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Figure 1: Advanced modulation schemes allow existing channels to carry more information. 
Demodulated signals show the receiver’s constellation diagram and ACPR, including the effect of noise and distortion.
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Introduction

This guide explores the indispensable role that periodic steady-state (PSS) analysis 
has played for 30 years and continues to play in navigating the complexities of 
modern design, from RF and microwave module design with advanced III-V processes 
to high-frequency analog circuits at 2nm nodes and below. We will delve into the 
foundational concepts and practical applications of PSS analysis, equipping you with 
the knowledge to verify today’s most advanced systems proficiently.
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Figure 2: System-level diagram analysis model for an Rx link

Figure 3: System designer view: Specifying the blocks and analyzing expected performance
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The landscape of electronic design has undergone a 
dramatic transformation. We have moved from relatively 
straightforward, single-function integrated circuits (ICs) to 
incredibly complex, heterogeneous systems. Today’s 
designs are sophisticated tapestries woven from different 
technologies, processes, and fabrics. High-frequency RF 
components, sensitive analog circuits, and high-speed 
digital logic are no longer isolated into separate chips. 
Instead, they are integrated into a single, compact system-
in-package (SiP) or system-on-chip (SoC), pushing the 
boundaries of what is possible in communication, sensing, 
and computing.

This integration delivers significant benefits in performance, 
power efficiency, and form factor. However, it also intro-

The Evolution of RF and Mixed-Signal Design

duces formidable complexities. How do you accurately 
verify the performance of a sensitive RF element when it is 
surrounded by noisy digital logic and other complex analog 
blocks? How do you ensure that a sensitive signal chain 
retains its integrity in an environment rich in potential inter-
ference? How do you address these complexities while 
enhancing the design’s capabilities and performance?

These are the core challenges of modern RF and mixed-
signal design. The verification task shifts from analyzing 
individual blocks in isolation to understanding the complex 
interactions within a complete, heterogeneous system. 
Traditional simulation methods, which served us well for 
simpler designs, struggle to handle this level of complexity 
because of interactions among the design’s elements. 
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Periodic steady-state (PSS) analysis is an indispensable 
tool. Historically, PSS was used for RF and microwave 
design. However, as feature size has scaled down, the use 
of digital circuits to implement analog functions (e.g., a 
time-to-digital converter for an all-digital phase-locked 
loop (PLL) circuit) has increased, leading to greater use of 
PSS in analog circuits. Whether designing in advanced III-V 
processes for high-power amplifiers or crafting high-fre-
quency analog circuits at 2nm nodes and below, the need 
for a reliable, high-capacity simulation solution is 
paramount.

PSS analysis efficiently and accurately determines the 
behavior of circuits driven by periodic signals, such as 
oscillators, mixers, and frequency dividers. It establishes a 
periodically time-varying operating point, which then 
serves as the foundation for small-signal analyses. This 
enables designers to observe effects such as frequency 
translation, distortion, and noise in a manner that static 
(DC) or transient analyses cannot.

The Cadence® Spectre® RF Option, with PSS analysis at its 
core, provides the framework to address these modern 
verification challenges. As we delve deeper into the 
capabilities of PSS analysis throughout this guide, we 
explore how continuous innovation within the Spectre RF 
Option has kept it essential for designers. This journey 
through its foundational concepts and practical applica-
tions will demonstrate why, after 30 years, it remains the 
definitive tool for mastering the design and verification of 
today’s most advanced RF systems.

Why PSS Analysis is a Necessity
In this complex environment, a robust, integrated PSS 
analysis capability is no longer a luxury; it is an absolute 
necessity. Critical circuits within these heterogeneous 
systems are fundamentally periodic. PLLs, analog-to-digital 
data converters (ADCs), mixers, and oscillators all operate 
with distinct, repeating rhythms.

PSS analysis enables detailed small-signal analyses (e.g., 
periodic AC, noise, and transfer function) on these periodic 
and time-varying circuits. This allows designers to answer 
critical questions:

	f How does noise from the digital logic affect the phase 
noise of the central clocking PLL?

	f What is the impact of power supply ripple on the 
spurious-free dynamic range (SFDR) of an ADC?

	f How much distortion is introduced when a signal passes 
through a mixer in the RF front-end?

Without an integrated PSS analysis running within a 
high-capacity simulator, these questions can only be 
answered through estimation or through costly, time-con-
suming post-silicon debugging. For “More than Moore” 
designs, accurate system-level verification is paramount, 
and PSS provides the analytical foundation to achieve it.

The Evolution of Block-Level Design and PSS 
Analysis
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Figure 4: Example PSS analysis from using harmonic balance for an RF receiver to using shooting 
Newton for a switched-capacitor sample and hold

Harmonic Balance Shooting Newton 
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Many engineers are familiar with DC analysis, which calcu-
lates a circuit’s quiescent, or non-time-varying, steady-
state operating point. However, some circuits, such as 
oscillators, mixers, switched-capacitor filters, and clock-
and-data recovery (CDR) circuits, do not have a static DC 
steady-state. Their steady state is one of constant, periodic 
motion. PSS analysis is a foundational technique specifi-
cally designed for these circuits.

Beyond DC Steady-State: The Time-
Varying Operating Point
By its very nature, an oscillator is designed to produce a 
periodic output when active, never settling to a DC value. 
Similarly, a mixer or a switched-capacitor filter is driven by a 
periodic signal (the local oscillator or the clock) that funda-
mentally defines its operation. Meaningful simulation and 
analysis of these designs go beyond conventional DC 
analysis.

This is the primary distinction of PSS analysis: it calculates 
the PSS operating point of a circuit. Instead of solving for a 
single set of static voltages and currents, PSS finds the 
complete waveform over one period of the fundamental 
frequency after the circuit has reached a steady-state 
condition. This periodically varying operating-point 
waveform unlocks a suite of powerful analysis tools.

Enabling Small-Signal Analysis for Time-
Varying Systems
In the world of linear time-invariant (LTI) circuits, engineers 
rely heavily on small-signal analyses, such as AC and noise 
analysis. These analyses are performed by first calculating 
a DC operating point and then linearizing the circuit around 
that point. This powerful technique allows us to efficiently 
analyze a circuit’s frequency response, noise performance, 
and stability.

However, circuits like mixers and switched-capacitor filters 
are not time-invariant. Their behavior is modulated by a 
significant periodic signal, making them linear time-varying 
(LTV) systems. The small-signal gain of a mixer, for 
example, changes dramatically throughout one cycle of the 
local oscillator (LO) signal. A simple DC operating point and 
the associated LTI analyses cannot capture this dynamic 
behavior.

PSS analysis bridges this gap. Once it determines the 
periodic operating point, PSS linearizes the circuit at every 
time step along that periodic trajectory. This creates a 
linear, time-varying model of the circuit that is periodic. 
Upon this foundation, we can run specialized small-signal 
analyses designed for LTV systems:

Foundational Concepts: Understanding PSS 
Analysis
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Figure 5: A harmonic balance PSS analysis example of a receiver, including the effect of oscillator noise

7www.cadence.com

	f Periodic AC (PAC) Analysis: Calculates the frequency 
response of the circuit, showing how a small input signal 
is transferred to the output, including frequency 
translation effects.

	f Periodic Noise (PNoise) Analysis: Computes the noise at 
the output, properly accounting for how noise from 
internal devices is affected by the circuit’s time-varying 
nature and translated in frequency.

	f Periodic Transfer Function (PXF) Analysis: Analyzes the 
transfer function from any source of noise (e.g., the 
power supply) to the output, which is crucial for power 
supply rejection ratio (PSRR) analysis in switched circuits.

Without the initial PSS analysis, performing these vital 
small-signal analyses on LTV circuits would be impossible.

Modeling Frequency Translation and 
Distortion
Two of the most critical phenomena in RF and mixed-signal 
design are frequency translation and distortion. PSS 
analysis provides the framework to model both accurately.

Frequency Translation: This is the primary function of 
components such as mixers. They are designed to shift 
signals from one frequency to another (e.g., from RF to a 

lower intermediate frequency, IF). PSS analysis, followed by 
PAC analysis, inherently models this behavior. It can predict 
conversion gain (the gain from the RF input to the IF 
output) and the strength of unwanted sidebands and  
leakage, providing a complete picture of the mixer’s 
frequency conversion performance.

Distortion: When large signals are applied to a circuit, 
nonlinearities create unwanted harmonic content and inter-
modulation products. PSS analysis directly calculates the 
circuit’s response to large input signals, revealing the level 
of harmonic distortion (P-Harmonic) and intermodulation 
distortion (IMD). Because PSS computes the full steady-
state waveform, it captures the compression effects that 
occur as a circuit approaches saturation, enabling the 
accurate calculation of important figures of merit, such as 
the 1-dB compression point (P1dB) and the third-order 
intercept point (IP3).

For modern wireless communication systems that pack 
many channels into a small spectrum, minimizing distortion 
and controlling frequency translation are not just design 
goals; they are fundamental requirements. PSS analysis is 
an indispensable simulation tool that provides designers 
with the insight they need to meet these stringent specifi-
cations long before manufacturing.
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The power and versatility of the Spectre RF Option stems 
from its architecture, which supports both frequency and 
time domain analysis. Periodically driven circuits are not all 
the same, and a one-size-fits-all simulation approach is 
inefficient and often inaccurate. Instead of forcing a single 
algorithm to handle every type of design, the Spectre RF 
Option provides two distinct and highly optimized PSS 
analysis engines: harmonic balance (HB) and shooting 
Newton.

Understanding the fundamental differences between these 
two methods is key to unlocking maximum simulation 
performance and accuracy. Each engine is tailored for a 
specific class of circuits, and choosing the right one for 
your design can be the difference between a quick, 
successful verification and a long, frustrating one. This 
chapter will explore the technical underpinnings of each 
engine, its respective strengths, and its ideal applications.

The Two Engines: Frequency Domain vs 
Time Domain
At its core, the choice between harmonic balance and 
shooting Newton is a choice between solving the circuit 
problem in the frequency domain or the time domain.

	f Harmonic balance is a frequency-domain method 
representing all circuit waveforms as a collection of sine 
waves—a truncated Fourier series. It then solves 
Kirchhoff’s laws for the amplitudes and phases of these 
sine waves.

	f Shooting Newton is a time-domain method. It employs a 
sophisticated algorithm that iteratively adjusts the initial 
conditions until the circuit response becomes periodic.

This fundamental difference in approach is what makes 
each engine uniquely suited to different types of circuits.

Harmonic Balance: The Choice for RF 
and Microwave Circuits
HB is the classic solution and the optimal choice for RF and 
microwave circuits, including power amplifiers, low-noise 
amplifiers (LNAs), mixers, and passive components from 
interconnect, such as inductors and transmission lines.

How It Works

Remember when you were in school and studied Fourier 
analysis? At steady-state, signals can be represented as a 
series of sines and cosines. HB analysis takes a similar 
approach, assuming a limited number of harmonics can 
accurately represent the steady-state solution. For a circuit 
driven by a 1GHz sine wave, the solution will be described 

by its components at 1GHz (the fundamental), 2GHz, 3GHz, 
and so on. Also, for many RF circuits, the energy in these 
harmonics decreases rapidly. In many cases, 5 to 10 
harmonics are sufficient to get a very accurate represen-
tation of the signal.

Strengths and Ideal Applications

	f Efficiency for Smooth Signals: Because it doesn’t need to 
resolve sharp edges, HB is incredibly efficient for circuits 
when sinusoids can represent the signals. 

	f Natural Fit for Frequency-Domain Models: RF design 
often involves components best described in the 
frequency domain, like S-parameter blocks for 
components like antennas or PCB traces, and 
transmission lines. HB handles these models naturally 
and efficiently.

	f Multiple Tones and Modulation: HB also excels at 
analyzing circuits with multiple, non-harmonically related 
frequencies like mixers.

When to Use Harmonic Balance

	f Power Amplifiers (PAs): Designing PAs with load and 
source pull analysis, analyzing gain compression, 
power-added efficiency (PAE), and harmonic content.

	f LNAs: Calculating noise figure, third-order intercept 
point, and gain.

	f Mixers: Determining conversion gain, LO leakage, 
port-to-port isolation, and intermodulation products.

	f Oscillators (especially LC-tank based): Finding the 
oscillation frequency and analyzing phase noise.

	f Multi-tone simulations: For multi-tone periodic 
steady-state simulations, the period is the difference in 
the two frequencies, compared to transient analysis, HB 
can resolve this in far less time, making HB analysis the 
preferred approach for multi-tone simulations.

If the circuit’s signals look more like sine waves than square 
waves, HB is the best choice for analyzing the design.

The Cadence Spectre RF Option: A Dual-Engine 
Approach
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Figure 6: Shooting Newton PSS analysis simulating the phase noise of a ring oscillator
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Shooting Newton: The Maestro of Sharp 
Transitions
The shooting Newton engine is the superior method for a 
different, but equally important, class of circuits: those 
characterized by sharp transitions in the time domain, such 
as square waves. This includes many modern analog and 
mixed-signal designs, in which analog functions are imple-
mented with fast-switching digital logic.

How It Works

Imagine trying to represent a perfect square wave with a 
Fourier series of sine and cosine waves. You would need a 
very large, theoretically infinite, number of harmonics to 
capture the sharp rising and falling edges. HB struggles and 
becomes inefficient as the number of tones increases. 
Shooting Newton, on the other hand, directly simulates the 
circuit’s behavior over time, efficiently capturing the rapid 
voltage transitions with its adaptive time-step control.

Strengths and Ideal Applications:

	f Superior for Sharp-Edged Signals: It is highly efficient for 
circuits with sharp switching events, such as 
switched-capacitor filters, clock drivers, dividers, and 
logic gates.

	f Handles High Harmonic Content: Shooting Newton 
thrives when HB slows down due to the high number of 
required harmonics. Shooting Newton is not dependent 
on the number of harmonics contained in a square wave; 
it simply simulates the transition directly in time.

	f Circuits With Dynamic Operating Points: It is particularly 
effective for highly dynamic circuits that lack a stable DC 
operating point, such as dynamic latches.

	f Oscillators: The performance characteristics of some 
oscillators, like ring oscillators, are highly dependent on 
details of the time domain waveform and are more 
efficient to simulate in the time domain.

When to Use Shooting Newton:

	f Switched-Capacitor Filters: Accurately analyzing their 
frequency response and noise performance, which are 
dictated by a clock.

	f Phased Locked Loop (PLL) Circuits: Verifying the 
behavior of voltage-controlled oscillators, phase 
detectors, and charge pumps.

	f Frequency Dividers: Simulating high-speed digital 
dividers where signals are distinctly square.

	f Dynamic Comparators (Latches): Analyzing the precise 
timing and behavior of these circuits, which are 
fundamental to high-speed ADCs.

By providing both a frequency-domain and a time-domain 
engine, the Spectre RF Option gives you the flexibility to 
choose the most efficient tool for the job. This dual-engine 
approach ensures that whether you are designing a 
high-frequency III-V power amplifier or an advanced-node 
time-interleaved ADC, you have an optimized PSS solver 
ready to tackle the unique challenges of your design.
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Figure 7: Delivered power load-pull contours plotted 
across the input power sweep
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HB is the engine that drives load-pull simulation. The 
workflow, significantly enhanced in Cadence® Virtuoso® 
Studio RF, allows designers to:

	f Simulate Under Varying Load Conditions: The advanced 
load-pull analysis flow automatically sweeps the load 
impedance at the fundamental frequency or harmonic 
frequencies.

	f Generate Performance Contours: The simulator runs an 
HB analysis at each impedance point and plots the 
results as contours on the Smith Chart. These load-pull 
contour plots show the tradeoffs between performance 
goals.

	f Design the Optimal Matching Network: Once the optimal 
impedance is identified, the designer can create a 
matching network to transform the actual load (e.g., a 
50-ohm antenna) to the impedance.

This iterative process of simulating and tuning the 
matching network design is fundamental to achieving 
competitive PA performance. Without an efficient and 
accurate HB engine, this task would be a matter of 
guesswork and repeated hardware prototyping.

Harmonic Balance in Practice: High-Frequency RF 
and Microwave Design

Let’s take a deeper look at HB for designing high-frequency 
RF and microwave circuits. For these circuits, designers live 
and breathe in the frequency domain. For example, 
compared to traditional analog design, in RF and microwave 
design, interconnects are design elements, and these are 
best described by their frequency domain behavior. 
Modeling these components in the time domain often leads 
to convergence and accuracy issues. We examine HB’s 
application in power amplifier (PA) design through advanced 
load-pull techniques, and its ability to ensure stability in 
high-power circuits.

A Natural Fit for Frequency-Domain 
Design
RF and microwave design methodologies differ significantly 
from those used for lower-frequency analog circuits. At 
high frequencies, the behavior of these elements is 
described using frequency-dependent representations 
such as S-parameters.

	f S-parameters: Beyond traditional inductor or capacitor 
models, substrates of modules, filters, and antennas are 
often characterized by S-parameter files. These files 
describe how a component reflects and transmits power 
across a range of frequencies.

	f Transmission Lines: Interconnects in modules or on a PCB 
are not ideal wires; they are transmission lines with 
specific characteristic impedance and electrical length.

HB analysis solves circuit equations in the frequency 
domain; therefore, it can use S-parameter data and trans-
mission line models directly and efficiently. This avoids the 
complexities and potential inaccuracies of converting these 
models to the time domain, which would be necessary for a 
time-domain approach. The ease of using S-parameters 
makes HB the most accurate and efficient choice for 
simulating complete RF modules, from the antenna to the 
baseband interface.

The Cornerstone of Power Amplifier 
Design: Load-Pull Analysis
One of the most critical tasks in RF design is the creation of 
PAs. The goal is to maximize output power, efficiency, and 
linearity. These parameters are highly sensitive to the 
impedance presented at the source and load of the ampli-
fying transistor. Load-pull analysis systematically varies the 
load impedance to find the optimal performance point.
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Figure 8: Delivered power and power-added efficiency contours 
plotted to identify the best match for optimum performance

Figure 9: Shooting Newton waveform shows results during the stabilization period and after finding the steady-state
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Ensuring Stability in High-Gain 
Amplifiers
Any amplifier is susceptible to oscillation, and at high 
frequencies, amplifiers are even more prone to unwanted 
oscillations. A circuit that appears stable in small-signal 
analysis may oscillate when driven by a large signal 
because the impedances change with the operating 
condition. This is a complex problem to analyze and 
requires a dedicated solution for large-signal stability 
analysis. Recent enhancements to the Spectre RF Option 
provide powerful tools to diagnose potential instabilities 
that can result in oscillation. 

Example in Practice: A Multi-Stage X-Band Power 
Amplifier

Let’s consider the design of a multi-stage X-band (8GHz to 
12GHz) PA, a common component in radar and satellite 
communication systems. There are four main steps:

	f Load-Pull for Designing the Power Devices: The first step 
is to use the advanced load-pull flow on the transistors. 
An HB analysis is run, sweeping the load impedance at 
the fundamental frequency (e.g., 10GHz) and the 
harmonics (20GHz, 30GHz). The process is repeated for 
the source impedance and then iterated to yield contour 
plots that show optimal source and load impedance and 
bias for the target specifications.

	f Designing the Matching Networks: With the optimal 
match defined, design the interstage matching network. 
Repeat the process for all stages.

	f Stability Check: A large-signal stability analysis is run to 
ensure the amplifier does not have any tendency to 
oscillate under high power conditions.

	f Full Amplifier Verification: The entire multi-stage amplifier, 
complete with its matching networks, is then simulated 
using a single HB analysis. This verifies the overall gain, 
output power, PAE, and distortion across the entire 
frequency band. The Cadence Microwave Office® library 
and X-parameter support for nonlinear device modeling 
ensure accurate millimeter-wave simulation.

This detailed, simulation-driven workflow depends entirely 
on HB analysis and enables the design of complex, 
high-performance millimeter-wave circuits. It transforms 
the art of RF design into a precise engineering discipline, 
enabling first-pass success for even the most challenging 
applications.
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While HB is dominant in the world of RF and microwave 
signals, the landscape of modern analog and mixed-signal 
design is increasingly dominated by sharp, fast-switching 
waveforms. In advanced-node CMOS processes, many 
traditional analog functions are now implemented more 
efficiently using digital-style switching circuits. These 
circuits, characterized by abrupt transitions, clock-driven 
operations, and often lacking a stable DC operating point, 
pose a significant challenge for analog design tools based 
on DC or quiescent operating point analysis and conven-
tional transient (time-domain) analysis. This is where the 
time-domain-based PSS analysis capability of the shooting 
Newton engine becomes essential.

This chapter shifts our focus to the practical application of 
the shooting Newton method. We will explore how it’s 
unique time-domain approach provides unparalleled 
accuracy and efficiency for verifying the performance of 
today’s most advanced switching analog and mixed-signal 
circuits.

Thriving in a World of Sharp Edges
As we discussed in Chapter 4, HB is inefficient at repre-
senting sharp transient edges. A square wave requires 
many sinusoidal harmonics for an accurate representation, 
making the HB simulation slow and memory-intensive. The 
shooting Newton method, by its nature, is ideally suited for 
this task. As a time-domain solver, it directly calculates the 
circuit’s voltage and current transitions over time, using 
adaptive timesteps to efficiently resolve fast-rising and 
falling edges without getting bogged down.

This is crucial for analyzing circuits in which precise 
switching events define performance. These include clock 
generators, frequency dividers, switched-capacitor circuits, 
and the building blocks of high-speed data converters and 
clock-data recovery circuits. For these designs, shooting 
Newton is the clear choice for calculating a PSS.

Case Study: The Dynamic Comparator
The shooting Newton method’s power can be illustrated in 
the analysis of a dynamic comparator, also known as a 
StrongARM latch. This circuit is a fundamental building 
block in high-speed flash and successive approximation 
register (SAR) ADCs. A dynamic comparator does not have a 
traditional DC operating point. Its operation is divided into 
two phases dictated by a clock: a reset phase, where 
internal nodes are pre-charged, and a regeneration phase, 
where a small input voltage difference is rapidly amplified 
into a full-scale digital output. The challenge in analyzing a 
dynamic comparator is that the latch must be analyzed 
while it is operating linearly during the regeneration phase. 
A special feature of the shooting Newton method is its 
ability to take a snapshot of the PSS. 

Shooting Newton in Practice: Advanced Analog and 
Mixed-Signal Circuits
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Figure 11: PSS-based small-signal analysis enables measurement of the dynamic comparator transfer function and aperture time resolution

13www.cadence.com

Using the shooting Newton PSS analysis, we can accurately 
capture this two-phase behavior. The solver finds the 
periodic steady-state solution over one clock cycle. Once 
this periodic operating point is established, we can perform 
critical small-signal analyses:

	f Noise Analysis: Sampled PNoise analysis enables 
calculation of the total noise of the comparator as well as 
the noise contributions from each device in the circuit. 
The comparator’s noise often limits the ADC’s dynamic 
range.

	f Gain and Sampling Aperture: Sampled periodic AC (PAC) 
analysis enables calculation of the comparator’s gain. 
From the gain, the sampling aperture can be calculated. 
The sampling aperture determines the ADC’s time 
resolution.

Attempting to analyze these characteristics using a simple 
transient analysis would be inefficient, with long simulation 
times for both the noise analysis and sampling aperture. 
The shooting Newton method provides a direct, accurate, 
and efficient method for fully characterizing these highly 
dynamic circuits.

Advanced Applications: TDCs and Time-
Interleaved ADCs
The utility of shooting Newton extends to some of the most 
sophisticated mixed-signal circuits in modern systems.

Time-to-Digital Converters (TDCs): TDCs are essential 
components in all-digital phase-locked loops (ADPLLs) and 
high-resolution timing measurement applications. They 
function by measuring the time difference between two 
signal edges, often using a chain of delay elements. The 
operation is entirely defined by sharp, digital-like transitions 
propagating through the chain. Shooting Newton PSS 
analysis is the ideal tool for analyzing TDC performance, 

allowing designers to accurately simulate effects such as 
timing resolution (the smallest time difference it can 
measure) and the impact of device noise on timing jitter.

Clock Phase Generators for Time-Interleaved ADCs: To 
achieve extremely high sampling rates, designers often use 
time-interleaved ADCs, where multiple ADC cores sample 
the input signal in succession. This architecture requires a 
precise clock generator that produces multiple clock 
phases with exact, evenly spaced delays (e.g., four phases 
at 0, 90, 180, and 270 degrees). Any timing mismatch 
between these clock phases introduces distortion, severely 
degrading the ADC’s overall performance.

The shooting Newton engine is ideally suited for verifying 
these multi-phase clock generators. A PSS analysis can 
lock onto the periodic operation of the clock generation 
circuit. Subsequently, a PNoise analysis can calculate the 
jitter on each clock phase, and a PXF analysis can 
determine the circuit’s sensitivity to power supply noise. 
This allows designers to quantify and minimize phase 
mismatch, ensuring the high performance required from 
the time-interleaved architecture.

In conclusion, the shooting Newton engine is indispensable 
for advanced-node analog and mixed-signal circuits. By 
efficiently handling sharp transitions and circuits with a 
dynamic operating point, it opens the door to the full suite 
of periodic analyses—PAC, PNoise, and PXF. This enables 
the accurate simulation of gain, noise, jitter, and sampling 
apertures in the highly dynamic, clock-driven circuits that 
define the cutting edge of modern design.
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Over the past 30 years, we have witnessed a seismic shift 
from simple, monolithic circuits to extraordinarily complex, 
heterogeneous systems that power our connected world. 
Throughout this evolution, the Cadence Spectre RF Option 
has been an indispensable ally for engineers, providing the 
critical simulation capabilities needed to turn ideas into 
functional silicon. Its three-decade legacy is a testament to 
the power of continuous innovation and a deep under-
standing of the designer’s needs.

As we have explored throughout this guide, the core of the 
Spectre RF Option’s enduring relevance lies in its suite of 
PSS analyses. PSS analysis provides the starting point, 
establishing the time-varying operating point for a vast 
class of circuits that do not have a traditional DC steady 
state. Building on this foundation, the periodic small-signal 
analyses—PAC, PNoise, and PXF—allow designers to dissect 
circuit performance with precision, accurately modeling 
frequency conversion, noise, stability, and distortion.

The dual-engine approach, offering both harmonic balance 
and shooting Newton solvers, provides designers with the 
flexibility to choose the tool best suited for their specific 
challenge.

	f For the RF and microwave engineer crafting high-fre-
quency III-V power amplifiers or millimeter-wave 
communication modules, the HB engine provides an 
efficient, frequency-domain-native path to success, 
seamlessly handling S-parameters and enabling crucial 
analyses like load-pull.

	f For the analog and mixed-signal designer working on 
advanced-node FinFET circuits, the shooting Newton 
engine masterfully handles the sharp, clock-driven 
transitions that define modern data converters, clock 
generators, and switched-capacitor circuits.

This ability to cater to the distinct needs of different design 
domains positions the Spectre RF Option as the industry’s 
definitive verification tool. It bridges the gap between 
worlds, providing a common, trusted platform for teams 
working on everything from high-power RF front-ends to 
low-power, high-speed mixed-signal SoCs.

The story of the Spectre RF Option is not merely about its 
past accomplishments; it is about its readiness for the 
future. The design challenges ahead are even more 
complex. The “More than Moore” era will demand tighter 
integration of photonics, RF, analog, and digital logic. The 
push for 6G communication will drive frequencies into the 
sub-terahertz range. Automotive radar, IoT devices, and 
data center interconnects will all require higher perfor-
mance, lower power, and unprecedented levels of 
integration.

These future systems will place even greater demands on 
simulation accuracy, capacity, and speed. Verifying the 
intricate interactions within these multi-fabric systems will 
be paramount. The continuous innovation driving the 
Spectre RF Option, combined with the immense raw perfor-
mance of the Spectre X Simulator and its multi-threaded, 
distributed, and GPU-accelerated architecture, ensures 
that it is well-prepared for these future challenges. For 30 
years, the Spectre RF Option has been available with the 
Virtuoso ADE Suite, and now it is also available in the 
Virtuoso Studio RF.

For decades, designers have trusted Spectre RF Option to 
solve their most difficult verification problems. As we look to 
the next decade, Cadence continues to enhance and 
expand its capabilities, providing the expert analysis 
capabilities and robust performance required to overcome 
the challenges of tomorrow. With the Spectre RF Option, 
engineers have the confidence to continue pushing the 
boundaries of what is possible in electronic design.
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