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Abstract

Processes requiring a precise surface temperature distribution to regulate a chemical reac-
tion or designate a thermal pattern are dependent on accurate heating methods. In such
systems. an active surface temperature control system is necessary. Due to faster computer
controlled data acquisition systems and improving thermal sensing techniques, closed-loop
temperature control is emerging as a viable option in controlled processing. To this end,
a scanned laser heating system with multiple point closed-loop control has been designed
and tested for thermal pattern and uniform temperature surface heating.

The first phase of this thesis involved building a large infrared display system for infrared
scene generation. A thermal pattern is generated to simulate the infrared radiation seen by
heat seeking devices and infrared detectors. The objective of this project was to create a
600 mm x 600 mm dynamic image display with spatial resolution on the order of 5 mm.

The actuation of the heating for the infrared display system is produced by three con-
tinuous wave CO, lasers raster-scanned over a thin Kapton screen. Rapid modulation of
the laser coordinated with the scanning produces a pixilated heated image that emits in-
frared energy. An infrared camera provides the surface temperature measurements required
for closed-loop control. The infrared display system is divided into a background heating
system that covers the entire screen and simulates environmental IR and a hotspot heating
system that covers a 100 mm x 100 mm square subwindow and simulates a target. Tem-
peratures in the hotspot region can reach up to 150°C while the background temperatures
vary from 25-30°C. The display system runs at 0.25 Hz frame rate simulating changing
environmental conditions and a moving target.

The second phase of the research examined the use of scanned laser heating with closed-
loop control for maintaining a uniform surface temperature during manufacturing processes.
Many manufacturing processes require a uniform surface temperature given non-uniform
cooling and process conditions. One such technology is Rapid Thermal Processing (RTP)
in which a chemical reaction is induced on the surface of a single wafer by a rapid heating
and cooling process. A uniform temperature surface is required to avoid thermal stresses
and non-uniform properties on the wafer.

The hotspot heating system from the infrared display was augmented with an improved

control system to make a high accuracy uniform surface temperature controller. The test
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