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QUOTA-A Prototype Camera for the WIYN One-Degree Imager

George Jacoby, Steve Howell & Daniel Harbeck

prototype camera for the WIYN One-Degree Imager (ODI).
QUOTA utilizes four OTAs (8K x 8K pixels), giving it a
16 x 16-arcmin field of view at the WIYN 3.5-meter telescope with
0.11 arcsec pixels (figure 1). ODI builds upon QUOTA by using
64 OTAs.

The Quad Orthogonal Transfer Array (QUOTA) camera is the

Figure 1: QUOTA on the WIYN 3.5-meter telescope (covers
removed) showing the Dewar (blue), the MONSOON controller
(white/bronze). The new infrared imager WHIRC is mounted to the
right of QUOTA.

QUOTAS focal plane is comparable in size to that of the NOAO
Mosaic cameras, and QUOTA can use the Mosaic filters. However,
QUOTA is far more complex than Mosaic due to the unique design
and capabilities of the OTA detectors. For example, QUOTA has 256
CCDs instead of Mosaic’s 8 CCDs, and QUOTA reads out through
32 data channels in 30 seconds instead of Mosaic’s 8 (or 16) channels
in 150 seconds. QUOTA also provides its own guiding and focusing
functions using the science CCDs, and it offers the special ability to
obtain photometry at rates up to 30 Hz.

QUOTA’s 2008 visits to the WIYN telescope included nine T&E nights
of mixed weather conditions, but these nights still yielded enough on-
sky observing time to be useful for proving the technology to be used
in ODI and testing OTA observing techniques.

Each OTA is a 4K x 4K sensor made up of 64 nearly independent CCD
“cells” of roughly 500 x 500 pixels (12 microns each). An array of logic
circuits on the OTA provides the pathways to control and read out a
subset of the CCD cells. One can read up to eight CCD cells quickly
(30 Hz) to obtain guide star and centroid data, while the remaining
56+ cells continue to integrate like a normal CCD. In addition, the
pixel structure of the CCD cells allows the charge within the pixels

to not only be shifted up and down, as in a normal CCD, but also left
and right to follow the image motion of the scene being observed—all
while integrating. The WIYN OTAs were designed by Semiconduc-
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tor Technology Associates (STA), in collaboration with MIT Lincoln
Laboratory and PanSTARRS, and fabricated at Dalsa in Toronto.

QUOTA has four thick OTAs rather than the originally envisaged
thinned OTAs due to delays in delivery of thinned devices. The
primary negative with thick CCDs is that they have relatively low
sensitivity, especially in the blue and ultraviolet (UV). However, they
are robust against fringing in the red, relatively easy to obtain, and
cheap. In order to provide some UV sensitivity, one device is coated
with a material called Lumigen, which will “upconvert” UV photons
into green ones that a thick device can see.

A look through QUOTA’s Dewar window (i.e., its two-element correc-
tor) in figure 2 reveals four OTAs. A dark mask within the blue outer
housing reduces scattered light. The mask is behind the two-element
corrector, which is essentially invisible here, thanks to the excellent
quality of the antireflection coating applied by Infinite Optics. Within
the mask, the four OTAs are visible. The upper right device with a
yellowish cast has the Lumigen coating. In this photo, the other three
appear to produce colorful diffraction patterns, but normally the thick
OTAs simply look like reflective aluminum. (A light sensor that looks
like a mirror is a bad thing! Detectors should be black if they are

Figure 2: The QUOTA Dewar.
continued
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QUOTA continued

collecting photons.) The silvery cylinder on top of the blue box is the
Cryotiger cooling head.

QUOTA uses a 32-channel NOAO MONSOON controller specifically
tuned for use with QUOTA. It can collect data from four OTAs, having
up to 3-4 guide stars per OTA, at guide rates from 1 to 30 Hz. Once ini-
tialized, the system is as robust as any camera currently in operation on
Kitt Peak. Guide stars are selected manually by pointing to them in an
image display. For ODI, an automated approach will be necessary be-
cause observations may require 100-200 guide stars. A real-time video
is available to view the guide star data, complete with a quick analysis of
the flux and point spread function (PSF) for each star.

QUOTA also provided us with a way to develop techniques for
fabricating the 400-millimeter-square filters needed for ODI. We
purchased a set of five filters for use with testing QUOTA: Johnson U
and Sloan g, 1,1, and z.

QUOTA on-sky testing achieved several accomplishments of interest
to the development of ODI. One of these was the demonstration of
observing tool (OT) guiding. During a period of poor telescope track-
ing and with the telescope guiding turned off, we were able to illustrate
the effectiveness of fast guiding. One of the OTAs was enabled for
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Figure 3: A sample QUOTA observation of an open cluster.
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Demonstrates 30% improvement in FWHM by correcting for
telescope tracking error (unusual for WIYN)

Figure 4: A comparison between fast guided and unguided OTAs when the telescope tracking was not in use.
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Guided Region
FWHM as function of distance from guide star
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Demonstrates 15% improvement in FWHM by correcting
locally for atmospheric motion

Figure 5: A comparison of image quality for stars as a function of distance from the guide star.

Stor 4 Star 5

st F T

ok

| | \ . . . | . \ |
0 2x10% 4x10° sx10” ax10° 3 z2x10° 4x10? &x10° gx107
Star 4 / Star 5

o
o

relati\g flux
=
T

=
w
T

5x10% 6%10° 7x10 &x10% 9:10°

Time (msec)

Figure 6: The two upper panels show the flux history for two guide stars. The lower panel
shows the ratio of the upper left star to the upper right star. Notice how the large variations in
the raw fluxes cancel almost completely.
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tip/tilt correction while the other three were not. Figure 3 shows the
four OTAs with one cell used for a guide star test (the black square at
bottom middle). Figure 4 illustrates that the correction completely
removed the telescope motion errors and produced a nice round
image. Figure 5, made from the same data, shows the PSF varia-
tions as a function of distance from the guide star. Clearly, the tip/
tilt correction removed atmospheric effects (non-coherent errors) as
well as the telescope drift problem. Our long-standing argument, and
the fundamental design concept for the use of OTAs in OD], is that
atmospheric motions decorrelate beyond distances of ~3 arcmin from
the guide star (which is why just using a tip/tilt tertiary will not work
for a wide-field instrument like ODI).

We were also able to test the use of QUOTA for high-speed photom-
etry. We have obtained numerous data sets with multiple guide stars
(up to 10 at a time). The guide star software automatically gener-

ates real-time flux measurements for each star at each guide cycle.

By dividing the flux ratios among the stars, relative photometry is
immediately available. An example is shown in figure 6. This time
series was taken in 3-arcsec seeing (yikes!) of 11-12 mag stars with
1-second cycles. The simple real-time high-speed algorithms of the
MONSOON-based photometry routines yield better than one percent
relative photometry.

Even better results can be gained by going back to the original data
and using more sophisticated photometry software. A section of a
time series for 10 stars looks like that shown in figure 7. Each guide
star is shown along a horizontal row. Some are bright, while others
are very faint. The coherent wandering due to wind buffeting on this
particular night is easy to see.

Preliminary reductions of QUOTA data show that a dithered
sequence can be combined effectively to provide a good clean
image. A sequence of 10 g’ and 10 r’ images (120-second expo-
sures) of M15 were processed to produce a two-color image. In
figure 8, three fourths of the QUOTA field (about 12 arcmin on a
side) is shown. Notice that the bright star in the lower left has a
blue ghost image. This is due to the fabrication method for these
developmental filters. To eliminate these ghosts, ODI filters will
be built from a single, thick substrate instead of four to five thin,
laminated segments. In figure 9, several background galaxies are
easily seen. The telescope was not guided and OT correction was
turned off for these data. Therefore, images are not quite as sharp
as possible, although these data have a delivered image quality of
0.8-0.9 arcsec.

As a prototype camera, QUOTA has provided invaluable lessons

as WIYN moves into the final stages of construction of ODI. The
past three years of testing with QUOTA have unveiled many of the
potential traps that we might have fallen into with ODI, and we have
identified and implemented solutions in each case. By going to the
telescope, QUOTA forced the astronomers to focus on its operation
and data, something that sitting in the lab never seems to achieve.
Consequently, QUOTA has accomplished many achievements toward
ODI. These include advances and better knowledge in the areas of
detectors, optics, software, and operations. QUOTA has fulfilled its
mission and no further testing is planned. A much more detailed pre-
sentation of the accomplishments and operations of QUOTA is given
at www.wiyn.org/ODI/QUOTA_NL_article.pdf.

The development of QUOTA was supported in part by NSF/AST
grant 0352979.

Figure 7: The raw image data for a 10-star time series—time runs
from left to right.

Figure 8: A composite g’ and r’ image of M15.

Figure 9: A close-up of the left side of the M15 cluster.
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