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Abstract 
This paper presents the design and implementation of RF wireless technology to improve 
the autonomy, versatility and reliability of remote robot systems by providing a radiation 
tolerant technology for interfacing with equipment and systems located in harsh radiation 
environments (> 1Mrad).  Applications using this radiation-hardened technology provide:   
1) a RF wireless modem replacement of the control cable tether for the ANDROS (Fig. 1) 
commercial robot,  2) a modern technology free of wired penetrations into most facilities 
for operation of these robots, and 3) the ability to retrieve data from remotely located 
instrumentation systems.   
 
This Rad-Hard RF modem technology developed by the University of Florida (UF) 
supports a modular approach to create standard interfaces for more complex control 
systems.  The University of Florida wireless system, utilizing the Industrial-Scientific-
Medical frequency band (ISM), has demonstrated full compliance with critical security 
and monitoring systems in these difficult high dose radiation environments. 

 
 

I. INTRODUCTION 

 
Improved operation of robotic systems in hazardous radiation 

environments requires development of circuits and systems with:  
high radiation tolerance, built-in degree of autonomous and un-
tethered operation, better power sources through extended battery 
life, and improved control systems integrated with radiation-
hardened instrumentation.  Several of these improvements are 
realized with the development of a radiation hardened RF modem 
wireless system reported here.   

 
 

Fig. 1 - Commercial ANDROS Robot 



 

 

The UF team identified the following basic requirements for the rad-hard RF wireless 
transceiver system: 
• Radiation Tolerance >1 Mrad(Si) total dose 
• Data Rate 9600 baud minimum 
• Frequency 915 or 2.4 GHz ISM band 
• Network Topology Master/Slave 

In order to build a complete radiation-tolerant wireless transceiver all of the 
components of the system must be radiation tolerant.  This requires that the transceiver 
and all of the supporting controllers, oscillators, protocol converters and other 
components be designed to be radiation tolerant.  The RF wireless system design was 
based on knowledge gained from previous radiation hardening research by the University 
of Florida.  The RF wireless modem development project progressed rapidly with 
positive results in both radiation testing and circuit design.  A transceiver chip (RF Micro 
Devices RF2905 shown in Figure 2) was identified by the UF team as a likely candidate 
for use in radiation environments.  A controller circuit for the transceiver has been 
designed that provides: 
 
• Master/Slave network topology 
• 9600 baud data rates 
• Half duplex communication 
• Operation in the 915 MHz ISM frequency band 
• Designs that utilize low cost commercial components 
• Radiation tolerance to >1 MRad(Si) 
 

 
Figure 2: RF Micro Devices 2905 Transceiver 

 
The RF2905 was considered a likely candidate because it uses bipolar technology 

instead of complementary metal-oxide semiconductor (CMOS) technology.  Bipolar 
devices are inherently more radiation-tolerant than CMOS.  The RF2905 has the 
transmitter and receiver circuits integrated into a single package that modulates and 
demodulates data.  The RF2905 is configured to operate in the 900 MHz ISM (industrial, 
scientific, medical) band.   The RF2905 transceiver requires external control circuitry to 
operate as a complete half-duplex transceiver.  Expanding the RF2905 to operate with 



 

 

multiple RF2905 transceivers required complex control circuitry and protocol design.  A 
controller circuit has been designed and the system operates reliably in a Master/Slave 
configuration.  A minimal carrier sense multiple access (CSMA) implementation to 
mitigate on-air collisions has been integrated into the design.  

The RF2905 requires that no DC voltage is input into the modulation port of the 
transmitter or receiver, therefore it was necessary to code the data signal with Manchester 
coding before the data could be transmitted and received without errors.  After testing the 
functionality of the decoder with the RF2905, UF designed a Manchester encoder and 
decoder that was based on logic circuits that can be purchased in bipolar or radiation-
tolerant CMOS.  The Manchester encoder is simply the data exclusively ordered (XOR) 
Radiation results verified that the RF2905 transceiver was the limiting component in 
radiation tolerance.  Transceivers from a later lot were found to meet the radiation 
specification of > 1Mrad(Si) dose. 
 
 Figure 3 is a diagram of the wireless system’s major components that are described in 
detail in the paper.   
 

 
Figure 3: Wireless System Major Components and Configuration 

 
The first prototype RF wireless system was used to evaluate signal strength loss 

by communicating from the Operating Floor to the Central Observation Room of the Fuel 
Conditioning Facility (FCF) at ANL-W in Idaho.  The demonstration showed successful 
communication through two windows of the hot cell (twice the necessary shielding) at 
error rates comparable to those observed without transmitting through the window (less 
than 5%) and was deemed a major success demonstrating the functionality of the design.  
The RF signal loss through the windows of the hot cell was measured.  The path loss 
measured at ANL-W differed from the value measured at the same distance at the UF 
labs by 3.5dB.  Therefore, each window accounts for 3.5/2dB or 1.75dB.   



 

 

Prior to the demonstration, ANL-W engineers successfully conducted Criticality 
Monitoring and Oxygen Monitoring systems compatibility tests with the wireless system.  
During testing it was discovered that the RF2905 transceiver phase locked loop (PLL) 
circuit was sensitive to the power up cycle.  When the circuit was powered from a 
regulator, the PLL would lock to the incorrect frequency and the circuit would require a 
reset of the PLL to operate correctly.  It was determined that sequencing the control lines 
of the RF2905 on power up would eliminate the error.  On power up, the RF2905 
transmit enable must be held low and then pulsed high for a short duration to keep the 
PLL at the correct frequency.  The RF output power control should be kept low during 
the startup sequence and delayed with respect to the transmitter enable for all subsequent 
transmissions.  If the RF output power is allowed to go high at the exact same time as the 
transmit enable, the PLL can lock to the wrong frequency.  

A new voltage power regulator was used in the new power supply circuit.  The 
new power regulator required additional radiation testing for verification of its radiation 
tolerance.  The regulator was of the same family previously tested.   It was projected that 
it would operate without failure under a higher dose. This was confirmed by a later 
irradiation test.   

The reduction in the almost 5% error transmission rate was addressed.  
UF/Electronic Communication Lab (ECL) engineers built a circuit for error detection that 
was also capable of correcting single-bit errors.  The circuit was built utilizing parts that 
have been previously tested for radiation tolerance.  The error checking and correction 
used a two-tier approach.  Hamming coding was used to detect and correct single bit 
errors in four bit sections.  Additional error detection was implemented through the use of 
a checksum on the end of each packet.  The transmitter concatenates the end of each data 
packet with the sum of the previous data bytes.  The receiver could then compare the 
computed sum to the last data value and if they do not match, an uncorrectable error 
occurred in the data packet. 
 The Hamming coding produces three parity bits for every four data bits.  The 
effective data rate was therefore 4/7’ths.  The parity bits were used to detect multiple-bit 
errors or to correct a single-bit error in each four-bit block. 
 
 
Transceiver Controller 

The RF2905 transceiver requires external control circuitry to operate as a 
complete half-duplex transceiver.  Expanding the RF2905 to operate with multiple 
RF2905 transceivers required complex control circuitry and protocol design.  A controller 
circuit has been designed and the system operates reliably in a Master/Slave 
configuration.  A minimal carrier sense multiple access (CSMA) implementation to 
mitigate on-air collisions has been integrated into the design.  The Manchester encoder 
and decoder were incorporated into the design of the Transceiver Controller.  The first 
design that was tested for radiation tolerance utilized F (Fast) series logic.  F-series logic 
was chosen as it is faster than the LS (Low-Power Schottky) series logic used previously 
and therefore would scale to higher speeds.  The first-in-first-out (FIFO) memory that 
was used was only available in F-series logic.  Under irradiation, the F-series logic failed 
at a dose under 300 kRad (Si).  The circuit board was repopulated with LS series logic 
except for the FIFO, which was F-series.  The FIFO was replaced every 300kRAD so that 



 

 

the rest of the circuit could be tested.  The results of the radiation testing showed that the 
circuit will survive past 1MRAD total dose when utilizing LS series logic.  The 
transceiver controller circuit required a redesign because of the failure of the F-series 
logic parts.  All of the chips except for the FIFO were directly replaceable with LS logic.  
FIFO’s with memory depths greater than 16 bits were not found for the LS logic series.  
An Advanced Low-Power Schottky (ALS) logic FIFO with a 64-bit memory depth was 
identified.  A radiation test was conducted using the ALS FIFO with a 64-bit memory 
depth and the testing showed that the ALS FIFO was capable of withstanding greater than 
1MRAD total dose without failure.  The radiation testing of the ALS FIFO was a simple 
pass/fail test.  As a result of this testing, the current design of the Transceiver Controller 
PCB is being changed to utilize the 64-bit memory depth ALS FIFO.  A PCB was 
designed for the Transceiver controller and used for all of the radiation testing.  Figure 4 
is the final PCB that was produced with the LS logic and ALS FIFO. 
 

 
Figure 4: Transceiver Controller PCB 

 
Address Controller 
The current network topology is a master/slave network.  The network will have multiple 
slave nodes that will need to be uniquely addressed.  Communication can occur with a 
single node with a unique address or with all of the nodes with the use of a broadcast 
address.  A packet structure has been designed for the network and is shown in Figure 5. 
 

Address Length Data Payload 

8 bits 8 bits     128 bits 
 

Figure 5: Data Packet Structure 
 

 The first bit of the address must be a 1 as it is used as the start bit of the packet.  
This makes the effective address space 7 bits, 0-126 decimal.  The 7-bit broadcast address 
is 127 decimal.  The length of the packet was dependent on the size of the FIFO or the 
Length field of the packet whichever is smaller.  Currently the FIFO’s have a total depth 
of 128 bits and the Length field is an 8-bit number allowing for 256 bits.  Because the 
smaller number must be used, the current maximum data payload is 128 bits. 



 

 

An Address Controller circuit has been designed that interfaces directly to the 
Transceiver Controller.  The Address Controller attaches the address of the slave node to 
each transmission so that the master controller can identify the responding slave node.  
The Address Controller also checks received data for the correct address of the slave 
node or the broadcast address.  If the address is correct, the data is passed.  The broadcast 
address allows the master node to transmit to all of the slave nodes with a single 
transmission.  The Address Controller also checks the length field for received packets 
and allows only the correct number of data bits to be passed.  A watchdog timer is 
associated with both the transmitter and receiver sections of the Address Controller so 
that if packets are malformed the circuits will reset and wait for the next packet. 
 

The design has been built and tested for radiation testing and demonstration at 
ANL-W.  The Address controller is made of two Printed Circuit Boards (PCBs), one is 
for the transmitted data addressing and the other is for the received data processing.  The 
two circuits were made on separate PCB’s in order to allow for easier debugging of the 
circuits.  Future designs will incorporate both circuits on a single board.  A photograph of 
the transmitter (Tx) and receiver (Rx) addressing boards are shown in Figure 6. 
 
 
RS-232 Protocol Adapter 

The data that is transmitted and received by the system is serial data and each data 
path has an associated clock signal to indicate a valid bit.  The rising edge of the clock is 
centered on a valid data bit.  The serial line is not valid at any time other than the rising 

edge of the associated data clock.   
 
This clock and data can easily be registered to provide a clean serial interface but 

the data would again be asynchronous and any device attached to the serial line would 
require another clock recovery circuit.  The transceiver does the clock recovery for any 
attached device and provides data and clock signals.  This method of data transfer 

Figure 6: Address Controller PCB 



 

 

requires more wires (two instead of one) but does reduce the complexity and intelligence 
required by control and data acquisition circuits. 

Computer RS-232 serial ports do have the required clock recovery circuits but 
also require start and stop bits before each byte transferred.  The ECL designed and built 
a protocol converter that takes the clocked serial data from the transceiver system and 
translates it into an RS-232 signal that can be directly attached to the serial port of the 
computer.  The format is one start bit, eight data bits, and one stop bit.  The baud rate is 
currently fixed at 9600 baud.  Because the master wireless transceiver connected to a 
computer will be located outside of the hot cell, the RS-232 Protocol Adapter does utilize 
non-radiation tolerant parts.  Figure 7 is a picture of the RS-232 Protocol Adapter PCB. 
 

 
Figure 7: RS-232 Protocol Adapter PCB 

 
Power Source 

The circuits developed by the UF team have been designed to work from a single 
9-12V DC source.  The final system was designed to utilize either battery or DC line 
power.   

 
Conclusions 

The radiation-hardened RF modem system described in this work has provided 
the verification that systems utilizing ISM band radio technology are compatible with 
critical monitoring and control systems in many hazardous radiation environments.  This 
technology has the capability to replace older systems facing obsolescence and reduce 
wired penetrations and worker exposure.  The maturing 2.4GHz devices (based on GaAs 
technology- “Blue-Tooth”) offer great promise of future development and 
implementation of RF communication methods in future hazardous applications. 
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