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Abstract.
WFC3 is a fourth-generation instrument installed on HST in May 2009. De-

signed as a panchromatic camera, it features both a UVIS and an IR channel, se-
lectable via a channel select mechanism (CSM), allowing sequential imaging. Both
detectors are performing well on-orbit and are now in standard science operations.
This poster presents some of the UVIS detector highlights as well as remaining issues
being addressed.

1. Introduction

The WFC3 UVIS detectors consist of two 2Kx4K e2v thinned, back-illuminated devices,
separated by about 35 pix or 1.4.”. The field of view is 160”x160”, with a spectral range
of 200-1000 nm. The CCDs reside in a hermetic package which includes a vent tube to
provide for outgassing and a thick housing wall to provide radiation shielding. Four 2-stage
thermo-electric coolers (TECs) cool the inner radiation shield and window while a 4-stage
TEC cools the CCDs to -83C. Figure 1 shows a photo of the UVIS detector package before
integration into the instrument.

Figure 1: UVIS detector package.
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The chip design includes a charge injection feature to provide a mechanism for mitigat-
ing the charge transfer e!ciency degradation which will occur on-orbit. Standard operations
for WFC3/UVIS is to read out the full-frame via four amps with serial physical and virtual
overscan regions and a parallel overscan area; binning or subarray readouts are available
options. Figure 2 illustrates the chip layout.

Figure 2: WFC3/UVIS CCD readout configuration.

The devices exhibit low readnoise (about 3e-) and dark current (about 3e-/hr in 2010);
the gain is about 1.6 e-/DN. The 16-bit A-to-D converter provides an ADC maximum of
65535 with a full well is 63,000-72,000 e-. The chips are photometrically linear to 1% up
to 100x saturation (chip 2), somewhat less in chip 1 (about 15% low at 100x full-well) but
it appears to be correctable to 2%. The cosmetics of these devices is excellent: less than
0.05% of the science pixels are dead; pixels deviating more than 10% from the average QE
comprise less than 0.2% of the chips.

2. Quantum E!ciency

The QE as measured in ground tests was excellent and particularly high in the UV (solid
lines, Figure 3). On-orbit data have shown that the total integrated throughput is even
higher than expected, by 5-20% (UVIS) and by about 20% (IR); the dashed lines in Figure
3 are the resulting QE if the entire gain is due to QE though it is likely other instrument
components are contributing as well (Kalira et al., 2009).

An example flatfield is shown in Figure 4. The minor vignetting at the lower left is an
artifact of the ground test optical stimulus. The large wedge-shaped feature, with vertex
originating in the lower right quadrant and flaring out to the upper left into the other
quadrants is an expected result of reflections between the windows and the detectors, which
are positioned at a 20 deg angle to each other. On-orbit low-frequency corrections to the
flats (about 1-5%) are in progress; an initial alpha release of new flatfields are available on
the main STScI WFC3 web page 1.

1alpha releases of flatfields and other calibration files are available from http://www.stsci.edu/wfc3
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Figure 3: QE curves for UVIS.

Figure 4: UVIS flatfield at 600 nm, shown with a 10% stretch.

3. Radiation Damage and Mitigation

The low-earth orbit radiation environment is slowly degrading the performance of the WFC3
CCDs as energetic particles damage the silicon lattice of the detectors and form charge traps.
As a result of this damage, hot pixels increase, the charge transfer e!ciency (CTE) declines,
and the median dark current grows over time (at the rate of about 0.5 e-/hr/pix/yr).
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Figure 5 illustrates the gradual on-orbit increase in the number of hot pixels. Each
vertical line represents an anneal procedure, where the chips are warmed to 20C; the heating
process repairs a large fraction of the hot pixels, giving the plot its characteristic saw-tooth
shape. About 1000 new hot pixels are generated every day; the anneal repairs between
80% and 90% of those but a small portion remain hot and accumulate over time. Frequent
superdarks are generated for use in the calibration pipeline and can provide some correction;
any residual hot pixel e!ects can be mitigated by dithering observations (Dahlen et al. 2010).

Figure 6 illustrates the charge transfer ine"ciency as measured via the EPER (extended
pixel edge response) method. Approximately once a month, a set of flatfields are taken with
the internal lamp using a special readout format which provides a significant number of
extra overscan rows. Any traps in the CCD will cause a fraction of the flatfield charge to be
captured and trail out later into the overscan during readout, appearing as deferred charge.
An evaluation of the charge in this tail provides a means of tracking the relative CTE
degradation, typically plotted as (1-CTE) versus signal level in the flat. Each line in the
Figure represents the results from a monthly EPER measurement; the slope has remained
stable but as expected, the intercept (CTI) is slowly increasing. The EPER analysis is
primarily useful for tracking the relative changes in CTE; for calibrating CTE e!ects on
an absolute scale and determining the impact to science targets, external observations are
necessary; these are being acquired as part of the standard calibration plans.

Figure 5: Percentage of hot pixels (dark current higher than 54 e-/hr) as a function of time.
About 1000 new hot pixels appear each day; the monthly anneal procedures (vertical lines
help repair 80% to 90%.

To mitigate CTE, the WFC3 chips have a charge injection (CI) capability. E!ectively
an ”electronic preflash”, CI fills the radiation-induced traps; based on ground tests, the
additional noise due to CI is only 15 e- rms for 10,000 injected electrons, considerably
lower than the Poissonian noise from an optical pre- or postflash image. CI is expected
to be made available as an option to observers once the CTE degradation becomes more
significant, probably in 2011 or 2012.

4. Low Level Image E!ects

Several low level e!ects are present in the WFC3 UVIS images: potential slight decrease in
QE (hysteresis), crosstalk, and fringing.



WFC3/UVIS Detectors: On-orbit Performance 529

Figure 6: Charge transfer ine!ciency (1-CTE) vs signal level. Each line represents the
results of a monthly extended pixel edge response (EPER) measurement; the intercept
increases over time as CTE decreases.

Figure 7: Ratios of internal flats. At left is the ground based ”bowtie” (about 0.2% feature),
at right is the on-orbit pattern which is successfully quenched.

The hysteresis was first detected during ground testing, when occasional images showed
a ”bowtie” pattern (at left in Figure 7) or sometimes spots where targets had been located
in previous images. The levels of the features at the operating temperature of -83C were
low, usually 0.1% to 0.2%. Tests performed on WFC3-like devices in the Goddard Space
Flight Center Detector Characterization Lab (DCL) were able to reproduce a similar e"ect,
a small reduction in QE, by cooling the CCDs without illumination. Furthermore, the
lab tests revealed that 1) a uniform QE deficit could be present after cooling (i.e., no
characteristic bowtie shape thus making it more di!cult to detect), 2) the QE of the chips
could be completely restored by ”flashing” the devices with a saturated flatfield, and 3) the
restoration, or pinning, of the QE remained e"ective for days.

On-orbit, the internal lamps are used to regularly supply the pinning exposure. Mon-
itoring of the QE levels has shown evidence of slightly lower QE immediately after the
detectors are cooled following the monthly anneal procedure. However, the pinning expo-
sure performed as part of the anneal, before any science data are acquired, successfully
quenches the e"ect; frequent monitoring between anneal procedures shows no evidence of
hysteresis (Figure 7; see also Baggett and Borders, 2009).

Common in devices where more than one chip section is read out simultaneously,
crosstalk (CT) is also seen in the WFC3 images. In the case of the UVIS channel, a
target in one quadrant generates a negative mirror image in the other quadrant within the



530 Baggett et al.

same chip (i.e., the CT does not cross chips). The CT is linear and low level, about 7x
10-5 to about 1x 10-4 and can be corrected in post-readout image data processing. Such a
correction may be added to the calibration pipeline.

Finally, we note that as back-thinned CCDs, the chips also exhibit fringing caused
by multiple reflections between the layers of the CCD detector. The amplitude of the
fringes is a strong function of the silicon layer thickness and the spectral energy distribution
of the light source. Apparent mostly at wavelengths longward of 700nm, the amplitude
with monochromatic input increases gradually with wavelength, and can reach levels higher
than 50% at the longest wavelengths (Wong, 2010 as well as Wong, this conference). The
fringing amplitudes will of course be a strong function of the target spectrum. For example,
continuum sources in broad filters will e!ectively smooth out fringing e!ects but that same
filter can show strong fringes when illuminated by sources with strong spectral lines or SEDs
much narrower than the filter bandpass. For sources with SEDs similar to the calibration
lamp, the fringes can be corrected by the flat-fielding process; the fringe pattern has been
shown to be very stable, as long as the wavelength of light on a particular part of the CCD
stays constant, so fringing can be corrected if an appropriate flat field is available. Tools
for correcting fringing are under development.

The on-orbit geometric distortion calibration is obtained from observations of theLarge
Magellanic Cloud (LMC). Measured star positions are compared to those in the LMC
standard astrometric catalog(derived from ACS/WFC observations) to obtain distortion
coe"cients. The distortion induced by the WFC3 optics is significant, elongating pixels
by about 7% and varying the projected pixel area by about 7% over the FOV, a!ecting
positions and photometry (see Kozhurina-Platais et al., 2009, as well as Kozhurina-Platais
et al., this conference).

Shown in Figure 8 is the residual distortion map for both chips: the accuracy of the
calibration is such that the boundaries of the mask used for photolithography during the chip
manufacture are evident. The size and direction of the vectors indicate the magnitude and
direction of the residual; the longest vector is 0.08 pix (UVIS1) and 0.05 pix (UVIS2); the
scale is magnified 2000x. Discontinuities between the vectors coincide with the lithographic
edges (red lines) as measured from flatfield images. The pattern is e!ectively removed by
the pipeline flatfields.

5. Conclusions

The WFC3/UVIS detectors have shown excellent performance on-orbit, with low readnoise
and dark current, superb QE particularly in the UV, great cosmetics, and extraordinary
linearity even well beyond saturation. The astrometric solutions are of su"cient accuracy
that the lithography pattern used during the chip manufacturing process is clearly evident
in the solution residuals. Radiation damage is causing increased number of hot pixels
though these can be controlled to some extent by regular anneals. The on-orbit radiation
damage is also slowly increasing the dark current and degrading the CTE; charge injection
will be a future option for mitigating the latter. Finally, some low-level e!ects remain,
such as crosstalk or fringing, though these are generally calibratable; hysteresis is being
well-controlled via periodic pinning exposures.
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Figure 8: Geometric distortion residuals.
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For further information:

http://www.stsci.edu/hst/wfc3

http://wfc3.gsfc.nasa.gov


