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Increasing threats of terrorism and contraband smuggling have led to a 

growing interest in high-frequency security sensors. Recently, systems 
combining active and passive microwave sensing into one unit have been 

proposed to improve reliability in the detection of contraband. However, the 

capability to measure material properties in real-time at stand-off distances of a 

few meters would greatly enhance the ability of security sensors to classify 

concealed items. This tutorial talk discusses a non-invasive approach to 

extract the complex permittivity and thickness of hidden or embedded 
dielectrics using multi-mode (active-passive) sensing. The design and 

operation of two types of microwave sensors are discussed – radar (active) 

and radiometer (passive) both operating in the K-band (18-26 GHz). Critical 

factors that degrade the performance of both systems often involve 

imperfections in the RF front-end as well as background clutter. To mitigate 

these issues, the following calibration techniques are presented to: (i) correct 
RF front-end distortion in frequency modulated continuous wave radars, (ii) 

correct mismatch and temperature dependent insertion loss contributions in the 

RF front-end of radiometers, and (iii) correct background noise for radiometers 

in indoor applications. The talk will conclude with a discussion on closed form 

models to predict the radar and radiometric responses of multi-layer dielectric 

targets. While presented from a security standpoint, the techniques presented 
in this talk may also be used in other applications like remote sensing, 

detection of buried fires, and food safety inspections.
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Transient electromagnetic waves that exist for extremely short durations and rapidly decay 

are commonly classified as short-pulse electromagnetic phenomena. Owing to their inherent 

ultrawideband (UWB) nature, these pulses are capable of conveying exceptionally high 

information content. Because the area under the impulse waveform is very small, short-pulse 

signals contain minimal energy and therefore cause negligible interference with conventional 

radio-frequency communication systems. Their transient, burst-based transmission further 

enhances immunity to noise, enabling secure and reliable information transfer.

These distinctive features make short-pulse UWB technology attractive for a wide range of 

applications, including smart homes, advanced driver-assistance systems, keyless secure 

entry, healthcare, banking, security, peer-to-peer localization, and emerging social network 

platforms.

Beyond communications, recent investigations into the interaction of UWB pulses with 

biological systems have revealed another promising application domain. Experimental 

studies on human cells demonstrate that the biological response to UWB exposure depends 

strongly on pulse duration and field intensity. Notably, intense sub-microsecond pulses have 

been shown to induce programmed cell death, offering a potential non-invasive approach for 

reducing tumor growth.

Short-pulse electromagnetics can also be engineered to emulate extreme electromagnetic 

environments, such as nuclear electromagnetic pulses (NEMP) and lightning discharges. 

These capabilities are particularly valuable for aerospace and defense applications, including 

system hardening, survivability analysis, and electromagnetic compatibility testing.

This invited lecture will provide an overview of transient electromagnetics and its real-world 

applications across consumer electronics, medical technologies, aerospace, and defense. 

The presentation will also highlight recent advances in computational modeling, simulation, 

and visualization techniques used to address complex challenges in short-pulse 

electromagnetic analysis.
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A leaky-wave antenna (LWA) is a type of traveling-wave antenna where a guiding structure 

supports a wave that radiates (leaks power) as it propagates down the structure, forming a 

directive beam. The beam is conical in shape (or semi-conical, if there is a ground plane), 

becoming a fan beam at broadside. An array of LWAs can be used to create a pencil beam. 

Leaky-wave antennas come in three general categories: uniform, quasi-uniform, and 

periodic. A uniform LWA has a uniform (constant) cross section and supports a guided wave 

with a single complex wavenumber. An example would be an air-filled rectangular waveguide 

with a long longitudinal slot in one of its walls. This type of structure is usually designed to 

support a fast phase (phase velocity greater than that of light in free space) to enable 

efficient radiation. A periodic LWA radiates by virtue of a periodic set of perturbations along 

the guiding structure, which introduces a finite set of space harmonics (Floquet modes), 

where usually the n = -1 space harmonic is chosen to radiate. A quasi-uniform structure is 

one that is periodic, but the period is small compared to a wavelength so that it acts as a 

uniform structure with the fundamental (n = 0) space harmonic radiating. In all cases a load is 

typically used at the end of the LWA to absorb the residual power left in the leaky wave. 

For uniform and quasi-uniform LWAs the beam is limited to the forward direction, between 

broadside and endfire, assuming that the antenna is fed at one end, which is the usual case. 

However, broadside beams can be achieved by feeding the LWA in the center, creating a 

bidirectional leaky wave. For a periodic LWA a beam can be created in either the forward or 

backward directions. Furthermore, the beam scans with frequency, which can be 

advantageous for some applications. However, there is usually an open stopband at 

broadside that causes beam degradation as the beam is scanned through broadside, though 

techniques can be used to overcome this problem. 

Simple design formulas can be obtained for LWAs to characterize the properties of beam 

angle, beamwidth, directivity, and pattern bandwidth. These formulas allow for a prediction of 

the optimum load eff iciency to maximize the antenna gain, with the optimum load eff iciency 

being close to 92% for relatively long LWAs.

A two-dimensional (2-D) LWA is one where a structure supports a radially-propagating leaky 

wave, excited by a central source. The Fabry-Pérot resonant cavity antenna is the most 

common example of such a LWA, where a partially reflecting surface (PRS) is placed above 

a grounded substrate (which may be air). This type of LWA can produce a symmetrical 

pencil beam at broadside, or a conical beam that is scanned to some angle from the vert ical 

axis. 
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This talk will cover practical challenges for the development of 

integrated system designs for next generation quantum computing 

which includes a combination of integrated circuits, systems and 

microwave engineering. Starting from system level, it will detail the 

design considerations for non-multiplexed, semi-autonomous, 

transmon qubit state controllers (QSC) implemented in 14nm 

CMOS FinFET technology. The QSC includes an augmented 

general-purpose digital processor that supports waveform 

generation and phase rotation operations combined with a low 

power current-mode single sideband upconversion I/Q mixer-based 

RF arbitrary waveform generator (AWG). Implemented in 14nm 

CMOS FinFET technology, the QSC generates control signals in its 

target 4.5GHz to 5.5 GHz frequency range, achieving an SFDR > 

50dB for a signal bandwidth of 500MHz. With the controller 

operating in the 4K stage of a cryostat and connected to a transmon 

qubit in the cryostat’s millikelvin stage, measured transmon T1 and 

T2 coherence times were 75.5μS and 73 μS, respectively, in each 

case comparable to results achieved using conventional room 

temperature controls. In further tests with transmons, a qubit-limited 

error rate of 7.76×10-4 per Clifford gate is achieved, again 

comparable to results achieved using room temperature controls. 

The QSC’s maximum RF output power is -18 dBm, and power 

dissipation per qubit under active control is 23mW. An improved, 

low-power design version that achieves half of this power will also 

be presented, including some clocking solutions for large arrays.
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The abundance of bandwidth positions millimeter-wave (mmWave) communications as the most 

promising candidate to realize fifth generation (5G) and future networks for cellular and backhaul 

applications, as well as point-to-point links. To support the demand for high data rates in multi-

user systems across large distances and to overcome the path loss, 5G communication systems 

and beyond require sharp beams with high directivity and power. mmWave beamforming 

technology is, therefore, the key enabler of future communications and sensing systems, and it is 

crucial to build compact, efficient, and low-cost mmWave phased arrays. This leads to the co-

design of mmWave power amplifier (PA) and antenna (ANT), eliminating the bulky isolators at 

the interface. However, the antenna impedance changes due to beam steering and mutual 

coupling. This creates a non-ideal voltage standing-wave ratio (VSWR) at the PA-ANT interface, 

implying PA load modulation, and results in nonlinear distortions in the PA characteristics.

This talk presents a systematic approach based on active S-parameters, a forgotten yet powerful 

microwave engineering concept, to model the element- and array-level VSWR sensitivity of 

mmWave integrated transmit phased arrays, with a focus on power amplifier (PA) performance. 
Experimental results, as well as antenna, RF circuit, and system parameters from an example E-

band (71-77 GHz) integrated phased-array transceiver on 22nm FinFET technology, have been 

studied to demonstrate the algorithmic methodology developed in this framework. The element - 

level analysis showed non-negligible variation in the VSWR and, therefore, the key performance 

indicators (KPI) of the E-band PA, such as output power (Pout) and power added efficiency 

(PAE) across scan angles for 16QAM modulation at the practical EVM metrics required in the 

modern communication channels, such -20 dB, -25 dB, and -27 dB, compared to the ideal-VSWR 

conditions. The array-level analysis, on the other hand, has revealed aggregate EVM degradation 

of multiple dBs and a reduction in efficiency, resulting in more than 1 W of extra power 

dissipation to compensate for transmitting the same amount of RF power despite averaging 

effects and the advantages of larger antenna arrays. The non-ideal VSWR environment also 

causes elements to radiate unequal amounts of power, which creates distortions in the beam 
pattern. As such, the VSWR sensitivity of nulls and side lobes will be reviewed, and its 

implications on the open-loop (TX-only) systems, where beam-tracking algorithms cannot be 

exploited, will be discussed. Finally, the potential on-chip mitigation techniques will be proposed 

towards future implementations.
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Radar systems operating at mmWave frequencies have traditionally 

relied on III/V compound semiconductor technologies, such as 

GaAs or InP. However, with the commercial success of CMOS RF 

ICs in the late 1990s and early 2000s, and the promising research 

outcomes in mmWave ICs using CMOS technology, the industry 

began to explore the possibility of building mmWave radar systems 

using standard CMOS processes. A pioneering work in this area 

was the development of a fully integrated 160GHz pulsed radar 

transceiver with an antenna in a standard silicon process at Texas 

Instruments' Kilby Lab. This breakthrough demonstration proved the 

feasibility of mmWave radar in silicon, paving the way for the 

commercialization of CMOS-based radar systems at mmWave 

frequencies. Although compound semiconductor-based radar chips 

may still be preferred for certain applications requiring extremely 

high performance or specialized functionality, CMOS radar offers 

numerous advantages that make it an attractive solution for the 

commercial market, including low cost, high yield, high integration 

levels, and high scalability. This presentation will provide an 

industry perspective on the design of CMOS mmWave radar 

systems, highlighting the evolution and improvement of CMOS 

radar designs at Texas Instruments to meet the needs of the 

market.
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Modern wireless communication systems operate in increasingly 

dynamic and congested electromagnetic environments. 

Applications such as massive MIMO and automotive radar must 

manage multiple concurrent signal paths while detecting weak 

signals in the presence of strong interferers. Likewise, emerging 

platforms, including SATCOM-on-the-move, mmWave drone links, 

and high-definition wireless AR/VR systems, must contend with 

unknown, high-power interferers arriving across varying angles, 

frequencies, and modulation schemes. These challenges impose 

increasingly stringent linearity requirements, a performance metric 

that has traditionally received less emphasis in receiver and LNA 

design. As a result, receiver and LNA architectures with inherently 

high or reconfigurable linearity are becoming essential for 

preserving signal integrity in congested spectral environments. 

However, a fundamental challenge lies in the tightly coupled trade-

offs between linearity and other key performance metrics, including 

NF, gain, bandwidth, and power consumption. Conventional 

approaches to improving linearity often degrade one or more of 

these parameters. To address these limitations, this talk introduces 

the concept of Doherty active load modulation, originally developed 

for PA architectures, into the LNA domain. The proposed Doherty 

LNAs achieve up to a 10× improvement in linearity without 

compromising other key performance metrics.
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