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Figure 1: The Signal Processing Electronic Attack RFIC 
(SPEAR) system. 

 
Abstract: The Signal Processing Electronic Attack RFIC 
(SPEAR) is a simultaneous transmit and receive (STAR) 
system capable of STAR operation in the presence of 1 kW 
EIRP power, independently of the choice of transmitter in 
use. The paper reports on the status of the SPEAR project 
that started 2 years ago with the support of the Office of 
Naval Research, Code 31. Preliminary measurements 
based on a COTS-based receiver prototype will be 
presented. To the authors’ knowledge, the measured results 
from the prototype already demonstrate state-of-the-art 
STAR performance and provide a solid base for the 
integration of the complete system. 

Keywords: Simultaneous Transmit And Receive; STAR; 
Full Duplex; Digital Signal Processing; DSP; Transmitter; 
Receiver; Multipath. 

Full duplex challenges 

Simultaneous transmit and receive (STAR) systems – or 
full duplex systems as they are also widely known – have 
received strong attention from researchers and commercial 
interests. Indeed, full duplex systems are inherently 
doubling the system’s channel capacity – a fact that 
wireless service providers find extremely attractive when 
considering a very expensive and scarce spectrum. Full 
duplex, relatively narrow band (~ 100 MHz) 
communication systems have been demonstrated on-chip at 
mm-wave frequencies [1]. Broad bandwidth (>> 100 MHz) 

and large tunability are challenges that military systems 
have to face in additions to the basic issue of isolation 
between transmitter and receiver chains. Further, EW 
applications must be capable of discriminating any type of 
incoming signal in the presence of self-generated high 
power interferers. 

SPEAR is an innovative approach to the full duplex 
challenge that meets the high demands of military systems. 
The program the SPEAR program is funded by the Office 
of Naval Research, Code 31, and kicked off 2 years ago 
[2]. This abstract will highlight some key results and 
provide an update of the status of the program. 

The SPEAR System 

The SPEAR system is sketched out in Fig. 1 and consists of 
3 key sub-systems: (1) high performance antennas; (2) 
RFIC system-on-a-chip; and (3) digital signal processing. 
A high performance, multi-layer board will host the RFIC 
die and interface with the DSP sub-system. The design 
effort also includes a transmitter composed of off-the-shelf 
components because the SPEAR system is agnostic to the 
type of transmitter in use. The ultimate goal of the SPEAR 
program is to demonstrate the operational use of the 
receiver system beyond a lab environment. 

The SPEAR dual-receiver is designed to tune a 1 GHz 
bandwidth over the 0.5-45.0 GHz range with 4 overlapping 
channels. Each channel shares the same architecture in 
order to maximize on-chip circuit reuse. High isolation 
between transmitter and receiver chains (~ 120 dB) is 
achieved by enhancing the isolation of the system’s 
constituents. The antennas, designed by the University of 
Colorado, Boulder, are discussed separately at this 
Conference and contribute with 50 dB of isolation or more. 

The SPEAR prototype receiver 

A 2.0-7.0 GHz SPEAR receiver has been assembled after 
careful selection of the off-the-shelf components and it is 
shown in Fig. 2. The main objective of the prototype is to 
guarantee high linearity with a IMD >> 50 dB at full power 
at the input of the receiver. The RX chains consist of an up-
conversion to 23.5 GHz followed by a down-conversion to  
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The on-chip time-interleaved analog-to-digital converter is 
designed by Ohio State University and features 12 bits and 
delivers 2.7 Gsps. A board on which the chip is flipped is 
also being designed to interface the receiver with a 
commercial FPGA. Initial characterization of the SPEAR 
card is scheduled in late Spring 2017. 

Conclusions 

This abstract reports the state-of-the-art STAR results of 
the prototype SPEAR receiver and describes the upcoming 
integrated system and its high performance card. 
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