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located nearby the strips. That is readily accomplisned by the use of VLS
technology. Two different CMOS IC chips have been custom designed and
prototyped for the GLAST tracker. The first is a mixed analog-digital chip
that includes 64 amplifiers and discriminators, digital circuitry for control,
calibration, data buffering and readout, DACs for calibration and threshold
settings, and differential drivers and receivers for communication. The
second is a digital chip that acts as an interface between 25 amplifier chips
and the data acquisition system.

One principal goal that has been realized in the GLAST tracker technology
development program is the design and prototype testing of miniaturized,
low-power, low-noise readout electronics. The circuitry fits into a 3-mm
gap along the sides of a tower module and includes sufficient redundancy
that any single chip can fail without affecting the readout of the remaining
channels. The readout is fast enough, with sufficient buffering, that events
can be accumulated at rates exceeding 1 kHz with negligible dead time.
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Prototype amplifier-discriminator chips have been tested with 30-cm detector
strips in particle beams. The detection of single minimum ionizing electrons
was demonstrated to be >99.9% efficient with athreshold sufficiently high to
ensure a noise level of much less than one noise hit per trigger in 10,000
channels. This performance allows implementation of smple self-trigger
algorithms for the tracker. The power consumption of the amplifier-

Detall of the grid structure that
supports the tracker towers.

In electron and photon beams in 1997.

program used in the design of the GLAST instrument.
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Photograph of a tracker “tray”,
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Base to tray transfer functions predicted by Matlab model
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The mechanical structure of the tracker towers must withstand a Ddta-ll frequency(Hz)

launch while protecting the detectors and el ectronics and maintaining accurate
aignment. The design, illustrated above, is based upon a stack of detector
"trays." Each tray has detectors on the top and bottom and electronics along
two opposing sides. Alternating trays are rotated by 90 degrees with respect
to each other. Each gap between trays thus has an x-y pair of detectors facing
each other and separated by about 2 mm. The trays are of a very rigid
lightweight composite construction.

A mechanical prototype tower with 10 trays was constructed from
aluminum and carbon composites to validate the design and construction
techniques. It was vibration tested to the levels required for a Delta-ll
launch. Measurements made during the testing were shown to agree well
with predictions of computer models, thus validating the techniques being

used to design the GLAST tracker structure. structural carbon fiber materials for the walls.

The GLAST tracker is cooled by passive conduction of heat from the
electronics down the tower walls and into the grid support structure. Heat
pipes in the grid then carry the heat to radiator panels on the spacecraft's
periphery. Thermal simulations have shown that the required maximum
temperature gradients in the tower can be readily met by the use of

mounted on the edge, with 1600
amplifier channels. One 32-cm
“ladder” of S-strip detectors is
mounted on the top surface. Four
more such detector ladders will
mount on the top face, and five
will mount on the bottom face,
connected to electronics on the
opposite edge.

Prototype trays of aluminum construction have been built for use in the
engineering prototype tower, which will be tested in electron and photon
beams in late 1999. The photograph above is of atray outfitted with fully
Work is beginning on
development of trays constructed from carbon composites, to minimize
scattering of the electrons, to minimize photon conversions in the structural
material, and for improved strength and thermal stability.

functional detectors and readout electronics.

GLAST UNDERSTANDING THE MOST POWERFUL ENERGY SOURCES IN THE UNIVERSE
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A small prototype tracker with 12 planes of silicon-strip detectors was tested
The angular resolution of
reconstructed photon conversions was measured for several configurations of
detector spacing and |ead converter thickness. In all cases the results were
In excellent agreement with predictions made by the Monte Carlo ssmulation



