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ABSTRACT
A real-time display system has been designed and tested for use with a radiation
field monitor. The system uses only pulse and wave-form generators, a multiplexer
and an oscilloscope. The display consists of either a three-dimensional representa-

tion of the field intensity distribution or a series of simultaneous profiles.
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I. INTRODUCTION

The electron linear accelerator (LINAC) at the Armed Forces Radiobiology
Research Institute (AFRRI) is used to provide pulsed radiation fields up to 40 cm in
diameter for biological research. Large radiation fields cannot always be completely
characterized by the intensity at the center of the field. Some mecasure of the spatial
intensity distribution is requircd in many cases. It is also usually desirable that
this information be immediately available to make necessary changes in the field
parameters.

Real-time monitoring of thc AFRRI LINAC radiation field usually is done with a
single detector remotely controlled to scan the field along lines perpendicular to the
beam. The primary disadvantage of this method is that considerable time is required
for a complete area scan. Another approach, developed by Hornstra and Simantonl-3
at Argonne National Laboratory, uses wire planes operating as current collectors.
The main limitations of this approach are that only fixed resolution profiles are
obtained and the plancs are insensitive to certain distributions, such as occur with
elliptical fields.

A monitor providing an immediate and quantitative indication of the intensity at
many points in a radiation field would have considerable advantages. This could be
achieved with individual detectors interfaced through analog to digital converters (ADC's)
to a computer which then drives a cathode-ray tube (CRT) oscilloscope display of the
radiation intensity distribution. However, hardwarc and personnel costs for pro-

gramming and implementation can be prohibitive.



To circumvent the problems and expense of a computer-based monitor, a system
has been designed and tested which essentially couples the detectors directly to a CRT
display. This system provides (1) continuous, real-time operation without a computer,
(2) discrete detector inputs, (3) independence of field size, (4) independence of number
or type of detectors, (5) CRT display of a three-dimensional representation of the
field spatial intensity distribution, (6) CRT display of a series of simultaneous inten-
sity profiles, and (7) quantitative measure of each detector response.

II, DESIGN AND OPERATION

General method. To determine the radiation intensity at a number of points, indi-

vidual detectors are used. The radiation detectors can be ion chambers, diodes or any
device from which radiation-induced charge can be collected in a capacitive circuit.
When the voltage across the capacitor is measured for each detector, a grid of such
detectors provides information on the spatial intensity distribution. The basic feature
of the design is that the individual detector output voltages are gated in sequence and
superimposed on a CRT base-line display of horizontal rows of the detector grid. The
number, spacing and size of the detectors ultimately determine the spatial resolution.
The basic elements of the system are shown schematically in Figure 1. For
each pulse of radiation, a LINAC trigger is used to reset the multiplexer and to start
the strobe and CRT base-line generator. The strobes and base lines are synchronous
signals, so each strobe into the multiplexer always superimposes the zero point of
each detector signal in a fixed location on the base lines. All detectors are sampled
and a complete display is generated for each LINAC trigger. The LINAC trigger can

be obtained from the LINAC electronics or from a detector in the radiation field.
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Figure 1. Elements of field monitor display system

The reset from the multiplexer is used to discharge the detector charge holding
circuits. If the reset is disabled, then each detector circuit accumulates a charge until
irradiation is stopped and holds the charge until it is manually reset. Thus one may
operate the system for a predetermined irradiation time or number of radiation pulses
and measure the integrated response of each detector. In this mode the LINAC trigger
may be replaced by any convenient pulse generator and the display will be maintained
after the irradiation stops.

When the reset is enabled, the resets are synchronized with the LINAC trigger,
so that detector voltages will not be reset during a pulse or while they are being dis-
played on the CRT. In the present system, the multiplexer initiates the reset after
the last detector strobe.

CRT display and strobe signal generation. To generate the CRT base-line dis-

play and synchronous strobe pulses, three identical stages of pulse and wave-form

generators are used. The Tektronix 160 series was used for two reasons: first, it



has wide flexibility in triggering modes, delay, pulse widths and repetition rates;
second, it is inexpensive. Because it internally adds two signals on both the horizon-
tal and vertical inputs, a Tektronix RM503 oscilloscope was used for the CRT. The
three stages and CRT are operated as shown in Figure 2.

In the first stage, labeled Y in Figure 2, a LINAC pulse triggers a ramp gener-
ator, R1, the output of which is used to trigger a pulse generator, G1. The output
width of G1 is variable. Independently variable is the time at which G1 pulses relative
to the LINAC trigger. This is important because the strobe pulses cannot start until
the detectors rcspond to the radiation field. When the detector reset is not enabled,
R1 may be internally triggered at 60 Hz. One element of the base-line display is ob-
tained when the output of the ramp generator R1 is used as a vertical input on the
CRT to obtain a single vertical sweep.

The second stage, labeled X in Figure 2, is identical to the first stage except
that, instead of acting as a trigger, the G1 pulse is used to gate on the second ramp
generator R2. While G1 is present, a preset number of R2 ramps are obtained. The
number of R2 ramps is variable (by varying the width of G1) and is set to the number
of horizontal rows in the detector grid. For illustration, only two ramps are shown.
When the output of the second ramp generator R2 is used for both horizontal and
vertical input on the CRT, a 45° sweep is obtained. The vertical sweep from the first
ramp generator R1 causes the 45° sweeps to be separated, one above the other, since
the first ramp continues for a longer time than all of the R2 ramps.

The third stage, labeled STROBE in Figure 2, performs different functions but

operates in exactly the same way as the second stage. The G3 pulses strobe the
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Figure 2. Elements of background and strobe generator and connections
to multiplexer and CRT

multiplexer, which gates the detector voltages through in sequence. When the detec-
tor voltages are added to the CRT horizontal input, each detector causes a horizontal
displacement from its base line proportional to the voltage level it generates. The G3
pulses can also increase the CRT intensity simultaneously with the detector signals.
This is labeled "BLANKING'" in Figure 2 and enhances the contrast between the detec-
tor signals and the base-line display. The amplitude of the G3 pulses and the CRT
intensity control give both differential and threshold control for the CRT image. The
width of the G3 strobe pulses can be narrow, so that the detector signals appear as
points; or wide, so that nearly a histogram effect is achieved.

Also shown in Figure 2 are variable resistors on the CRT ramp inputs. These

resistors, together with the normal CRT scale controls, provide any orientation of the



background image as seen from one octant. In the example shown, the view is from
the negative X and positive Y and Z octant. By rearranging the CRT inputs, any
octant view can be obtained. If the CRT horizontal scale is not changed, then the
detector signals maintain a constant displacement from their base lines, and quantita-
tive values can be obtained independently of the orientation.

Note that in three-dimensional CRT displays of sharply peaked distributions, the
points in the rear tend to be masked by points in the front. In addition to changing the
orientation of the display, this can be avoided by having different spacings between
rows and columns in the display. This can be accomplished by independently varying
the repetition rates of the R2 and R3 ramps or by use of the perspective and horizontal
and vertical scale controls. Table I lists typical wave-form widths and repetition
rates which will generate an 8 x 8 display grid at up to 60 Hz. Since the minimum R3
ramp width is about 0.1 msec with the Tektronix 160 series, higher display repetition
rates effectively require the number of columns in the display grid to be reduced. The
number of rows and columns can be independently controlled by varying the widths of

G1 and G2, respectively.

idt
Wave form Wil gate Mode
(msee) (Hz)
Ramp R1 16.7 60 Internal or
external trigger Table T.
Gt G 1 60 = o Typical Wave-Form Parameters
riggere .
€ Es 4 for an 8 x 8 Grid
Ramp R2 1.6 480* Gated by G1
Gate G2 1.1 480 Triggered by R2
Ramp R3 0.16 3840" Gated by G2
Strobe G3 Variable 3840 Triggered by R3

* Approximately eight times preeeding ramp repetition rate



Multiplexer. The multiplexer is composed of a shift register and pairs of
MOSFET switches, as shown in Figure 3. The LINAC trigger resets the multiplexer
by setting a "one' in the first position of the previously all zero shift register. Each
G3 strobe pulse causes the "one' to move to the next position, leaving a ''zero'' behind.
When a position has a "one', it turns on a MOSFET switch which gates through an
individual detector voltage to the CRT while the strobe pulse is present. This allows

variable width output, with constant strobe repetition rate, by varying the width of the
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Figure 3. Multiplexer block diagram showing shift register and detail
of multiplex and reset switches for channel 1



G3 strobe pulse. The output of the last position in the shift register is also used to
trigger a reset circuit which sets the shift register back to zero and provides a logic
level to reset the detectors. Each detector is reset by a second MOSFET switch which
zeroes the collecting circuit. At present the reset is obtained from either the 32nd or
64th position of the shift register. More flexibility in grid design can be obtained by
having the reset switch capable of selection from any position in the shift register.

III. PERFORMANCE

Results with simulated detector grid. To simulate a grid of detector signals, a

6 V battery was connected to a chain of variable resistors. Each detector input chan-
nel of the multiplexer was then connected to a certain position in the resistance chain
to simulate a Gaussian intensity distribution at the grid. The last resistor before
ground determined the width of the distribution.

In the prototype multiplexer there are 32 detector input channels, which can
handle all but four detectors in a 6 x 6 grid. Figure 4, which is a Polaroid picture of
the CRT, shows the 6 x 6 grid in three dimensions before the detector voltages are
added. For a uniform field, as shown in Figure 5, all detector voltages are equally
displaced to the right from their base lines. Note that the four detectors with no input
channels remain in the base line. Figure 6 shows how a Gaussian distribution may be
represented by the detector grid. The Gaussian distribution is evident along each row
and along each column, with the horizontal displacement a quantitative measure of
cach detector response. Note also that the spacing between rows is about twice that

between columns, which allows each detector voltage to be readily identified.



By routing tte first rarp R1 to the horizontal inpit and the detector voltages to

the vertical input, a sequence of profiles is obtainec, as shown in Figure 7. As before,

Figure 4. Trkree-dimensional 6 x € grid before detector signals are added.
Display crientaticn is the same as in Figure 2.

Figure 5. Three-dimensional 6 x 6 grid w:tk -2 signals from a uniform
radiation fi=ld. Display cr.en:zaticr. is the same as in Figure 2.



a complete display is obtained for each LINAC trigger and the detector voltages are

quantitatively preserved.

Figure 6. Three-dimensional 6 x 6 grid with 3% signals from a Gaussian inten-
sity distribution. Display orientatior is the same as in Figure 2.

Figure 7. Two-dimensional sequence of profiles with 32 signals from a Gaussian
intensity distribution
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Results with radiation detectors. Unbiased diodes and ionization chambers were

interfaced with the multiplexer and were tested as possible elements of a detector grid.
Small capacitors were connected in parallel with each detector to collect radiation-
induced charge. The detectors were irradiated at the AFRRI LINAC in an electron
field of about 35 rads per 4-usec pulse at up to 60 pulses per sccond. Switching tran-
sients, due to capacitive coupling in the MOSFET switches, were large at the normal
CRT input impedance. When this impedance was reduced, the transients were elimi-
nated but the signal was also attenuated. A marginally acceptable displacement of the
signal levels from their base lines was obtained by expanding the CRT vertical and
horizontal scales and attenuating the ramp signals to the CRT (using the variable re-
sistors shown in Figure 2). However, it was concluded that for low-level signals
amplifiers are required between the detectors and the multiplexer. Amplifiers have
been designed and preliminary tests have demonstrated their feasibility.

System costs. One of the main design objectives was to keep the cost of this
display system low relative to methods using computers or memory devices. The
power supplies, wave-form and pulse generators can be purchased new for about

$1800 and the CRT for about $700.%

The 32-channel prototype multiplexer costs about
$500 for parts, with about $250 required for each additional 32-input channel. Thus
it is believed that this system provides the basis for a relatively inexpensive, versa-
tile, real-time monitor for radiation fields.

IV. DISCUSSION

Ultimately, the choice of detector depends upon the application. Signal ampli-

tudes, detector reliability and saturation characteristics, and field intensities must be
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considered. It would be desirable for each detector to have its radiation sensitivity
adjustable to a known value without being in a radiation field. This would allow the
multiplexer to be near the detector grid and would avoid running separate cables for
each detector from the exposure area to the readout area. The system could then be
basically composed of two portable elements, i.e., the detector grid-multiplexer unit
and the strobe and base-line generator-CRT unit, with only three cables required to
couple them (Figure 1).

Frequently it is desired to duplicate, up to a normalization factor, a previous
radiation field. For uniform fields this is achieved when all the detector responses
are the same; that is, when all detector voltages lie on a plane. If other fields are
used, then a photograph of the CRT image can be taken when the detector voltage dis-
tribution is satisfactory. This provides a permanent quantitative record of the field,
and later a negative of the photograph can be fastened over the CRT. The tuning objec-
tive is then to simply have the CRT image masked by the negative. Note that, even if
the horizontal and vertical scale factors or the maximum field intensity are changed
(i.e., normalization), the relative distribution will be the same.

One feature of the system is that there can be fewer detectors than elements in
the display grid. Elements with no detector input appear as detectors with zero volt-
ages. So a few detectors can be positioned in the radiation field in a certain configu-
ration and can be connected to the corresponding multiplexer inputs of a rectangular
grid. By independently varying the number of rows and columns in the display grid,

almost any configuration of detectors can be represented on the CRT. A new
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configuration requires only that different detector channels be connected and that the
number of rows and columns be adjusted.

An interesting application is that two-dimensional depth-dose distributions could
be taken in real time. This requires only that the detectors be positioned so that rows
correspond to displacements from the field center line and the columns correspond to
depths. Of course, rows and columns can be interchanged. Since the number of rows
and columns are independently variable, by varying the widths of G1 and G2 pulses,
many different field shapes and depth-dose distributions could be monitored in this

way.
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