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SUITABLE FOR
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E. S. Kozlosky, D. H. Desrosiers, M. Glendening and L. Morelli
Fairchild Space Company
20301 Century Boulevard

Germantown, Maryland 20874

ABSTRACT

This paper presents the design and performance of an auto ranging optical sensor (AROS)
built for space applications and capable of measuring pulsed optical energy over a wide
range of pulse widths, energy levels and wavelengths. The AROS measures energy
densities over seven orders of magnitude to a maximum of 0.2 J/cm  and can withstand 12

J/cm  without damage. In addition to its intended use as a laser sensor in multi-sensor2

arrays on target satellites, the AROS is well suited for laboratory use in the measurement
and profiling of high-power laser beams.

INTRODUCTION

The design of a small, accurate, high-speed laser sensor capable of measuring high-energy
densities over a wide dynamic range presents some unique challenges. First and foremost,
the detectors used within the sensor must be capable of tolerating power levels that are
highly destructive. The sensor must convert, with high resolution, optical events that may
last from only a few nanoseconds to one microsecond. The AROS design, described in the
following section, meets these requirements. A summary of the key specifications of the
AROS is given in Table I, and a photo is shown in Figure 1.

DESIGN

A block diagram of the AROS is shown in Figure 2. The raw beam intensity is reduced to
a manageable level by an all metal, diffused gold-plated integrating cavity with a 1 mm
diameter input port. The interior walls of this high-energy black body attenuator diffusely
reflect the beam making the sensor insensitive to laser coherence and polarization (1). The
outputs of the attenuator are four 1 cm diameter ports in which neutral density filters are 



located. The attenuation factor of each filter is chosen such that each output is a factor of
sixteen from one port to the next. This approach yields four overlapping ranges of
measurable input energy covering seven orders of magnitude.

To convert the optical energy into an electrical current, a InGaAs photodiode is located at
each output port behind the neutral density filter. The output of each photodiode is fed into
a charge amplifier which produces a pulse whose peak value is proportional to the change
in charge at its input, and hence to the total energy density (J/cm ) of the pulse. The peak2

value of this pulse is then captured by the peak-hold circuitry. Automatic range selection is
achieved by comparing the four peak-hold outputs and routing the appropriate output to an
11-bit analog-to-digital (A/D) converter. As soon as the conversion is completed, the
analog circuitry is reset and the A/D output is latched into a tri-state bus driver along with
2 bits of range data. This 13-bit data word can now be retrieved on the tri-state parallel
output bus. An external Master Timing Module (MTM) generates the necessary control
signals to orchestrate the data acquisition and retrieval. Up to sixteen buses of sixteen
sensors each can be controlled by one MTM.

The analog circuitry also contains a signal detector which generates a trigger signal if the
laser pulse is above a predefined energy level. This signal may be used by the MTM to
initiate data conversion in one or more sensors.

The control logic is the interface between the MTM and the sensor’s analog circuitry. This
logic section contains a state machine which transforms the MTM’s command signals into
synchronous signals used for control of the data acquisition process.

Upon power up, the control logic is reset and armed to start processing laser pulses. In a
multi-sensor system, a predetermined number of sensors are selected as “trigger” sensors.
When these “trigger” sensors detect a laser pulse, each sends a trigger signal to the MTM.
The MTM then instructs all sensors to begin converting data. A “GO” pulse in conjunction
with a clock resets the state machine counter. Then, on successive clocks, the counter is
incremented. A read-only memory (ROM) driven by the counter generates the sensor
control signals as a function of time and internal and external status signals.

At a pre-programmed terminal count, the control logic is cleared and further counting is
disabled until the next “GO” pulse is received in conjunction with a clock. This has the
effect of a noise filter on the clock line.

Since the state machine algorithim is contained in ROM, control modifications are easily
implemented. This approach permits easy algorithim development and reduces parts count.
Two ROM mappings provide two distinct modes of operation. One is the “auto-ranging” 



mode which is utilized during normal operation, and the other is the “calibrate” mode
during which all four ranges are sequentially polled.

A “Sensor Configuration” connector sets the 4-bit binary address of each sensor via a hard
wired connector plug, allowing up to 16 sensors to be bused together. It also provides the
enable for each selected “trigger” sensor.

TEST

A prototype of the sensor electronics mated to the diffused gold-plated attenuating cavity
was tested using a Quantel International YG581C pulsed Yag Laser. The specifications of
the YAG laser are given in Table II.

The experimental arrangement is shown in Figure 3. The beam intensity was controlled by
neutral density (ND) filters (bulk absorption) of varying values. A filter pack contained
from 1 to 5 filters. An optical diffuser was used to even out the spatial distribution of the
beam energy. The sensor was aligned by eye with its optical axis parallel to the beam axis.
Since the beam center was a rather elusive quantity to define, the broad area where the
beam is fairly constant was used.

A computerized data acquisition system captured the results of a predetermined number of
laser pulses. This system utilized an IBM PC/AT driven by custom software.

Following laser warm-up, forty data sets of ten readings per set (spanning the sensor’s
dynamic range) were acquired. At any given energy level, the maximum variation in sensor
output for a data set was +/!2%. This can be fully attributed to the stability of the laser
beam.

A Laser Precision Corporation RJ7100 joulemeter with an RJP-735 probe was used to
relate the sensor’s output to the incident beam energy density in J/cm . When the2

maximum irradiance that the joulemeter could tolerate (1 Megawatt/cm ) was exceeded,2

neutral density filters were added in front of the joulemeter probe. The average value of
the beam energy density as measured by the sensor disagreed with the joulemeter
measurement by a maximum of 11% at high energy levels. This disagreement can be fully
attributed to the following four error sources. First, the larger input port area of the
joulemeter as compared to the sensor (~ 1cm  versus ~ 1mm ) resulted in a larger2   2

“sample” of the beam than the sensor. Second, the input port of the sensor was not
precisely machined, therefore the port area carries an uncertainty. Third, the additional
neutral density filters in front of the joulemeter heat up and change value at high energy
levels. Finally, the positioning of the sensor and the joulemeter was not precise.



A plot of the sensor transfer function shows the measured relationship between incident
beam energy and sensor output in terms of range and A/D counts (Figure 4). Analysis of
the data indicates a response linearity of +/! 1% (entirely attributable to beam stability and
repeatability), residual electronic noise of +/! 0.15% of full scale for each range, and
67.2 dB of dynamic range (35 nJ/cm  to 0.185 J/cm ).2   2

Cavity damage data was obtained by directly irradiating the interior of the cavity for 5
minutes at a repetition rate of 10 Hz and a beam irradiance of 177 mJ/cm . No damage was2

expected and none was observed. In a second test, the input port was irradiated for 40
seconds at ten pulses per second of 1 J/cm . No damage was observed.2

As a consequence of this last test, the detector for the most sensitive range was irradiated
at approximately 500 uJ/cm  (the cavity attenuation factor is approximately 2000).2

Additional testing was conducted to ascertain whether the detector had been damaged. No
degradation in performance was measured.   None was expected since preliminary tests on
a single detector had shown no apparent damage at a beam irradiance of 4 mJ/cm  for2

90 minutes.

A more accurate characterization of the sensor could be performed if the following steps
were taken. First, the sensor’s input port must be precisely machined and a pinhole of the
same area should be used in front of the joulemeter probe. Second, the sensor and the
joulemeter must be precisely positioned to measure the same spot on the laser beam.
Finally, the neutral density filters in front of the joulemeter must be replaced with a more
exact method of attenuation. Even with these improvements, precise sensor
characterization is not easily achieved due to error sources such as laser beam stability and
drift, and joulemeter detector responsivity (when not fully illuminated).

CONCLUSIONS

The results of this effort indicate that a high-energy pulsed laser sensor accurate to
+/!10%, linear to a few percent over 7 orders of magnitude, and capable of taking the
abuse of 100 MW/cm  instantaneous peak power without damage or degradation, can be2

built by using essentially off-the-shelf parts. Although tested at 1.06 um, the present
detectors can be used from approximately 800 nm to 1700 nm with little loss in
performance. The detectors can be easily changed for other wavelengths, and the analog
front end can be modified for lasers other than pulsed. The AROS’s small size, low
weight, low power consumption and bused output capability lends itself to space
applications for multi-sensor laser target satellites. On the ground, the AROS can be used
for similar purposes, and may prove to be a valuable laboratory instrument for laser beam
profiling and power measurements.
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Table I. AROS Specifications

PARAMETER SPECIFICATION

Measurable Energy Density 35 nJ/cm  to 185 mJ/cm
Dynamic Range 67.2 dB
Maximum Incident Energy Density 1.0 J/cm  (without damage)
Optical Wavelength 800 nm to 1700 nm
Optical Pulse Width 10 ns to 1 us

Maximum Repetition Rate 20 Khz
Absolute Radiometric Accuracy +/!10%
Resolution 0.1%
Output 13 bit parallel bus
Voltage +/!18 V, +7 V

Power 4.0 watts typical
Size 11.5 cm (W) x 12.1 cm (D) x 5.1 cm (H)
Weight 0.9 kg

2   2

2



Table II. YG581C Laser Specifications

PARAMETER SPECIFICATION

Beam Energy Density 1 J/cm
Beam Area (at AROS input port) 0.4 cm
Wavelength 1.06 um
Pulse Width 10 ns
Repetition Rate 10 Hz

2

2

Figure 1. The Auto Ranging Optical Sensor
(AROS) built by Fairchild



Figure 2. AROS Block Diagram

Figure 3. AROS Test Setup



Figure 4. AROS Transfer Function as determined
by testing with a YAG laser

 


