1.1
Technical Approach
 Under contracts DAAB07-96-C-J611 and DAAB07-99C-K504 Canberra has produced approximately 37,000 AN/UDR-13 Pocket Radiac Sets.  These AN/UDR-13 sets are in full compliance with the Performance Specifications included in the current multi-year solicitation for additional Pocket Radiac units.  Therefore, the Canberra approach would be to provide the same AN-UDR-13 that was first article approved and most recently produced on production contract DAAB07-99-C-K504. 

Canberra is certain that this new AN/UDR-13 multi year program will attract many potential suppliers with probably many different technical approaches (particularly since the basic detection mechanism in the current AN/UDR-13, “time to count” is a patent protected technique).  Therefore, it is important to be aware of areas of technical design that cannot be accomplished by any other known technique in order to accurately evaluate new design approaches from potential contractors.

While the Pocket Radiac design is a product of the total Pocket Radiac performance specification, careful review of the specification and experience gained in the AN/UDR-13 development process indicates that four requirements of the specification set the Canberra Pocket Radiac equipment design apart from all other radiation instrument designs.  The ability to meet the “key” specification requirements of: 1) Small size and weight, (10.5 cubic inches, and 10 oz. [with batteries], 2) 100 hour battery life, 3) Nuclear Survivability, and 4) Transient dose detection and quantification, result in the AN/UDR-13 design being a major advance in the “state of the art” and make it the leader among nuclear Pocket Radiac Detector Sets.  All other requirements of the specification, though important and requiring advanced circuits and detector operation, have been achieved in previous military equipment, such as the AN/VDR-2.  Indeed, with the recognition that the “Time to Count” method of operating a single GM detector must be used to achieve the required dynamic range, all remaining requirements of the performance specification do not present any severe challenge to the designers or require an advance of the “state of the art”.  The design solution ultimately used and found to be successful for the AN/UDR-13 included a unique combination of a GM tube, operating in the “Time to Count” mode, a PIN diode Neutron detector and RAD FET transient gamma detector, each with a special operating, annealing, and reading protocol (and adhering to the four “key” specification requirements mentioned above).

It is important to recognize that many other techniques and methodologies were considered and studied, several by another manufacturer, prior to Canberra’s successful AN/UDR-13 design.  It is also vital to recognize that without the use of the patented “Time to Count” method of GM detector operational and the annealing and reading protocol developed by Canberra for the neutron and gamma transient detectors, a Pocket Radiac capable of meeting the performance specification could not have been produced. Consider the following:

a) Dose Rate Detectors - Requirement: The Pocket Radiac must detect and measure gamma dose rate between 0.1 and 1000 cGy/hr within  + 20% after exposure to the gamma and neutron levels associated with the Nuclear Survivability criteria.

Many design activities and/or commercial radiation instrumentation producers have attempted to use solid state detectors for gamma dose rate detection.  Silicon diodes, cadmium telluride and others in the solid state family, in addition to necessitating difficult environmental temperature compensation processes, are disqualified from consideration as a result of uncorrectable sensitivity changes which occur as a result of the Nuclear Survivability Test criteria.

Scintillation crystals and photo tube combinations not only suffer nuclear damage but also have severe temperature dependence, large size and lack of inherent mechanical ruggedness that ultimately eliminates them as possible detector candidates.

The selection and use of the GM tubes as the gamma dose rate detector provides the only device that has clearly demonstrated its ability to withstand, without performance degradation, the effects of the Nuclear Survivability Test criteria.  The G-M tube has been successfully used in several military Radiac Sets for many years and has been shown to provide reliable performance within the total military operating environment.
In addition to providing a detector impervious to the Nuclear Survivability Test criteria, the G-M tube, when operated using the “Time to Count” method, provides the only single, small volume detector capable of providing the required broad dynamic range (below 0.1 cGy/hr to above 1000 cGy/hr) gamma dose rate measurement.
Therefore, the only acceptable gamma dose rate detector for the AN/UDR-13 Pocket Radiac is the G-M Tube Detector (as employed in the Canberra design).

b) Prompt Neutron and Prompt Gamma Dose Detector - Requirement:  The Pocket Radiac must detect and measure the prompt gamma and neutron dose associated with a nuclear weapon detonation.

Ideally, a detector used for prompt neutron and prompt gamma measurement would respond to a momentary transient radiation pulse, allow simple electronic recording of the level of gamma and neutron dose experienced and return to its initial state, ready for the next “burst” measurement.  And, this would be done without suffering any permanent damage such that it could be reused indefinitely (like a G-M tube is used to detect residual gamma dose rate and dose).  Only SEMI-RAD type detectors offer indefinite reuse but are well in excess of the physical size and power available noted in the “key” specification requirements. Several other devices such as leukodyes, have been tested but are also unsuitable for use in the environment required by the Pocket Radiac performance specification.  
Ft. Monmouth and Canberra analyzed this problem during the Pocket Radiac Development Program and concluded that the only suitable neutron dose detector was the silicon PIN diode (used in the DT-236 wrist watch detector).  The RAD FET development effort conducted by Ft. Monmouth has resulted in an improved PMOS-RAD-FET (produced by Canberra) and is used as the prompt gamma dose detector of the AN/UDR-13.  Further tests still noted shortfalls with each device. But, if their operation is limited to the transient mode and suitable annealing protocols instituted, satisfactory dose measurement can be achieved.  The nature of the shortcomings inherent in both the PIN diode neutron detector and the RAD FET gamma detector are:
NEUTRON PIN DIODE

1) Annealing at a rate of approximately 8% per decade of time.
2) Non linearity of response.  As dose level increases the Mv/cGy response of the diode is reduced.

3) Temperature dependence.
GAMMA RAD FET
1) Small drift (both positive and negative) in the response of the RAD FET after exposure.

2) Increasing non-linearity and drift as a function of total accumulated dose.

3) Temperature dependence.
In many applications the shortcomings listed above would present very little difficulty.  For example, the PIN diode is used very successfully in the DT-236 Wristwatch type Radiation detector of the AN/PDR-75 Radiac System.  RAD-FET devices are used in medical and space applications with reported success.  Generally, these applications involve infrequent readings taking place hours or days after exposure of significant dose levels and employ sizeable readers incorporating temperature compensation.  Considering that the meaningful level of gamma and neutron dose extends down to the 10 to 50 cGy level and that the Pocket Radiac is required to alarm for excessive dose obtained within a 5 minute interval, the somewhat innocuous shortcomings listed above dramatically impact the successful use of these devices in the Pocket Radiac requirement.  Were it not for the fact that the use of the G-M tube detector in the “Time to Count” mode, provides an excellent vehicle for assessing all but transient gamma dose, this problem would severely threaten the prospect of successful operation of the Pocket Radiac.  However, with the extremely accurate and linear GM tube method of residual dose measurement in hand, and recognizing that gamma transient dose in a tactical situation is always accompanied by the transient neutron dose, the use of the subject dose elements can effectively be limited to transient dose recognition and measurement.  The steady state use of the elements is then dramatically reduced and correspondingly the effect of the component (FET and PIN diode) output voltage drift (FET primarily) is also reduced sufficiently to provide acceptable equipment operation.  The annealing characteristic of the PIN diode presented a very severe threat to accurate neutron dose measurements.  This occurred mainly because the interval between the exposure and the reading can vary between 0 and 5 minutes.  A very pronounced annealing slope occurs during this period.  In order to obviate this problem Canberra devised a rapid annealing protocol which is conducted each time a neutron dose is recognized.  Without the protocol, accurate neutron detection and quantification were not possible.
Thus, based upon required component operating characteristics and inherent  limitations discussed heretofore, Canberra’s current production – AN/UDR-13 – remains the most viable and feasible approach to this solicitation.

1.1.1
PRESENT AN/UDR-13 DESIGN FEATURES


The Canberra designed Pocket Radiac is shown in Figure I.  The salient features of the design include the following:


(A)
Mechanical Feature (See Figure 1)



1.
Display

a) Sizeable LCD display, large easy to ready numerals and units

b) Backlight for night operation
c) Function and operational identification provided on the display

d) Input Key-Display feedback

e) Minimal scrolling of subordinate equipment functions

f) Heat resistant display – to enable meeting completely the Thermal effects of Nuclear survivability



2.
Control Keys (buttons) (See Figure 1)

a) Appropriately sized and spaced for ease of use (even with MOPP arctic gloves)

b) Good tactile response along with complete display feedback for ease of operator/ - equipment interface

c) Water sealed, silicon rubber construction

d) Only six control buttons accommodates all equipment functions with minimal scrolling

[image: image1.jpg]FIGURE 1

CANBERRA AN/UDR-13




e. Calibration of the equipment can be achieved manually or automatically via the control buttons.  No opening of the Pocket Radiac is required for calibration



3.
Shape, Size and Weight (See Figure 2)

a) Easy to hold wile reading and operating

b) Control keys recessed to avoid accidental operation

c) Battery box requires no tools for changing batteries – hinged, lid type construction with positive action ¼ turn fastener for battery compartment sealing

d) Weight and volume compatible with user requirements

e) Rugged, “O” ring water sealed aluminum enclosure

f) Internal Construction (See Figure 2)

(1) Three (3) plug-in printed circuit boards, replaceable with only a small screwdriver required

(2) Detectors located to minimize shielding “shadow” of batteries

(3) Plug in replaceable dose elements
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B.
Electrical Features


1.
Detector Type and Operation




a)
Dose rate, Single G-M tube (sensitivity approx. 1.5cps/Mr/hr)



The dose rate detector operates in the “Time to Count” method of operation and provides accurate and continuous dose rate measurement for gamma dose rate levels below 0.1 cGy/hr to 999 cGy.  In normal continuous operation an updating of the measured dose rate occurs every two seconds allowing compliance with the response time requirement as well as providing acceptable statistical accuracy and precision of reading.  During normal operation of the G-M tube, by virtue of the “Time to Count” operation, the GM tube dose rate data provides highly accurate measurements of gamma dose for residual or non-transient type gamma exposures.  This dose information augments the transient dose information provided by the two transient dose elements (RAD-FET & PIN diodes).


During the “Sleep Mode” the Pocket Radiac is operating in a very low power mode such that battery life is extended to about 1500 hours while still maintaining “protective monitoring” for troop or user safety.  During the “Sleep Mode”, at approximately 5 minute intervals, the gamma dose rate circuitry is energized and makes a measurement of the current gamma dose rate and total dose.  In the event that the measured dose and dose rate is below the preset threshold, the Pocket Radiac de-energizes the dose rate function and returns to “SLEEP” for another five minute period.  This continues indefinitely until the Pocket Radiac is either (a) returned to normal operation, (b) turned “OFF”, or (c) a radiation dose rate or dose is measured in excess of the accepted threshold level.  In this case the equipment “alarms” and remains in the full operating mode until reset.




b)
Dose Detectors and Operation




The dose detectors are:
1) G-M tube – For residual dose during normal operation and SLEEP mode

2) Neutron Diode – For all neutron dose measurements both transient and residual (although no residual neutron dose is present in tactical situations)

3) PMOS-FET – For all transient gamma dose


During normal operation residual gamma dose measurements are made by integration of the dose rate as provided the G-M tube.  As noted previously, the G-M tube operating in the “Time to Count” mode is well suited to accurately provide the required total dose/dose rate information.

The management of the transient dose requires that the detection and measurement of transient dose involves the periodic interrogation (reading) of the voltage occurring across both the PIN diode and the PMOS RAD-FET with specific constant currents passing through each device.  Initial conditions (voltage across each device) are obtained and stored in memory such that incremental increase in these voltages can be measured and converted into terms of radiation dose in units of tissue cGy.


It is be to be noted that the contributions of all these detectors are summed in order to provide a single, composite accumulated dose.

These detectors are “read” by direction of the microprocessor program every 5 minutes and the increment of voltage occurring during that period put into memory as incremented dose.  Recall that certain shortcomings, present in the PIN diode and PMOS-FET relating to annealing and/or drift (variation of the output voltage with time and temperature not caused by radiation exposure) tended to compromise the accuracy of these measurements.  Canberra has developed and included an annealing routine which is automatically conducted during the dose detector reading process such that these errors are essentially eliminated.  This means that the device is read every 5 minutes and the increment of dose calculated and recorded in memory simply as dose obtained during the 5 minute period.  The dose element is then effectively re-initialized essentially without regard to the absolute value of output voltage of the dose component.  This process is repeated every 5 minutes.  Furthermore, in order to further separate the effects of dose element drift all negative changes (drift) are totally ignored (since radiation dose once received cannot be reduced) and all positive changes require the presence of both a minimum level of neutron dose contribution as well as the PMOS-FET (gamma) dose increment in order to be recognized as a valid gamma radiation dose increment as distinguished from component drift.  The fact that in tactical situations transient gamma dose is always accompanied by a corresponding transient neutron exposure allows this safeguard to be employed.  This “dose evaluation logic” thus operates both the neutron and gamma dose elements in the most advantageous manner, namely REPEATED VERY SHORT INTERVAL MONITORING (TRANSIENT MODE) along with meeting prerequisite conditions in order to validate a dose increment.
1.1.2
CIRCUIT BOARD DESCRIPTION

a)
Main Board – CPU (Top Board)


The CPU (Central Processing Unit) board contains the 16 bit microprocessor, 64k RAM, 512 k ROM address decoders, custom made Liquid Crystal Display (LCD) working in a 50% duty cycle, LCD driver, circuitry for display backlight, and interface for the remaining TWO circuit boards.  The unit is controlled using the 6 membrane switches that are placed on the face side of the printed circuit board below the LCD and are activated through the silicon rubber keypad.


b)
Dose Detector Board (Middle Board)
The main part of the board is occupied by the circuitry needed for powering and reading the neutron and gamma transient dose sensors.  Due to the nature of the PIN diode and RAD-FET special methods and circuitry were developed to obtain the most accurate dose reading of these sensors. This method of reading is described below.

The open current voltage results of repetitive short current pulse readings (using precise current) are collected and evaluated for stability from a statistical point of view prior to being used for the calculation of the updated accumulated dose.  The data must also be corrected for the effect of the ambient temperature and annealing of these sensors.  The dose detectors are located on a very small separate plug-in PCB, so it can be easily replaced if the total dose for the PIN diode or PMOS-FET (or both) exceed the maximum accumulated dose (about 2000 Cgy).   The detector circuitry contains a temperature sensor physically located close to transient dose sensors.  The circuitry is constructed using 16 bit D/A converter for current output to supply the detector reading current and a 12 bit A/D converter to measure the voltage across the sensors.  As a result of temperature effects on the D/A and A/D as well as on other analog components, a real time calibration of the reading system is performed using additional circuitry before each dose detector reading to avoid possible error caused by the change of the offset, bias, leakage, etc. normally found in analog components.  Additional circuitry to provide the +/- 12 Volts power supply and the power management circuitry are also placed on this board.

The dose detector board also contains all circuitry related to the sleep mode as well as the burst sensor that will “wake” the unit out of the “sleep” mode in case of significant gamma burst.


c)
G-M Tube board (Bottom Board)


This board contains all the circuitry related to the operation of the GM tube including the regulated high voltage power supply (specially designed for very low power consumption), high voltage switches, pulse sensing and shaping circuitry, as well as G-M tube itself.  Separate circuitry is dedicated to controlling the application of battery power with built in circumvention circuitry to protect the circuit components from burning out as a result of high level transient nuclear radiation.

1.1-6

