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(57} ABSTRACT

A Bragg cell spectrum analyzer in which the output of
the Bragg cell is detected by a unique electro-optic
system which allows the selection of any desired dy-
namic power detection range. As is known in the art,
the output of a Bragg cell consists of a radiation spot
or spots along a line in which the position of each spot
along the line is related to the frequency of a compo-
nent of the input signal to the Bragg cell, and the in-
tensity of radiation of each spot is proportional to the
strength of the component causing that spot. In the
disclosed embodiment the output of the Bragg cell is
directed upon a cylindrical lens system which expands
each spot into a line of radiation. This results in a two
dimensional pattern of lines with the position of each
line being the same as the position of the radiation
spot causing the line, and the intensity of radiation in
each line being proportional to the intensity of radia-
tion in the spot causing that line. The two dimensional
pattern of radiation, consisting of spaced lines of radi-
ation, is directed through a stepped density filter onto
a two dimensional photodiode array. The photodiode
array is utilized to detect the position of each line,
which indicates the frequency of the input component
causing that line, and is utilized to detect the number
of photodiodes reaching saturation along the line,
which indicates the strength of the component.

7 Claims, 1 Drawing Figure
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1

ELECTRO-OPTIC SYSTEM WITH EXPANDED
POWER RANGE

BACKGROUND OF THE INVENTION

The dynamic power range of many electro-optic
systems is limited by the characteristics of current pho-
todetector arrays. For example, in the disclosed em-
bodiment wherein the electro-optic system is a Bragg

5

cell spectrum analyzer, the dynamic range of the Bragg 10

cell is over 50 dB, but the dynamic range of the photo-
diode array is limited to a 20 to 25 dB range in light
power, primarily because of residual noise in the
switching circuits which access the photodiode array.
The limitations on dynamic power range are further
complicated by the square law characteristics of the
detectors which result in the requirement of an output
electronic dynamic range of 50 dB to handle a 25 dB
range of input light power. Because of this require-
ment, an electro-optic system designed to fully utilize
the 50 dB dynamic power range capability of a Bragg
cell with a single photodetector array would require an
output electronic dynamic power range of 100 dB,
which, if at all possible, would be extremely difficult.

SUMMARY OF THE INVENTION

In accordance with a preferred embodiment, a sys-
tem is disclosed for measuring the intensity of radia-
tion. The radiation is formed into a line and directed
against a stepped density filter which varies the inten-
sity of the radiation along the line to allow a substantial
portion of the radiation in the line to pass at one seg-
ment along the line and to allow less and less radiation
to pass at other segments along the line. The stepped
density filter has a predetermined function from seg-
ment to segment such that the variation in intensity of
the radiation caused by the stepped density filter as-
sumes that same predetermined function. A linear
array of photodetectors is positioned to detect radia-
tion passed by the stepped density filter. The intensity
of the radiation is determined by detecting the number
of detectors in the linear array which receive radiation
above a given threshold level.

Further, in accordance with one disclosed embodi-
ment of the invention a system is disclosed for measur-
ing the distribution and intensity of a two-dimensional
radiation pattern formed at the output of a spectrum
analyzer. The spectrum analyzer has an acousto-optic
modulator which receives an acoustic input signal. The
output of the spectrum analyzer is a line of radiation
with the position of radiation along the line being re-
lated to frequency components of the acoustic signal
and the strength of radiation along the line being re-
lated to the strength of the components of the acoustic
input signal. The line of radiation is then directed
against a cylindrical lens system to form the two dimen-
sional pattern of radiation which has radiation signals
spaced along an X axis, and each radiation signal has a
component extending along a Y axis. The two dimen-
sional pattern of radiation is then directed against a
stepped density filter which varies the intensity of the
radiation along the Y axis such that a substantial por-
tion of the radiation is passed at one segment along the
Y axis and less and less radiation .is passed at other
segments along the Y axis. The radiation passed by the
stepped density filter -is 'directed ‘to a two dimension
photodetector. The photodetector detects the position
of signals along the X' axis-and also.detects the amount
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of radiation along the Y axis, which indicates the inten-
sity of the radiation.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE illustrates a schematic representation
of one embodiment of the present invention.

DESCRIPTION OF A PREFERRED EMBODIMENT

Referring to the FIGURE, there is illustrated a Bragg
cell spectrum analyzer system. The spectrum analyzer
includes a Bragg cell 10 having an acoustical input 12
and a radiation input from a laser 14. As is known with
this type of system, an electrical input signal at 12
excites an acoustical transducer on the Bragg cell to
cause acoustical waves to be formed across the cell.
The acoustical waves cause the radiation beam travel-
ing through the cell to be diffracted to form an output
radiation beam 16 which is illustrated in the FIGURE
as one beam but which may actually consist of an angu-
lar array of beams. As is known regarding Bragg cells,
the acoustical waves cause part of the laser beam trav-
eling through the cell to deflect, with the intensity of
the deflected beam being proportional to the strength
of the acoustical wave and the angle of deflection being
proportional to the frequency of the acoustical wave. If
the acoustical wave has multiple components at differ-
ent frequencies the output of the Bragg cell will consist
of multiple spots of light with the position of each light
spot being related to the frequency of each component
and the intensity of each light spot being proportional
to the strength of each component.

With the current state of the art of Bragg cells, the
dynamic range of a typical Bragg cell is over 50 dB, but
the photodiode dynamic range is limited to a 20 to 25
dB range in light power, primarily because of residual
noise introduced by the switching circuit which ac-
cesses the photodiode array. The limitations on dy-
namic power range are further complicated by the
square law characteristics of the diode detectors. Each
diode produces an output voltage proportional to its
input light power, and since the power out of each
diode is V#R the electrical power output of each diode
is proportional to the square of its input light power.
Because of that characteristic an output electronic
dynamic range of 50 dB is required to handle a 25 dB
light power input range. To build a system with the
capability of fully utilizing the 50 dB dynamic range of
the Bragg cell with a single photodiode array would
require an output electronic dynamic range of 100 dB,
which, if possible, would be extremely difficult.

The output 16 of the Bragg cell 10 is normally de-
tected by a photodetector array, which may consist of
a linear array of photodiodes such as a linear array of
500 diodes as is available from Reticon Corp. The
linear array of photodiodes produces an output signal
which indicates the angular components of the output
beam 16 and also the strengths of each of the compo-
nents.

The FIGURE illustrates a system for extending the
dynamic power detection range of the output of a
Bragg cell spectrum analyzer to any desired power
range. In the FIGURE, the output of the Bragg cell,
which normally consists of a spot or spots of radiation
along a line 17, is directed upon the flat face of a cylin-
drical lens system 18. In the FIGURE the Bragg cell
output is illustrated as one radiation spot 19 which the
cylindrical lens system forms into a radiation line 20.
The radiation line is formed on a stepped density filter
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22 which has density steps 23 formed on it perpendicu-
lar to the direction of the radiation line 20. The filter
transmits radiation through it in accordance with the
density steps to a two dimensional array 24 of photode-
tectors. In the preferred embodiment the two dimen-
sional array of photodetectors may be an array such as
a 50 X 50 photodiode array available from Reticon
Corporation.

In accordance with this arrangement the detector
array has the frequency information from the Bragg
cell available along one axis and the amplitude infor-
mation from the Bragg cell available along the other
axis, as shown in the FIGURE. Now, consider a signal
on one column of detectors perpendicular to the fre-
quency axis. If the signal is large the detectors with the
minimum density steps in front of them will be satu-
rated. Higher on the column the density filter will re-
duce the signal to within the linear range of the detec-
tors, and higher on the column the signal will be re-
duced below a minimum detectable value. If the detec-
tor output were scanned in a raster to produce a two
dimensional image, the picture would be vertical lines
in which the frequency information is related to the
horizontal position of each line and the signal strength
information is related to the height of each line. The
picture would be fully white at the bottom where the
detectors are saturated and fade to black at the top
where the signal is below the detection level.

The step density filter 22 may be made by a variety of
methods, and may have any arbitrary density function.
This is an important feature of this invention, and is
applicable in general to many electro-optic systems.
The output of the photodiode array may be selected to
be any arbitrary function of the input by selection of
that same arbitrary function for the filter, which is a
very valuable feature in the design of many electrooptic
systems. Also, this feature may be utilized in embodi-
ments of electro-optic systems. forming just one line
from one spot, and thereby requiring only a linear array
of photodetectors.

In the preferred embodiment, a logarithmic variation
in the step density filter may be utilized. If the input
light intensity is I, the light on the nth detector in a
column may be represented as

I, = a,l;

where «, is the density of the filter at row n and

1

an= Trgan

where A is the density change per detector. For exam-
ple, if A is 0.1 then each detector has 1-dB less power
than the previous detector.

If the detector array is scanned column by column
and a threshold detector is used to count the number of
photodetectors above a fixed threshold, then the num-
ber is proportional to the signal strength in dB’s and
can be used as the input to a digital system.

If the photodetector array has a well-defined satura-
tion characteristic an analog output may easily be ob-
tained by summing the charge stored in any column.
The output charge Q,y, is

k
Qo= % =10,
n
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where Q, is the charge in the nth detector and k is the
total number of detectors in the array.

While several embodiments have been described, the
teachings of this invention will suggest many other
embodiments to those skilled in the art. Although the
preferred embodiment illustrates a transmissive density
filter, in some embodiments a reflective density filter
might be utilized.

We claim:

1. A system for measuring the intensity of radiation
and comprising:

a. means for forming the radiation into a line of radia-

tion the intensity of which may be measured;

b. a density filter means, having said line of radiation
directed thereon, for varying the intensity of the
radiation along the line to allow a substantial por-
tion of the radiation in the line to pass at one seg-
ment along the line and to allow less and less radia-
tion to pass at other segments along the line, said
density filter means having a predetermined func-
tion from segment to segment such that the varia-
tion in intensity caused by said density filter means
assumes said predetermined function;

c. a linear array of photodetectors positioned to de-
tect said line of radiation passed by said density
filter means such that individual detectors within
the array detect particular segments of the radia-
tion line; and

d. means for determining the intensity of the radia-
tion and including means for determining the num-
ber of detectors in said linear array which detect
radiation above a given threshold level, whereby
the number of radiation detectors detecting radia-
tion above the given threshold level is indicative of
the intensity of the detected radiation.

2. A system as set forth in claim 1 wherein said linear
array of photodetectors includes a linear array of pho-
todiodes.

3. A system as set forth in claim 1 wherein said means
for determining the number of detectors in said linear
array which detect radiation above a given threshold
value includes means for determining the number of
detectors in said linear array which are saturated by
their radiation input.

4. A system for measuring the distribution and inten-
sity of a two dimensional radiation pattern having radi-
ation signals spaced along an X axis and each radiation
signal having a component extending along a Y axis
substantially perpendicular to said X axis, and compris-
ing:

a. two dimensional photodetector means for detect-

ing radiation along both said X and Y axes;

b. means for directing said two dimensional pattern
of radiation onto said two dimensional photodetec-
tor means, said radiation pattern having radiation
signals spaced along said X axis and each radiation
signal having a component extending along a Y axis
substantially perpendicular to said X axis; and

c. a density filter means, positioned in the radiation
path between said means for directing radiation
and said two dimensional photodetector means, for
varying the intensity of radiation along said Y axis
such that the density filter means allows a substan-
tial portion of the radiation to pass at one segment
along the Y axis and allows less and less radiation
to pass at other segments along the Y axis, whereby
the output of the photodetector means defines the
position of all signals along said X axis, and the
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5
amount of radiation detected along said Y axis by
said photodetector means indicates the intensity of
the detected radiation.

5. A systein as set forth in claim 4 wherein said means
for directing said two dimensional pattern of radiation
onto said two dimensional photodetector means in-
cludes:

a. means for producing a radiation pattern along a

line; and

b. a cylindrical lens means, having said radiation

pattern along a line incident thereon, for forming a
two dimensional pattern of radiation from said
radiation pattern along a line.
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6. A system as set forth in claim 5 wherein said means
for producing a radiation pattern along a line includes
a spectrum analyzer means having an acousto-optic
modulator which receives an acoustic input signal, said
spectrum analyzer means producing an output radia-
tion pattern along a line with the position of radiation
along the line being related to the frequency of compo-
nents of said acoustic input signal and the strength of
radiation along the line being related to the strength of
components of said acoustic input signal.

7. A system as set forth in claim 6 wherein said two
dimensional photodetector means includes a two di-

mensional array of photodiodes.
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