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A microprocessor-controlled lighting
system generates brief, precisely timed,
high-intensity flashes of light for scien-
tific imaging at frame rates up to about
1 kHz. The system includes an array of
light-emitting diodes (LEDs) that are
driven in synchronism with an exter-
nally generated timing signal (for exam-
ple, a timing signal generated by a video
camera). The light output can be varied
in peak intensity, pulse duration, pulse
delay, and pulse rate, all depending on
the timing signal and associated exter-
nally generated control signals.

The array of LEDs comprises as many
as 16 LED panels that can be attached
together. Each LED panel is a module
consisting of a rectangular subarray of
10 by 20 LEDs of advanced design on a
printed-circuit board in a mounting
frame with a power/control connector.
The LED panels are controlled by an
LED control module that contains an
AC-to-DC power supply, a control

board, and 8 LED-panel driver boards.
In prior LED panels, the LEDs are
packaged at less than maximum areal
densities in bulky metal housings that
reduce effective active areas. In con-
trast, in the present LED panels, the
LEDs are packed at maximum areal
density so as to afford 100-percent ac-
tive area and so that when panels are
joined side by side to form the array,
there are no visible seams between
them and the proportion of active area
is still 100 percent. Each panel pro-
duces an illuminance of ≈5 × 104 lux at
a distance of 5⁄8 in. (≈1.6 cm).

The LEDs are driven according to a
pulse-width-modulation control scheme
that makes it safe to drive the LEDs be-
yond their rated steady-state currents in
order to generate additional light dur-
ing short periods. The drive current
and the pulse-width modulation for
each LED panel can be controlled in-
dependently of those of the other 15

panels. The maximum allowable dura-
tion of each pulse of drive current is a
function of the amount of overdrive,
the total time to be spent in overdrive
operation, and the limitations of the
LEDs. The system is configured to limit
the overdrive according to values spe-
cific to each type of LED in the array.
These values are coded into firmware to
prevent inadvertent damage to the LED
panels.
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In a test at a frequency of 172 GHz,
the amplifier was found to generate an
output power of 7.5 mW, with approxi-
mately 5 dB of large-signal gain (see Fig-
ure 2). Moreover, the amplifier exhib-
ited a peak small-signal gain of 7 dB at a
frequency of 176 GHz. This perform-
ance of this MMIC single-stage amplifier
containing only a single transistor repre-
sents a significant advance in the state of
the art, in that it rivals the 170-GHz per-
formance of a prior MMIC three-stage,
four-transistor amplifier. [The prior am-
plifier was reported in “MMIC HEMT
Power Amplifier for 140 to 170 GHz”
(NPO-30127), NASA Tech Briefs, Vol. 27,
No. 11 (November 2003), page 49.]

This amplifier is the first heterojunc-
tion-bipolar-transistor (HBT) amplifier
built for medium power operation in
this frequency band. The performance
of the amplifier as measured in the
aforementioned tests suggests that
InP/lnGaAs HBTs may be superior to
high-electron-mobility (HEMT) transis-
tors in that the HBTs may offer more
gain per stage and more output power
per transistor.
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