism in the UVIS channel, and 2 grisms in the IR channel, for slit-
less spectroscopy.

* IR detector with reference pixels for accurate bias subtraction.

A White Paper document (Stiavelli, M. and O’Connell, R.W. eds. 2000,
“Hubble Space Telescope Wide Field Camera 3, Capabilities and Scientific
Program”) prepared by the SOC and the science IPT outlines the scientific
areas that will most benefit from the specific capabilities of WFC3. These
include searches for galaxies at redshift up to z~10, the study of the physics
of star formation in distant and nearby galaxies, accurate determination of
the baryonic mass by detecting stars at the limit of the hydrogen-burning
sequence and extra-solar Jupiter-like planets, and study of planetary objects
in the Solar System. The document can be found at:

http://wfc3.gsfc.nasa.gov/white_paper.html
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1.3 The WFC3 Instrument Team at STScl

STScl maintains a team of Instrument Scientists, Data Analysts,
Engineers, and Scientific Programmers who support the design,
development, operation, calibration and documentation of WFC3. STScl
also maintains a Help Desk to provide answers quickly to any WFC3- and
HST-related questions. Please send all questions regarding WFC3 and HST
to the Help Desk. To contact the Help Desk at STScl:

* Send E-mail to: help@stsci.edu
* Phone: (410) 338-5079

2. Instrument Description

2.1 Optical Design

The optical design of WFC3 was driven by the need to provide a large
field of view and high sensitivity over a broad wavelength region, excellent
spatial resolution, and stable and accurate photometric performance. WFC3
features two independent imaging cameras, the UV/optical channel (UVIS)
and the near-infrared channel (IR), as illustrated in Figure 1, which shows a
schematic of the optical layout of the instrument. The UVIS channel uses 2
butted 4096x2048 thinned, back-illuminated Marconi CCD detectors to
support imaging between 200 and 1000 nm, while the IR channel uses a
1024x1024 Rockwell HgCdTe detector array, with 1014x1014 pixels
useful for imaging, to cover between 850 and 1700 nm. A flat pick off
mirror redirects the beam coming from the HST Optical Telescope
Assembly (OTA) into WFC3, and both channels produce images centered
around the same on-axis line-of-sight in the HST focal plane, but not
simultaneously; a channel-select mechanism is included to divert the light
to the desired channel. Optical elements in each channel correct for the
spherical aberration of the HST primary mirror. The primary characteristics
of the two channels are summarized in Table 1.

Table 1: Summary of the primary characteristics of the two channels of WFCS3.

Field of View Average scale, Spectral range, Detector
Channel o . - .
(size in arcsec) in arcsec in nanometer pixel format
uvis 163x162 0.040 x 0. 040 200-1000 2x4096x2048
IR 123x137 0.121x0.135 850-1700 1014x1014
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Instrument Description

The UVIS channel is similar to the Wide Field Camera (WFC) of the
Advanced Camera for Surveys (ACS). There are, however, some
differences that make it unique. UVIS provides about 20% better spatial
sampling than ACS/WFC, obtained at the price of a comparably smaller
field of view. Furthermore, while ACS/WFC is blind at wavelengths shorter
than approximately 400 nm (namely. bluer than the B band), WFC3 UVIS
has sensitivity that extends to the UV spectral region, covering the range
from 200 nm to 1000 nm; however, the design trade-offs adopted to achieve
such an extended wavelength coverage (primarily the coating of the CCD
and the use of aluminum for the M1 and M2 mirrors; see Figure 1) imply a
reduced sensitivity at optical wavelengths compared to that of ACS/WFC.
In the UV spectral region, WFC3/UVIS has better near-UV throughput and
much larger field of view than ACS/HRC, although it has coarser spatial
sampling. WFC3/UVIS is not sensitive in the far-UV region (i.e.
wavelengths shorter than 200 nm); this is covered by ACS/SBC and
STS/FUV-MAMA and, at a reduced sensitivity, by WFPC2.

The IR channel offers 85% of the imaging area of the Wide Field
Planetary Camera 2 (WFPC2) with only ~30% larger pixel size, and it
covers about 7 times the area of the Near Infrared Camera and Multi Object
Spectrometer (NICMOS) NIC3 channel with almost 2 times better spatial
sampling. However, it lacks the very high sampling offered by the
NICMOS/NIC1 channel. It also provides improved sensitivity over
NICMOS, although its wavelength coverage is smaller, ending at about
1700 nm, to limit the instrument’s thermal background. This is due to the
fact that, unlike NICMOS, the IR channel does not have a cryogenic dewar
that cools many components of the instrument; instead, various parts of
WEFC3, including the optical bench, Refractive Corrector Plate (RCP),
pupil mask, baffle, and detector container, are actively cooled by a
thermal-control subsystem, each at its optimal temperature. Although much
simpler, this design does not provide for adequate suppression for the
thermal background at wavelengths longer than the H band and limits the
detector temperature to ~150 K. Each channel includes a calibration
subsystem that provides internal illumination of the detector for flat-field
calibrations.
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Figure 1: Schematic of the optical layout of the WFCS3 instrument.
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Table 2: A comparison of the primary characteristics of HST imaging instruments.

Wavelength coverage, Pixel size, Area Coverage,

Instrument nanometers arcsec square arcmin
WFC3 UVIS 200 - 1100 0.04 7.335
ACS WFC 370 - 1100 0.05 11.67
ACS HRC 200 - 1010 0.025 0.174
ACS SBC 115-170 0.03 0.25
STIS FUV-MAMA 115-170 0.024 0.174
STIS NUV-MAMA 160 - 310 0.024 0.174
STIS CCD 200 - 1100 0.05 0.404
WFPC2 WF 115-1100 0.10 5.333
WFPC2 PC 115-1100 0.046 0.444
WFC3 IR 850 -1700 0.13 4.681
NICMOS NIC1 850 — 2500 0.043 0.0336
NICMOS NIC2 850 — 2500 0.075 0.100
NICMOS NIC3 850 — 2500 0.20 0.728

Table 2 shows a comparison of the wavelength coverage, pixel scale and
field of view of present HST imaging cameras and WFC3, while Figure 2
shows the expected throughput of WFC3 as a function of wavelength
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compared to that of WFPC2, ACS, and NICMOS. The curves include the
multiplicative contribution of the individual throughput of the OTA, all the
optical elements of the instruments themselves (excluding filters but
including the detectors” windows), and of the sensitivity of the detectors.
The thick continuous WFC3 curves are obtained using the currently
available flight detectors; the thin continuous curve is obtained using the
detector specifications defined by the IPT. As the figure shows, WFC3
offers a unique combination of high sensitivity, wide spectral coverage and
large imaging area ranging from the UV to the near-IR, extending and
complementing the optical performances of ACS/WFC at wavelengths
shorter than ~400 nm and longer than 1000 nm. The good degree of
functional redundancy with ACS and NICMOS will help ensure that the
unique scientific capabilities of HST will remain available until the end of
its mission.

Figure 2: The integrated system throughput of imaging instruments on HST as a
function of wavelength. The thick continuous curves represent the performance of
WEFC3 with the current flight detectors. The thin continuous WFC3/IR line repre-
sents the throughput obtained using the original IR detector specifications defined
by the IPT
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WEFC3 will replace WFPC2, the first large-area camera that included
corrections for the spherical aberration on HST. The appearance of the
HST focal plane following the Fourth Servicing Mission is shown in Figure
3. Similar to ACS, the imaging areas of WFC3 are subject to geometrical
distortions as a result of a focal plane tilt in the optical design which
elongates the field of view by a small amount. Most of the distortion runs
approximately parallel to the diagonal direction of the UV detector and
parallel to the axis of the IR one. As a result, the UVIS aperture on the sky
will look like a rhombus with the acute angle between the x and y axes of
the detector being approximately 86 degrees, while the IR channel aperture
will be rectangular in shape with an aspect ratio of about 89%. The pixel
scale of the two channels is approximately 0.040 and 0.13 arcsec/pixel,
respectively (see Table 1 and Section 3).

Both channels are complemented with a large collection of spectral
elements, selected after the recommendations of the SOC following the
results of a Filter Selection Workshop held at STScI on July 14, 1999. The
collection includes broad-, medium-, and narrow-band filters as well as
low-dispersion grisms (one element in the UVIS channel and two in the IR
channel) for slitless spectroscopy. The broad-band filters include popular
passbands frequently used in extragalactic and stellar astronomy, as well as
passbands used in other HST instruments for photometric consistency. A
total of 36 different narrow-band passbands consisting of 16 normal filters
and 5 QUAD filters sample throughout the UVIS channel spectral range,
including filters that target the most important spectroscopic features. The
IR channel includes 6 narrow-band filters also targeting the most important
spectral features in the near IR. No ramp filters or polarizers are included.
Finally, broad-band filters with similar wavelength coverage as that of the
dispersers have been included to allow observers obtain direct imaging of
their spectroscopic targets in the same spectral region covered by the
dispersed images, which will allow accurate wavelength calibration. Table
4 and 5 list the spectral elements of the UVIS and IR channel, respectively,
divided by type.

Both channels offer the possibility of defining sub-arrays, and the UVIS
allows binned readout modes, increasing the flexibility of observing
configurations. A variety of dithering schemes is offered to observers by
the APT proposal software tools, including specially designed patterns as
well as user-defined ones. The post-observation software (pipeline)
calibrates data taken in all these configurations and also offers the
possibility of reconstructing dithered images with the drizzling algorithm,
effectively increasing the sampling of the Point Spread Function (PSF).
The software also offers the possibility to mosaic images according to a set
of rules or associations and regrid them onto a cartesian pixel coordinate
system.
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Figure 3: The layout of the focal plane of HST after SM4.
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3. The UVIS Channel

The UVIS channel is optimized for highest performance in the 200 —
400 nm wavelength interval, and consists of an optical train providing
focus and alignment adjustment as well as correction for the HST Optical
Telescope Assembly (OTA) spherical aberration, a filter element selection
mechanism, a shutter, and a CCD detector assembly. These are supported
by a thermal control subsystem and also by control and data-handling
electronic subsystems. The UVIS channel contains a shutter mechanism,
similar to that used in the ACS WFC. In general, in concept and
functionality, as well as in many design details, UVIS is patterned after the
ACS/WEC channel.
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3.1 Field of View and Pixel Size

The field of view of WFC3 is limited by the size of the pick-off mirror
(POM), which is constrained to avoid vignetting of other science
instruments. The UVIS channel adopts the same ACS/WFC camera-head
design with 4096 x 4096 pixels in the focal plane. The projected pixel
shape is not perfectly square, and the average value of the two scales are
0.0397 and 0.0395 arcsec/pixel, which yields a field of view of 163x162
arcsec. This exploits the available field of view while providing good
sampling of the PSF in the visible.

3.2 CCD Detector

The UVIS channel has a focal plane populated by two 4096 x 2048 pixel
CCDs butted together to yield a total of 4096 x 4096 array; the gap
between the two chips is approximately 50 pixels (2 arcsec) wide. The
CCDs are thinned, back-illuminated Marconi devices. As shown in Figure
2, their sensitivity extends to 200 nm while remaining relatively high in the
visual and out to 1000 nm due to the adoption of UV-optimized
anti-reflection coatings. The UV sensitivity of UVIS in the range 200-350
nm is achieved by the adoption of aluminum mirrors with magnesium
fluoride (MgF2) coatings in the optical train. This design works well in the
red part of the spectrum too, where it yields a reflectivity of ~88% and
enables WFC3 to reach a final throughput in the R band equal to ~50% that
of ACS/WFC, including 3 internal reflections (see Figure 1) and the QE of
the CCD detector. To achieve maximum sensitivity, the detector readout
noise is expected to be less than 4 electrons rms and the dark current less
than 10 electrons per pixel per hour. Such low values allow
background-limited observations in broad-band filters at visible and longer
wavelengths in single exposures of ~1 orbit length.

Accurate photometric performance requires uniform response within
each pixel and excellent charge-transfer efficiency (CTE), which must be
stable over a relatively long lifetime in the high-radiation environment
where HST operates. The non-optimal CTE characteristics of WFPC2 at
launch and their further degradation on orbit have been an important
limitation for highly accurate photometry. The performance of the WFC3
CCD detectors have been improved by providing shielding to the CCD
(same as ACS/WFC and WFPC2) and designing the CCD with a
mini-channel, which will reduce the number of traps seen by small charge
packets. In addition, post-flash capability or charge injection is included to
mitigate the effects of CTE losses in the later years by increasing the
background level to fill in traps.

Another important detector parameter is the modulation transfer
function (MTF), which defines how accurately a detector responds to a
signal rapidly changing in its spatial distribution (high frequency
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response). This depends on the uniformity of response within a pixel,
which determines the potential photometric accuracy, and on the cross-talk
between pixels, which degrades the PSF sharpness. Limits to the MTF of
UVIS CCD result in less than 10 per cent degradation of the PSF width
over the whole spectral range of the channel, and better than 2 percent
photometry in the visible.

3.3 Spectral Elements

The UVIS channel makes use of the refurbished WF/PC Selectable
Optical Filter Assembly (SOFA) unit, which has 48 available slots. The
slots accommodate 47 filters and one grism between 200 and 1000 nm;
however, 5 of the narrow-band filters are of QUAD type, bringing the
number of individual spectral elements to 63, including the grism. A
QUAD filter consists of 4 different smaller filters, each having one-quarter
of the area of a regular unit, arranged in a 2 x 2 mosaic configuration that
covers the aperture of a regular filter and images the corresponding
quadrant of the FOV of WFC3/UVIS at its own wavelength, thus greatly
expanding the collection of spectral elements of the instrument. Table 4
lists all the available spectral elements, which include very broad-band
filters for the deepest possible imaging, filters which match the most
commonly used filters on WFPC2 to provide continuity with previous
observations, the SDSS filters (also included in the ACS WFC collection),
filters which are optimized to provide maximum sensitivity to various
stellar parameters (e.g. the Stroemgren and Washington systems), and
narrow-band filters which probe a wide range of different physical
conditions in the interstellar medium and nebulae. The UV grism will
enable low-resolution (R~200) slitless spectroscopy over the spectral range
~200 - 400 nm.

3.4 Operating Modes

During standard readout, each CCD in the UVIS channel is read out
through two amplifiers. In addition to the standard mode, sub-array and
binned readout modes are also supported.

Sub-arrays are used to minimize the read-out time and data volume for
cases where repeated short exposures are required (e.g. bright point
sources, solar system targets or rapidly varying sources). This mode allows
the user to specify a sub-array of the desired size within a single CCD chip
to be read through a single amplifier.

Two readout modes of 2 x 2 and 3 x 3 binning allow for better surface
brightness sensitivity during low-background observations (e.g.
narrow-band or UV imaging) by reducing the relative contribution from



WFC3 Mini-Handbook I 11

read-out noise in cases when maximum resolution is of secondary
importance. Binning will also reduce the data volume.

Users can select among a suite of standard dithering patterns, which
includes both integer and sub-pixel shifts, obtained by moving the
telescope (note, though, that integer pixel shifts can effectively take place
only over relatively small portions of the field of view because of
geometrical distortions). These patterns help improve the effective
resolution by allowing the user to improve the sampling of the PSF by
suitable combination of the dithered images (drizzling) while at the same
time minimizing the effects of detector cosmetic defects.

4. The IR Channel

The IR Channel consists of a selection mechanism to divert light from
the UVIS channel, a separate optical train providing focus and alignment
adjustment and correction for the spherical aberration, a Filter Select
Mechanism, and a HgCdTe detector assembly. These are supported by a
thermal control subsystem and also by control and data-handling electronic
subsystems. All mirrors, except the pick-off one which is shared with the
UVIS channel, are silver coated for maximum IR throughput. The
correction of the spherical aberration of the HST primary mirror is done by
a refractive corrector (RCP). Since the detector is electronically shuttered,
a shutter mechanism is not part of the IR channel design, and bright-object
protection is obtained by blocking the optical path with a opaque slot in the
Filter Select mechanism.

4.1 Field of View and Pixel Size

The pixel size of the IR channel is the result of an optimal balance
between field of view and PSF quality, selected by the SOC after careful
analysis. Simulations have shown that dithering and image reconstruction
techniques (drizzling) are able to reconstruct a good quality PSF
satisfactorily as long as the pixel size is below 0.15 arcsec. The final choice
of approximately 0.13 arcsec satisfies this requirement while at the same
time satisfying optical packaging considerations. Since the focal plane is
tilted by about 22 degrees with respect to the chief ray, the field of view is
rectangular in shape, with an aspect ratio of ~0.89. The scale of the
rectangular pixels is 0.121 x 0.135 arcsec, which yields a useful field of
view with size 123 x 137 arcsec.
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4.2 IR Detector Array

The WFC3 IR detector is a HgCdTe 1024 x 1024 array of 18.0 x 18.0
um pixels bonded on a silicon multiplexer. Of these, the inner 1014 x 1014
pixels are light sensitive and are used for imaging, while the bordering 5
pixels around each side of the array provide a constant-voltage reference
and are used as reference for accurate subtraction of the electronic bias.
This device is a direct descendant of the NICMOS 256 x 256 and Hawaii
1024 x 1024 arrays, widely used in astronomy. To eliminate the
complication and the limited lifetime of a stored cryogen system while at
the same time providing the low operating temperatures required for dark
current and thermal background reduction, the WFC3 IR detector is cooled
with a six-stage thermoelectric cooler at a nominal operating temperature
of 150 K. The array sensitivity is optimized in the spectral interval
850-1700 nm. A cutoff value of 1700 nm has been chosen to limit the
"effective" dark current (i.e. the sum of the intrinsic detector dark current
and the instrument internal background), given the restrictions imposed by
the operating temperature. A longer cutoff wavelength would increase the
effective dark current at a given detector temperature because of the
background due to thermal emission from the telescope and the optical
bench.

The specifications for the detector require the read noise after multiple
non-destructive reads not to exceed 10 electrons per pixel (with a goal of 7
electrons per pixel). The sum of detector dark current and thermal
background contributions is required not to exceed 0.4 electrons per pixel
per second (with a goal of 0.1 electrons/pixel/sec). These limits on read-out
noise and dark current will allow zodiacal background limited imaging in
the H band (1600 nm). At the time this document was written, a
performance of 20-30 electrons of read-out noise has been demonstrated in
April 2002 with test detectors. Newer detectors are currently being
fabricated at Rockwell.

Finally, the Modulation Transfer Function (MTF) should not broaden
the PSF by more than 10 per cent and intrinsic photometric accuracy to
better than 5 per cent should be achieved.

4.3 Internal and OTA Thermal Background

Given the overall design of the IR channel, particular care has been put
into minimizing the thermal background contribution to the detector
effective dark current and reducing the thermal load on the detector. As
mentioned earlier, this has been achieved in part by cooling the optical
bench and by designing a cooled, baffled camera head for the IR detector
and, in part by including a cold stop mask in the design. This latter
component greatly decreases both the thermal load and the effective
background coming from the instrument itself and its parts and from the
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HST OTA, meeting the goal of 0.2 electrons/sec/pixel in the H band with a
detector cut-off of 1760 nm, at the cost of a modest loss of throughput of
the order of 10%. Since the contribution to the background by the zodiacal
light is 0.23 electrons/sec/pixel in the H band, the instrument will meet the
goal of being near background (i.e. zodiacal light) limited in this passband.
A similar performance is achieved in the J band. The filter wheel is also
cooled to reduce the contribution to the background due to the potentially
high off-band emissivity of the filters.

4.4 Spectral Elements

The IR channel filter wheel will have 18 available slots that will
accommodate 15 passband filters, two grisms, and a blank position. The
filter complement, which has been recommended by the SOC with broad
community input, covers the extended range 800 nm to 1900 nm and
includes broad-band filters, medium-band filters centered on molecular
lines and the nearby continuum, and narrow-band filters probing
interstellar diagnostic lines. Table 5 lists the name and the main
characteristics of the IR spectral elements.

The J and H filters have conventional values of the central wavelengths
for these passbands, namely 1250 and 1600 nm; however, although the
J-band filter has a width comparable to that of a typical passband used in
ground-based cameras, the width of the H-band filter has been modified to
better fit the specific quantum-efficiency curve of the detector. Specifically,
the H filter is narrower to limit thermal background and to have its
transmittance define the effective bandpass at the red end rather than the
detector quantum efficiency. This arrangement minimizes photometric
instability due to variations in the detector’s characteristics (e.g. induced by
temperature fluctuations). The two grisms will provide WFC3 with the
ability to take slitless spectra of sources at a resolving power of about 140
in the wavelength range 1100 to 1700 nm, and of about 200 in the 900 to
1100 nm range.

4.5 Operating Modes

The IR array is read in MULTIACCUM mode, i.e. by performing up to
16 unevenly spaced, non-destructive reads during the integration (the
zero-read plus anther 15). On-orbit experience with NICMOS shows that
this is a very effective read-out mode, able to both reduce the effective
read-out noise and correct for most cosmic-ray hits. Many IR observations
are expected to make use of sub-pixel dithering to improve the PSF
sampling, and suitable dithering patterns are included in the proposal
software tools and can be commanded by the observer. The IR channel also
supports sub-array readout modes to allow for the short integration times
required by bright targets (e.g. the HST standard stars and solar system
planets) and to reduce data volume.
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5. Observing with WFC3

5.1 Overview

When planning observations with WFC3, observers should carefully
evaluate the capabilities of the instrument and compare them to those of
other similar HST instruments to identify the best observational strategy
for their scientific goals. While such a comparison should include all
imagers on board of HST, ACS and NICMOS must receive particular
attention, because WFC3 intentionally provides redundancy of functions
with these instruments (to protect against failures that would compromise
HST’s imaging capabilities); however it also differs sufficiently from (in
fact, it largely complements) them that observers need to carefully consider
the relative capabilities to optimize their observations. Table 3 lists the
primary characteristics of the imaging science instruments that will be
onboard HST after SM4. The four factors to consider are area coverage,
resolution, wavelength coverage and throughput.

For some research programs, the choice of the instrument may be
dictated by the need of a particular spectral element, and in this regard
WEC3 offers great flexibility, since it features ample choice of broad-,
medium-, and narrow-band filters both at UV/optical and near-IR
wavelengths as well as a UV prism and two near-IR grisms for slitless
spectroscopy at low resolution (see Table 4 and Table 5 below).

For studies at optical wavelengths, the trade-offs to consider when
deciding between WFC3/UVIS and ACS/WFC are between pixel size, field
of view and, to some extent, throughput. WFC3 should be preferred when
angular resolution has higher priority over field of view. ACS/WFC has
~20% higher throughput than WFC3/UVIS around the center of the optical
window (see Figure 2), and hence it should be used whenever the highest
sensitivity at these wavelengths is crucial for the observations. However,
considerations of charge-transfer efficiency (CTE) should also be kept in
mind, since ACS will be at least two years old when WFC3 comes on line,
and the CTE of its CCD will have suffered some amount of degradation
due to radiation damage.

At UV wavelengths, WFC3/UVIS is the only imager on HST to offer a
large FOV coupled with high throughput. However, its spectral coverage
ends at 200 nm, while ACS/SBC and STIS/FUV-MAMA reach 115 nm
(STIS/NUV-MAMA reaches 160 nm) and also offer higher spatial
sampling (see Table 2 and Table 3). Thus, WFC3 will be the choice
whenever large field of view and coverage to the far-UV spectral range are
simultaneously required (e.g. multi-wavelength surveys). If observations at
extreme far-UV wavelengths are necessary or if the highest available
spatial sampling is a primary requirement, then ACS/HRC, ACS/SBC or
the STIS UV channels should be considered.
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At near-IR wavelengths WFC3/IR offers much larger field of view and,
generally, higher throughput over NICMOS. It also offers improved
effective sensitivity and ease of data reduction and calibration due to the
accurate pedestal subtraction made possible by the presence of reference
pixels. However, WFC3 sensitivity is limited to wavelengths bluer than
about 1700 nm, and WFC3 has larger pixel sizes than NIC1 or NIC2.

Table 3: . Primary characteristics of the HST imaging Science Instruments after
SM4. * Specification value. The detectors that are currently being tested have
read noise in the range 20-30 electrons.** This value includes the instrument
thermal background

Instrument Wavelength Range, Pixel Size, FOV,2 _Read-out noi_se Dark_ c1_1rrent,
nanometers arcse) arcse®) (single read), e" rms e’/pix/s
ACS/HRC 200-1050 0.026 26 x 26 5 0.003
ACS/WEC 350-1050 0.050 205 x 205 5 0.002
STIS/CCD 200-1050 0.050 52x52 49 0.003
NICMOS/CAM2 800-2500 0.076 19x 19 35 04
NICMOS/CAM3 800-2500 0.200 51x51 35 04
WFC3/UVIS 200-1000 0.040 x 0.040 163 x 162 4 <0.0056
WFC3/IR 800-1700 0.121x 0.135 123 x 137 15% <0.4%*

Finally, an important thing to remember is that the capability of the
HST-ground data link to support simultaneous operations of WFC3 and
ACS as well as possible solutions to increase its bandwidth are still being
evaluated as of this writing. Whether it will be possible to allow parallel
observations with these two instruments, therefore, is not known at this
time.

5.2 Spectral Elements

The spectral elements have been chosen to cover most scientific
problems, from color selection of distant galaxies to accurate photometry
of stellar sources to narrow-band imaging of nebular gas. The design of the
filters has been done with photometric accuracy and consistency with other
systems in mind (e.g. the WFPC2 and SLOAN photometric system).
However, the shape of the passband of some specific filters has been
designed for specific purposes, such as providing maximum throughput
(e.g. some UV filters) or matching the response of the detector to provide
photometric stability (e.g. the H band in the IR channel). Table 4 and Table
5 list the available passbands for the UVIS and IR channels and their
characteristics.
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Table 4: WFC3 UVIS Filters. The listed transmittance is the average of the filter
transmittance curve that is equal to or larger than half of the peak value.

Fname Description )\.(i&) FWHM (i\) Transmittance
Wide

F218W ISM feature 2175 300 0.30
F225W uv 2250 500 0.24
F275W uv 2750 500 0.30
F336W U, Stromgren u 3375 550 0.68
F390W Washington C 3900 1000 0.84
F438W WFPC2 B 4320 695 0.76
F555W WFPC2 V 5410 1605 0.80
F606W WFPC2 Wide V 5956 2340 0.87
F814W WFPC2 Wide I 8353 2555 093
F475W SDSS g 4750 1520 0.81
F625W SDSS r 6250 1550 0.89
F775W SDSS i 7760 1470 0.82
Very Broad

F850LP SDSS z 8320 2000 0.59
F350LP very broad 3500 0.95
F300X very broad 2775 0.35
F475X very broad 3800 0.83
F600LP very broad 6000 0.97
Medium

F390M medium blue 3900 200 0.79
F410M Stromgren v 4105 190 0.61
F467™™M Stromgren b 4675 230 0.75
F547T™M Stromgren y 5475 710 0.78
F621M 11% filter 6212 640 0.85
F689M 11% filter 6886 710 0.88
F763M 11% filter 7630 780 0.91
F845M 11% filter 8454 870 0.92
Narrow

F280N Mg 11 2795/2802 2798 42 0.18
F343N [NeV] 3426 3426 228 0.69
F373N [O 11] 3726/29 3732 38 0.76
F395N Ca Il H&K 3950 61 0.84
F469N He 11 4686 4686 32 0.67
F487N Hp 4861 4867 45 0.83
F502N [O III] 5007 5013 47 0.83
F588N He I 5876+Nal 5886 60 0.84
F631IN [O 1] 6300+[S II1] 6306 54 0.79
F645N Continuum 6455 82 0.78
F656N Ho 6563 6563 14 0.80
F658N [N II] 6583 6585 20 0.70
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Fname Description MA) FWHM (i\) Transmittance
F665N Redshifted (Ho +[N 6654 94 0.88
1))
F673N [S11] 6717,31 6731 77 0.75
F680N Redshifted (Ho+[N 6902 288 093
11§))
F953N [S II1] 9532 9532 64 0.37
Quads
F437N [O 111[4363 4368 26 0.64
F232N C1I] 2326 2326 36 0.10
F243N [Ne IV] 2425 2425 36 0.13
F378N Redshifted ([O 1I] 3780 80 0.78
3727)
F387N [Ne III] 3869 3869 26 0.67
F422M continuum 4220 108 0.61
F436N [O III] 4363+H 4364 30 0.65
F492N Redshifted HB 4924 78 0.84
F508N Redshifted [O III] 5081 112 0.33
5007
F575N [N II] 5755 5755 12 0.77
F672N [SII] 6717 6716 14 0.87
F674N [S 1] 6731 6731 14 0.63
F889N 25/km-agt 8890 89 0.34
F906N 2.5/km-agt 9060 91 0.85
F924N 0.25/km-agt 9240 92 0.81
F937N 0.025/km-agt 9370 94 0.81
F619N CH4 6194 6194 62 0.78
F634N 6194 cont.+ 6340 63 0.75
F727N CH4 7270 7270 73 0.73
F750N 7270 cont. 7504 75 0.74
G280 UV grism 2775 1850 0.40
F657N Wide Ho+[N III] 6573 94 0.83

F890LP flight spare 9930 2100 0.96
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Table 5: WFC3 IR Filters. The listed transmittance is the average of the filter
transmittance curve that is equal to or larger than half of the peak value.

Filter name Description A () FWHM (p) Transmittance
Broad-Band Filters 093
FO93W Instrument alignment 0.950 0.2000 0.92
F105W Wide z 1.050 0.3000 0.94
F110W Wide J 1.150 0.5000 0.96
F125W J 1.250 0.3000 0.94
F160W H short 1.545 0.2900 0.94
Medium-Band Filters

FO98M Blue Grism Ref 0.985 0.1700 0.92
F127M Water/CH_4 continuum 1.270 0.0700 0.88
F139M Water/CH_4 line 1.385 0.0700 0.87
F153M H_20 and NH_3 1.530 0.0700 0.88
Narow-Band Filters

FI26N [Fe 1] 1.259 0.0126 0.86
FI28N Paschen 1.284 00128 0.90
F130N Paschen f§ continuum 1.301 0.0130 092
F132N Redshifted Paschen 3 1.320 0.0132 0.81
F164N [Fe II] 1.646 0.0165 0.90
F167N [Fe II] - continuum 1.668 0.0167 091
G102 Blue High Res Grating 0.95 0.2500 0.71
G141 Red Low Res Grism 1.40 0.6000 0.73

5.3 WFC3 Sensitivity

WEFC3’s cameras (detectors, optical elements, and spectral elements)
have been designed to provide the highest possible sensitivity, while also
fulfilling the requirement of wide spectral coverage, extending from the
redder end of the far UV region to the bluer end of the near IR. As a result
of this design requirement, the sensitivity of WFC3 UVIS does not reach
the peak value of ACS/WFC in the R band, although it is still very high in
absolute terms and remarkably flat overall from 200 to 1000 nm,, because
of the trade-offs required to provide good sensitivity at UV wavelengths. At
near infrared wavelengths, WFC3/IR generally offers higher throughput
than NICMOS over the wavelength range in common (see Figure 2). Table
6 compares the sensitivity of both channels of WFC3 to that of the
analogous cameras of ACS and NICMOS.

At the time of this writing, development work is still being done on the
detectors of the IR channel. In particular, values for the detector read-out
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noise and quantum efficiency are subject to change. Figure 7 shows the
quantum efficiency of the current detectors of the two channels of WFC3 as
a function of wavelength. For the UVIS channel the curves of each CCD
are shown; for the IR channel the figure shows an average curve across the
array. The figure also shows, for a comparison, the QE specs requested to
the manufacturers by the WFC3 project. Table 6 lists a range of sensitivity
values obtained in one case under the assumption that the delivered
detector meets the original specification requirements, namely a read out
noise of 15 e- rms, and in the other case that the detector has read out noise
of 30 e- rms, labeled as "15" and "30", respectively, in the table (all cases
are single read; a reduction of the noise of a factor of 2 has been assumed in
both cases as a result of the adoption of the MULTIACCUM sequence).

Table 6: Summary of WFC3 performance compared to ACS-WFC and
NICMOS-NIC3.Columns 2 and 4 list the exposure time required to reach S/N=10
for a stellar and resolved source, respectively. Columns 3 and 5 list the limiting
magnitude (in the HST f, magnitude system) with S/N=5 in a 10-hr exposure (30
exposure of 20 minutes each have been assumed). An aperture of 0.5 arcsec
diameter has been assumed for diffuse sources. In all cases a spectral energy
distribution proportional to A~2 (in units of erg/sec/cmZ/A) has been used in the
calculation..

S/N=10 Limiting mag S/N =10 Limiting mag
Stellar Stellar, 10 hr Diffuse Diffuse, 10 hr
WEFC3 UVIS V=20, 1.6 sec V=283 V=20, 2.8 sec V=275
ACS WEC V=20, 1.1 sec V=29 V=20,20 sec v=27.7
WEC3 IR (15) H=20, 9.3 sec H=27.0 H=20,17.6 sec = H=26.3
WEC3 IR (30) H=20,17.1 sec H=270 H=20,33.0sec  H=26.0
NICMOS-3 H=20, 21 sec H=264 H=20, 21 sec H=264

The IPT maintains an exposure-time calculator (ETC) for both channels
that observers are encouraged to use to calculate exposure time and S/N
ratio for their proposal. The ETC can be found at the URL:

http://www.stsci.edu/instruments/wfc3/etc-list.html.

Note, however, that the ETC will be superseeded by a more general
software tool called the Astronomer Proposing Tool (APT) in 2003.


http://www.stsci.edu/instruments/wfc3/etc-list.html
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Figure 4: Integrated system throughput of WFC3 UVIS long pass, broad and
medium band filters. The curves include the HST OTA, WFC3 UVIS internal
throughput, the filter transmittance, and the QE of the UVIS detector.
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Figure 5: Integrated system throughput of WFC3 UVIS narrow band filters. The
curves include the HST OTA, WFC3 UVIS internal throughput, the filter transmit-
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tance, and the QE of the UVIS detector
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Figure 6: Integrated system throughput of WFC3 IR long pass, broad, medium,
and narrow band filters. The curves include the HST OTA, WFC3 IR internal
throughput, the filter transmittance, and the QE of the IR detector.
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Figure 7: The quantum efficiency of the detectors of WFC3. The continuous
curves show the measured quantum efficiency of the detectors currently adopted
as flight parts. For the UVIS channel, the curves of both CCD chips of the array
are shown, while the curve for the IR channel is the average of four quadrants of
the array. The dashed curves show the quantum efficiency specs requested to the
manufacturers by the WFC3 project (lower curves are the minimum, upper curves
the goal).
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