5G/6G Projects

Accelerated Millimeter Wave (mmW) Phased Array Prototyping (AmmP3)
- $15.7M, Lead: CA DREAMS-University of Southern California (USC) and
Northrop Grumman-

California Defense Ready Electronics and Microdevices Superhub (CA DREAMS) Accelerated mmW
Phased-Array Prototyping Project (AmmP3) aims to develop a hub-centered mmW phased-array toolkit,
accessible through CA DREAMS MOSIS 2.0, to accelerate prototyping and reduce barriers to mmw
adoption. Currently, DoD and commercial markets are not fully utilizing the available mmW spectrum
due to the limited availability of requisite phased-array technology. CA DREAMS AmmP3 focuses on the
development of 5G/6G-relevant prototypes to accelerate availability of high-performance front ends,
including phased array antennas, beamforming ICs, and broadband amplifiers, integrated using SOTA
advanced (2.5D and 3D heterogeneous integration [HI]) packaging for leading-edge size, weight, power,
and SWaP-C systems. By exercising the CA DREAMS operational model, AmmP3 will demonstrate
process-module, component, and system-relevant prototypes for dual-use applications that will be
made available for users/collaborators through the MOSIS 2.0 Storefront.

Wideband Multifunctional Software Defined Radio (WMSDR) - $8M,
Lead MMEC -Lockheed Martin-

The Wideband Multifunction Software Defined Radio (WMSDR) project seeks to provide a 5G/6G
solution for adaptive wideband transceiver architectures and components. Adaptive wide band,
reconfigurable, multifunction RF transceivers that meet DoD 5G/6G needs are neither readily available,
nor produced in the U.S. Current approaches require multiple radio solutions that are narrow-band,
high-SWaP-C, and negatively impact performance/effectivity and sacrifice flexibility/resistance to
interference. This results in dedicated solutions which lack flexibility for multifunction. Transceiver
instantaneous bandwidths are limited to ~1GHz and consume significant power for performance. DoD
has unique reliability, environmental, security, and other non-foreign source needs for 5G. These
constraints limit SWaP-C such as: (1) multiple nonreconfigurable fixed narrow band filters to address
spurious non-linearities/interferers, (2) high-power consumption when increasing bandwidth and
sample rates (affecting Nyquist bandwidth) due to current quantizer solutions for the Rx/Tx functions,
(3) additional filtering required when incorporating mixers to convert microwave signals into a near zero
IF band for digitization, (4) high-power consumption and data bandwidth when moving high speed
quantized digital data between processors, (5) large SWaP-C to achieve increased sampling rates and
wider instantaneous Nyquist bandwidths through low phase noise clock sources. WMSDR will enable a
low power small form factor software define radio enabling: (1) simultaneous real-time spectral
wideband field of view, (2) chip-scale wideband frontend with self-tuning filters for interferer mitigation
and performance optimization, (3) electronical steerable array integrated with advanced Intel
transceiver with 16 Rx/Tx channels for beam steering and RF MIMO solutions and is designed to scale to
higher element counts (4) real-time, low-latency DSP array leveraging a massively parallel architecture
for high instantaneous bandwidth and low power. The domestically produced WMSDR solution will
combine a Wideband Adaptive RF Front End Assembly (WAF) with an Intel 18A-based transceiver
designed for 5G/6G application in the FR1, FR2 and FR3 bands. This concept will enable a low SWaP,
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highly integrated, wideband Software Defined Radio that can successfully operate in contested and
congested environments. The WMSDR project is led by Lockheed Martin who will act as prime integrator
for the low-SWaP, SOTA, autonomous controlled RF front end with the reconfigurable transceiver
prototype. Intel will develop, fabricate, and deliver a new wideband reconfigurable transceiver built on
18A technology. The University of Dayton and CapV will design Barium Strontium Titanate (BST) varactor
tuning elements. Indiana Microelectronics will design Wideband Adaptive RF Front End Assembly (WFA)
filters based on the BST varactors and Purdue University will design a new ASIC autonomous filter
controller to be fabricated at Skywater. 3D Glass will design and deliver a Heterogenous Integrated (HI)
filter package incorporating WFA filters and filter controller ASIC. This effort is expected to mature
heterogeneous RF reconfigurable filters and multi-function transceiver architecture from a current
TRL/MRL of 4 to a TRL/MRL of 6 by the end of the project.

Wideband, Scalable multiple-input-multiple-output (MIMO) arrays for
NextG Systems: From Antennas to Decoders (NextG) - $6M, Lead:
NEMC-Sivers Semiconductors -

Frequency Range 3 (FR3) allocations (spanning 7.125 GHz to 24.25 GHz) and established DoD bands
require low SWaP-C wideband radios from 7GHz to 15GHz. Since commercially available SOTA
decoders are limited, flexible universal decoders that enable extensive code mechanisms and on-the-
fly code-switching would greatly augment the complexity of embedded security. Cellular networks
currently use Frequency Range 1 and Frequency Range 2 bands (FR1 belongs to Sub6GHz range of 450 -
6GHz and FR2 belongs to mm-wave 24.2 -52.6 GHz). There is now a significant uptake of 5G Massive-
MIMO solutions (M-MIMO) is a reference to massive multiple-input multiple-output wireless
communications technology in which base stations are equipped with a very large number of antenna
elements to improve spectral and energy efficiency) globally for Frequency Range 1, and it is expected
that the M-MIMO share of the network will continue to grow, motivated by increased network coverage,
capacity, and user throughput. Despite increased capacity with M-MIMO in FR1 bands, additional
spectrum will be required to support traffic growth and demand for new services. This project aims to
develop scalable wideband transmit/receive MIMO systems, including 7GHz to 24 GHz wideband MIMO
antennas, ICs, and novel decoder back-ends for 5G/6G and DoD deployments. Atthe end of this
project, the goalis to provide engineering samples to potential 5G and DoD customers and prepare for
volume production in GF 22nm FDX for MIMO TRX ICs. The project also aims to provide engineering
samples for the MIMO array tile, expect to achieve a TRL of 6 for the scalable 256-element 32 T/R MIMO
tile, and engage with assembly houses capable of volume production. This project will translate IC and
antenna technology developed at Sivers and UML into commercial and DoD application-ready
prototypes.

Linearized Frequency Multiplier Transmitter Technology Transition
(LIFTTT) - $2.2 M, 5G/6G Lead: ARL/AFRI-

project will expand warfighter capability to utilize mmW spectrum for communications and EW
applications. ARL and AFRL will collaborate on (1 fabricating a packaged, micro-scale transmitter array
with throughput beyond SoA (ARL IP), reducing its SWaP-C and (2 extending current capability above
100 GHz to cover 6G and EW applications in the D-band, providing a technology solution where
commercial-off-the-shelf equipment cannot meet transmitter requirements.
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Integrated Radio Frequency (RF) GaN Technology to Support NextG
Wireless Systems (Integrated RF GaN) - $5.1M, Lead: Southwest
Advanced Prototyping hub (SWAP)-NXP -

The Integrated RF GaN Technology program aims to achieve significant advancements in efficiency,
bandwidth, and size of power amplifiers for 5G/6G and DoD applications. This will be achieved through
innovative power amplifier and built-in self-test architectures, utilizing package and wafer level hetero-
integration. Current wireless infrastructure equipment, limited by sub-6 GHz spectrum allocations, uses
a mix of amplifier technologies, including LDMOS, SiGe, and GaN. These radios often use a banded
approach with specific amplifiers for optimal efficiency and performance within each band.
Additionally, current infrastructure relies on conventional chip and wire packaging and assembly. 5G/6G
infrastructure requires higher frequencies, wider bandwidths, and smaller amplifier form factors. Higher
frequencies necessitate increased efficiency to mitigate self-heating, and GaN technology enables
wideband operation with increased instantaneous bandwidths. However, GaN efficiency is limited as
bandwidths exceed 400 MHz. This project addresses these challenges by combining
reconfigurable/built-in self-test power amplifier architectures with heterogeneous integration of GaN
and CMOS technologies. This will be the firstimplementation of reconfigurable GaN power amplifiers
with built-in-self test hardware and algorithms, using heterogeneous integration of GaN on Siin
commercially scalable module/hetero-integration technologies. A successful outcome will establish
new benchmarks for reconfigurable power amplifier integration and built-in self-test hardware and
algorithms, leading to more efficient and compact MIMO arrays with lower cost and energy usage. The
project will provide essential learnings and prototypes for lab-to-fab migration of these technologies,
extending U.S. technology leadership in 5G/6G and benefiting DoD systems with stringent SWaP-C
requirements.

Scalable Modular Architecture for RF Transceivers (SMART) - $5.7M,
Lead: SWAP-Alphacore-

Ateam led by Alphacore Inc. is developing a ground-breaking Joint Communication and Sensing (JCAS)
transceiver for use in 5G/6G telecommunications, radar, and related applications for both Defense and
Commercial systems. This project will lead to an IC that performs at unprecedented levels of capability,
compactness, low power, and economy. Working under the auspices of the Arizona State University-led
SWAP, Alphacore will integrate its own Scalable Modular Architecture for RF Transceivers (SMART)
technology with cutting-edge contributions from its partners at Arizona State University, Rice University,
Auburn University, and Lockheed Martin. Key benefits of the JCAS transceiver include increased
resource efficiency, optimized spectrum utilization, reduced latency and improved reliability while
simultaneously reducing the size and cost of transceivers. The IC, which will reach TRL 7/MRL 7 by the
end of the program, will meet the challenges of robust operation in both terrestrial and space-based
systems.
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