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BACKGROUND

The notivation for nmy thesis stens fromthe Magel |l an Project.
The Magel |l an Project’s purpose was to build two 6.5 nmeter optical
tel escopes which are now located in the Las Canpanas Observatory in
Chile. First light for these tel escopes occurred on Septenber 15,
2000, and since then research has been done on how to i nprove the
i mges that are produced fromthese tel escopes.

Adaptive Optics is one direction to look into for inproving
i mages on the telescopes. This technol ogy devel opment neasures and
corrects for optical effects fromthe Earth’s atnosphere. The idea is
that if the optical path length fromthe object to the view ng source
is the sane, then one woul d expect the inage produced fromthe
tel escope to be perfect. However, light nmust travel through the
at nrosphere and so is diffracted by wind and tenmperature gradients. 1In
order to correct for these effects, one can use a reference star as a
standard and correct for the inperfections in the atnosphere by
controlling the secondary mirror of the tel escope.

The sanple rate for the current Charge Coupl ed Devices used for
t he Magell an Tel escopes is two sanples per mnute. |In order to
conpensate for atnospheric conditions such as wi nd and tenperature
gradients that are found to change nore rapidly, a nuch faster sanple

rate i s needed. In addition, this new device nust have | ow noise for



two reasons. First, in order to correct for earth’s atnosphere, a
reference star needs to be established for calibration purposes. |If
data is being taken at a faster rate, the anpbunt of charge that is
allowed to collect on a pixel is greatly decreased. Thus, even for a
very bright star, sanpling at the faster rate will make it faint and
finding the centroid of the star becones a difficult task as the read
noi se approaches the magni tude of the data collected. Secondly, the
Charge Coupl ed Device used for detecting the atnosphere can al so be
used for collecting data on the object under observation. The Mgellan
tel escopes were built for the purpose for observing objects at the edge
of the universe (6.5 meter mirror is bigger than other tel escopes and
allows nore light to collect). Since these imges will be very faint,

| ow read noi se becones very inportant in inproving the imge.

RESEARCH TECHNOLOGY

New t echnol ogy has been devel oped to inprove on detecting
lowlight-level signals for Charge Coupl ed Devices (CCD). Robert
Rei ch from Lincoln Labs has fabricated a Charge Mdul ati on Devi ce
(CVD) grown fromthe buried-channel silicon region of a CCD
This device allows better detection for |owlevel signals because
it anplifies the output by lowering the effective capacitance of
t he devi ce.

The currently docunented performance of this device is
under a 60 Khz sanpling rate. It also uses the Correl ated Doubl e

Sanmpling (CDS) technique to get rid of the reset noise, the



primary source of on-chip noise. Reset noise is a floating
voltage that is present when even when the device is off, caused
fromthermal noise and the non-zero resistance of the reset FET
To correct for this error, a sanple is taken after the reset
(i.e. before charge is allowed to collect) and after the charge
has been transferred. The difference between these two val ues
can correct for nost of the on-chip noise.

In addition, |owering the tenperature and sl ow ng the
sanpling rate are al so techniques that can be used to reduce

noi se on the out put.

PRQIECT TASKS

Al t hough the device as been devel oped, conputer sinulations
of the device inplies that nore changes are necessary to inprove
t he performance of the JFET anplifier. This work can be broken
down into two parts: fam liarization with and testing of the
current technol ogy, and research and devel opnent to inprove upon
the existing technology. The latter would include | owering of
the el ectron noi se through research technol ogy, testing of the
new design, and fabrication and incorporation of the optim zed
device to the Magell an Tel escopes.

My first task would be to conplete the | ow noise CCD
testing of the devices. Additional testing needs to be done at

the 60 KHz sanpling rate, in particular that of cold tenperature



conditions. | would have to becone fam liar with the CCD
el ectroni c equi pnent, test equi pnent, and data anal ysis software
that are currently used in Lincoln Labs. 1In addition, the
previous testing of the device used the CDS to correct for reset
noi se. Experinentation with other techniques, for exanple, Dua
Sl ope Integration, may further decrease the read noise.

My second task is to optimze performance of these | ow
noi se CCD at a slower sanple rate. It is expected that these
devi ces are capable of running at | ow speed with | ower noi se.
Adaptive optics research believes that 30 sanpl es per second is
an appropriate frequency for sensing differences in the
atnosphere. | will test the devices under slower frequencies and
try to minimze the noise at these frequencies. This requires
nodi fyi ng the out put band pass filters and optim zing the timng

the sanpl e pul se on the standard signal

FUNDI NG

The Spring 2001 URCP will probably be funded through the
Mar bl e Adaptive Optics account. Funding for work done this
sunmer still needs to be investigated. Current potential sources
i nclude funding fromthe Space Grant Consortiumor an RA

position. Professor Schechter said that | could probably get one



senester funded through an RA position. | will either TA or find

anot her RA position for the other senester.

Rl SKS

This project is a collective effort, which adds to the
conmplexity. Adaptive optics is the neasurenment and correction
for effects of the Earth’s atnosphere. M/ project deals with
neasur ement of the atnosphere while another thesis student wll
deal with the correction part. Since our efforts can be devel oped
i ndependently, no problens seemto be present at the current
time. | will be neeting with this student in the near future to
di scuss our roles and possibility of potential problens.

Adaptive optics is a fairly new field, nmaking nost of its
t echnol ogi cal devel opnent in the | ast decade. Thus, the actua
i nstrunental success with adaptive optics is small. Wile
success of ny objective in finding optiml conditions for
| owering the read noise of the CCDs is favorable, the overall aim

of the adaptive optics project may fail.

TI MVE LI NE

I plan to UROP eight hours a week in Spring 2002 at Lincoln

Labs. This is primarily so | can famliarize nyself with the



equi pnent as well as begin the characterization of the CWD.
During Sumrer 2002 | will continue the work full tinme at Lincoln
Labs and finish characterization of these devices as well as
begin research on how to decrease the el ectron noise for the 30
kHz sampling. By Fall of 2002, | aimto conplete and test the
new design. During the Spring of 2003, | plan on witing ny
thesis. If all goes well, there m ght even be opportunity for ne
to visit the Magellan Tel escopes in Chile to see the results of

this thesis.



