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Further propelling the drive for RF board per-
formance is the need for sub-terahertz (up to 250 
GHz) frequencies to support 5G/6G transmission of 
big-data upload/downloads (Fig 1). These frequen-
cies will be essential to achieve the high wireless 
data rate throughputs necessary to provide the 
cloud processing of the massive amounts of user 
and machine data generated by ar tif icial intelli -
gence (AI) and machine-learning (ML) applications.

Wire less and other radio - f requency (RF) 
appl icat ions are pro l i ferat ing in the commerc ia l 
and aerospace/defense indust r ies.  This 
compet i t ive pro l i ferat ion is  dr iv ing the need 
for  fast  turnaround t imes for  the complex, 
h igh-per formance RF boards that  f ind use in 
radars,  drones,  sate l l i tes,  mobi le phones,  and 
other wire less end products as wel l  as the 
subsystems that  go into them.

Wireless Applications

FIGURE 1: Progression of frequencies from 1G to 6G to enable higher data bandwidths.
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RF Board Design Challenges

FIGURE 2: Clockwise from top right: the Keysight 50-GHz 
N9042B UXA signal-analyzer, the analyzer’s  
downconverter board, and a 3D visualization  
of the board’s 16 metallization layers.

RF boards present several challenges related 
to the mult i - technology integration of chips, 
packaging, modules, and antennas. Boards 
containing 30 or more integrated circuits (ICs) 
and associated components and interconnects 
typically include RF sections that require 
shielding from non-RF sections. Subcircuits must 
be impedance-matched to other subcircuits and 
of ten to pr inted antennas on the same board.

Figure 2 shows one such complex board: 
a wideband downconver ter for Keysight ’s 
50-GHz N9042B UXA signal analyzer. This 
board measures 8 by 4 inches, has 16 
metallization layers and about 250,000 vias, 
and accommodates about 1,000 sur face-mount 
technology (SMT) components. It will serve as the 
basis for a design example later in this eBook.

RF-in to IF-out

LPF LO Shield
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Several trends are emerging to address the 
challenges that such complex RF boards present 
and to simpli fy the mult i - tool design complexity 
of tradit ional design f lows. These trends range 
from the emergence of AI -dr iven circuit models 
to fast EM simulation, but they all converge on 
the goal of a comprehensive, seamless design 
f low that minimizes iterat ions and eliminates the 
manual work needed to st itch together simulation 
results from mult iple EM and circuit simulators.

The new approach overcomes the drawbacks 
of the tradit ional design environment. As Figure 
3 (lef t) shows, the tradit ional unintegrated 

Electronic Design Automation (EDA) Trends

FIGURE 3: RF Board EM-Circuit design flow 
transformation from disjointed to integrated, 
eliminating errors and weeks of manual data 
manipulation and checking.

approach includes mult iple iterations of RF 
layout, circuit simulation, and EM simulation. 
It involves mult iple cycles of cookie-cut ter 
approaches to removing structures and com-
ponents that cannot be EM-simulated, adding 
pins to replace str ipped-out components, and 
manually stitching together the results from the 
EM to circuit-simulation tools. These manual 
steps are inherently slow and prone to errors. 
The tradit ional approach also frequently involves 
t ime-consuming custom programming to create 
scr ipt f i les for many operations, such as data 
manipulation for inter facing with third-par ty tools.

RF Layout 
+ Circuit

EM-Circuit
Co-sim

EM-Circuit
Co-sim

ADS 
Tech 
file

ADS 
Tech 
file

RF Layout 
+ CircuitAdvanced

Design
System

Advanced
Design
System

START
START

FINISHED

FINISHED

R
E

P
E

AT

Integrated  
EM/Circuit 

Co-Simulation

EM 
Tech 
file

Strip Ckt Componvents & Erase non-
simulatable structures from layout

Add Pins to replace stripped ckt 
components from Layout

Export 
GDS file

Import GDS file into 
other 3rd party EM 

tools

Duplicate layer 
information

Export port  
locations to  
a .MSK file

Reconnect Ckt to EM  
S-parameters in ADS

Run custom program 
to create script file to 

auto-generate ports in 
3rd party EM tools

Auto-generate Ports 
(for complex designs)

Re-Assign  
material  

information

Set up geometry  
& ports for  
simulation

Run EM 
 simulation for 
S-parameters

Import  
S-parameters from 
EM tool into ADS



OPTIMIZE YOUR RF BOARD DESIGN FLOW        6

In contrast, modern tools can achieve a suc-
cessful one-pass design f low for implementing 
boards such as the UXA downconver ter, provid-
ing seamless automated access to circuit and 
EM co-simulation results (Fig 3). These tools 
incorporate high-capacity EM solvers with mesh 
optimization to provide 5x to 15x improvements 
in speed compared with tradit ional tools. They 
also provide the abil i ty to quickly create non-
linear models from measured or simulated data 
as well as 10x to 100x speed improvements in 
temperature-aware circuit simulation. Finally, 
for the occasions when custom programming is 
necessary, the new tools work seamlessly within 
open-source automation environments, such as 
Python, to suppor t the fast and ef f ic ient integra-
t ion into mult i - tool networks.

The integrated EM/circuit co-simulation design 
f low is becoming essential — not only for the inter-
connected components that make up the circuits 
but also for the mechanical and physical aspects 
of the board (including connectors, packaging, and 
shielding), which can af fect its RF, thermal, and 
electromagnetic inter ference/compatibility (EMI/

EMC) per formance. Fast, accurate simulation can 
eliminate the many iterations and re-spins char-
acteristic of traditional RF board design ef for ts to 
achieve optimal competitive RF per formance (for 
example, with regard to sensitivity and inter fer-
ence resistance) with fast time to market. 

In addit ion, an integrated EM/circuit co-simula-
t ion environment not only speeds design but also 
can facil i tate production by quickly simulating 
process var iat ions, helping to produce designs 
that can tolerate dif ferences in thickness, con-
ductivity, and other parameters that can f luctuate 
dur ing the manufactur ing process — thereby 
boosting yields.

Fur thermore, an integrated RF board design 
f low enables RF component providers to ef f icient-
ly of fer reference designs that can help get you 
star ted on competitive design wins for 5G/6G, 
automotive radar, Wi-Gig networking, and other 
RF/mmWave applications. Finally, RF board design 
f lows are increasingly suppor ting open environ-
ments. They can import databases from multiple 
vendors’ tools, and they permit customization 
through open-source languages such as Python.
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Available simulation tools for RF boards include 
3D f inite-element-method (FEM) and f inite-
dif ference-time-domain (FDTD) EM simulators; 
2½D method-of-moments (MoM) simulators; and 
nonlinear harmonic-balance, circuit-envelope, 
transient-convolution, and linear S-parameter 
circuit simulators. FEM can simulate arbitrary 
3D passive structures in the frequency domain. 
It par tit ions a complete f inite problem space into 
3D tetrahedral elements and can solve problems 
adaptively, with the mesh ref ined in regions where 
EM energy and f ield gradients are greatest. 

RF Board Simulation Tools
MoM also works in the frequency domain to 

solve planar 3D structures more ef f iciently than 
FEM, and it can help speed intermediate steps 
during the design f low before f inal simulation with 
FEM. And f inally, FDTD simulates arbitrary 3D 
structures in the time domain and can handle large 
and complex problems such as the human head 
next to a mobile phone for safety compliance.

Using many such EM and circuit simulation 
tools in isolat ion, however, has presented dif-
f icult ies  —  a change in circuit design, for 
example, might necessitate a change in an 
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electromechanical shielding design, which in turn 
might require more changes in the circuit design  
—  essential ly, the cure for one problem must be 
simulated to ensure it does not cause another. 
The result has been repeated iterat ions of each 
of the EM/circuit tools in alternating fashion, 
requir ing the error-prone integration of the data 
from the mult iple tools, result ing in very long 
design t imes.

Keysight ’s recent innovation is RFPro, the 
next-generation EM simulation platform for RF 
circuit designers. RFPro is integrated within the 
company’s Advanced Design System (ADS) design 
and simulation environment, which streamlines the 
integration of multi-technology circuit-assembly 
and simulation into a complete design workf low. 
ADS can import databases from dif ferent tools, 
and it of fers data-analysis capabilit ies that can 
ef f iciently process simulation results.

As par t of ADS, RFPro combines mult iple 
tools into one simulation environment for EM 
and circuit co-simulation and optimization. 
RFPro integrates FEM and MoM EM solvers. To 
speed the EM simulation operation — to enable 
fast process-var iat ion analysis, for example 
— Keysight ’s implementation of MoM, called 
Momentum, employs precomputed Green’s func-
t ions and matr ix compression techniques to 
provide signif icantly faster EM simulations than 
ful l  3D simulators can achieve.

RFPro optimizes 3D and 2½D EM simulation 
for RF circuit designers to automate EM-circuit 
co-simulation, ensur ing design integr ity by 

making layout cookie-cut t ing unnecessary. In 
addit ion to per forming accurate circuit simula-
t ion in ADS, RFPro takes into account EM and 
impedance ef fects of packaging, 3D intercon-
nects, arbitrary metal shapes, antennas, mater ial 
electr ical character ist ics, and size dif ferences 
caused by process var iat ions. These var iat ions 
can include etch bias, which allows you to quick-
ly analyze the ef fect of over/under-etching (which 
alters the electr ical per formance) with automatic 
mesh morphing without the need to develop sep-
arate parameter ized layouts. 

RFPro also can simulate thickness bias, with 
thickness var iat ions specif ied in percent or 
absolute values (for example, 4 µm), and reg-
istrat ion bias, which permits analysis of the 
ef fects of mask misalignment. I t  can also sim-
ulate conduct ivi ty bias and permit t iv i ty bias 
process var iat ions for conductors and semi-
conductors. Because the simulat ion is so fast, 
designers can readi ly opt imize their designs with 
respect to physical character ist ics as well  as 
electr ical parameters.

In addit ion to eliminating the cookie-cut ter 
approaches, the tools suppor t state-of- the-ar t 
data analysis, including pre- layout analysis to 
help identify RF cr it ical nets. They also enable 
engineers to visualize results on famil iar instru-
ment- l ike Smith char ts or rectangular plots and 
to study 3D sur face current f lows or antenna 
beamforming radiat ion pat terns  —  all before 
building any hardware so that design f laws can 
be f ixed upstream.



Automate Your RF Board Design
Flow with RFPro

Achieve error-free design integrity and accelerate time to market
with a seamless EM / circuit co-simulation environment.

Show me how

https://www.keysight.com/us/en/learn/course.rf-board-design-flow-boot-camp.html?cmpid=ASC-2116483&utm_source=ADSPONSORSHIP&utm_medium=ASC&utm_campaign=310
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Co-Simulation Design Flow
In the co-simulation environment, the typical 
RF-board design f low proceeds as fol lows: 

•	 Read in board data as an industry-standard 
ODB++ or another f i le format. Edit as appro-
pr iate  —  for example, add RF shields, 3D 
connectors, 3D SMT components, and input /
output por ts. Then, specify mater ial proper t ies 
such as the dielectr ic constant and loss.

•	 Select what structure to simulate with EM or 
circuit simulation.

•	 Per form the 3D, 2½D, and circuit co-simulation 
in one environment for spec compliance.

•	 Check for manufactur ing tolerances, and opti -
mize for tolerance robustness.

•	 Obtain sign-of f for the hardware prototype and 
measurements before volume production. 

As a design example, Keysight ’s instruments 
R&D team used RFPro in ADS to design the 
50-GHz signal analyzer ’s wideband downcon-
ver ter board. RFPro’s advanced EM tools with 
intuit ive automated exper t settings enabled the 
design team to quickly optimize the board’s 
250,000 vias, RF shielding, RF routing, and pack-
aging structures; it also suppor ted fast dedicated 
analyses for board impairments before production.

The UXA downconverter board takes the main RF 
input, downconverts it to an intermediate frequency 
(IF), and feeds the IF signal to sister boards. The 
key challenge is to obtain accurate high-frequency 
per formance with minimal noise and inter ference. 
The design f low included several steps.

The f irst step was to analyze the tolerance sen-
sit ivity of the board’s low-pass-f i l ter. To do that, 
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the team viewed the board in ADS and selected 
only the f i l ter and ground as the par ts of inter-
est. With ADS, a mesh optimization process can 
identify such a region of interest without explic it 
cookie-cut t ing that can cause erroneous simulat-
ed resonances.

The R&D team also examined the ef fect of 
etch bias (expressed as a percentage of layer 
thickness), in which the physical realized metal -
l izat ion dif fers from the ideal because of process 
var iat ions, as shown in Figure 4A. With RFPro, 
a mesh morphing technique eliminates the need 
for t ime-consuming manual geometry parame-
ter ization. The team compared MoM and FEM 
simulation results with actual measurement 
results (Fig 4B) and concluded that the impact of 
an etch bias from -40% to +40% was acceptable 
(Fig 4C), indicating that the design could toler-
ate a wide range of manufactur ing var iat ions and 
thereby enable high production yields.

FIGURE 4: Low-pass filter +/-40% process variation sensitivity 
analysis showing S-parameter vs. frequency tolerance response. 
Confirmed with measurements.
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FIGURE 5: Identification of cavity resonance and simulation of a shield with and without a poly-metal absorber to mitigate cavity resonances.

In addit ion to investigating etch bias, the R&D 
team analyzed the local oscil lator shielding to 
identify shield resonances (Fig 5). ADS per-
mits investigation of such resonances using a 
simpli f ied model to save t ime before a f inal ful l 
simulation. For the UXA board, the simpli f ied 
model ran in about two minutes, versus 25 min-
utes for the ful l  model (running on a laptop with 

an Intel Core i7 processor). The simulations 
showed that the UXA board’s local-oscil lator 
(LO) shield required a poly-metal absorber, which 
reduced resonance Q factors by at least three 
orders without adding any new resonances. The 
ful l  simulation ver if ied the results obtained using 
the simpli f ied model.
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FIGURE 6A: Nonlinear excitation (top right) of RF and LO inputs to obtain IF output.

FIGURE 6B: RF Board critical 
path from RF to IF with LO 
injection is conveniently 
simulated without traditional 
cookie-cutting. Accuracy verified 
with measurements shown.

Yet another step the R&D 
team per formed was to 
investigate how the signal is 
down-mixed from the board’s 
RF input and high and low 
LO inputs to the IF output. 
The team was able to easily 
select the RF/LO to IF signal 
path and develop a simula-
t ion that applied a broadband 
nonlinear excitat ion to the 
RF and LO inputs (Fig 6A) 
while measur ing the signal 
spectrum at the IF output. 

This approach auto-
mated the EM extraction, 
including parasit ics, using 
FEM, without requir ing any 
t ime-consuming and error-
prone manual cookie-cut t ing 
to isolate the signal path. 
The automated process also 
preserved design integrity 
and enhanced traceability. 
For the UXA board, the FEM 
extraction took four hours 
and 30 minutes and 120 GB 
of memory to evaluate 25 
mill ion unknowns. Figure 6B 
shows the measured and 
simulated IF results. Both 
indicate that f latness remains 
within acceptable minimum 
and maximum limits.
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Component and Packaging Simulation
I t is becoming increasingly impor tant that 
3D components such as SMT inductors and 
connectors be simulated accurately for f irst-
pass success to eliminate iterat ions. Sof tware 
applicable to this process includes Keysight ’s 
EMPro FEM and FDTD 3D EM simulation and 
modeling environment, which can be used in 
conjunction with ADS RFPro for EM and circuit 
co-simulation. RFPro provides instant EM 
simulation access dur ing design with automatic 
exper t set t ings, making the tool easy to use for 
circuit designers — not just highly exper ienced 
EM engineers.

RFPro’s enhanced FEM engine easily handles 
mixed board-packaging technologies, and it 
enables interactive EM simulation and EM-circuit 

co-simulation to analyze coupling ef fects 
between technologies. In addit ion, stat ist ical 
EM simulation can help produce tolerance- in-
sensit ive designs to boost production yields. 
Parameters such as temperature, as well as pro-
cess and mater ial proper ty var iat ions, can be 
swept dur ing simulations.

Simulat ions can run local ly or in an accel -
erated high-per formance-computing (HPC) 
environment. Keysight of fers cost-ef fect ive HPC 
accelerator l icenses that can be incremental ly 
added to the base simulat ion tools to achieve 
desired t ime savings. The hardware and memory 
to run the paral lel ized HPC simulat ions can be 
hosted through c loud services or on-premises 
compute c lusters.
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Python Customization
In any design f low, engineers tend to need some 
customization. The integration of the popular 
open-source Python language is ef fect ive in 
automating the design f low and creating AI 
models for use in simulation. Keysight of fers four 
key features to suppor t Python: 

•	 ADS now suppor ts expanded APIs that al low 
deeper access to functions inside the plat form 
with an emphasis on Python.

•	 Visual Studio now of fers professional code 
development suppor t for Python.

•	 ADS allows teams to fol low the tradit ional 
route for deployment or to use Python to create 
new deployment models to invoke ADS func-
t ions from outside the plat form, including from 
stand-alone apps.

•	 ADS enables teams to run Python code 
interactively from the new Python console com-
mand- line inter face.
 
With these capabil i t ies, designers can cre-

ate a schematic from scratch; add terminations, 
grounds, and components; set component values; 
and wire components together.
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Two examples demonstrate the benef its of 
Python automation in ADS. The f irst involves 
linking test equipment to the design environment. 
Keysight of fers standard modulated source wave-
form models in ADS, but designers may need 
a custom waveform for a power-amplif ier (PA) 
design, for example. They can write a Python 
script that connects Keysight ’s PathWave vector 
signal analyzer (VSA) sof tware together with ADS. 

The scr ipt grabs a l ive instrument-generat-
ed modulated IQ waveform and br ings it into 

ADS. In turn, ADS generates an output dataset 
that can be brought back into the VSA sof tware 
for demodulation (Fig 7). Essential ly, ADS can 
use the same waveform, with the same error 
vector magnitude (EVM), in the design environ-
ment as is used in the test environment. This 
hardware-and sof tware- in-the- loop technique 
represents a power ful tool enhancement for 
emerging technologies, and it serves as an intro -
duction to digital twinning.

FIGURE 7: Hardware and software in the loop using Python automation.
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The second Python example elaborates on the 
digital twins concept by applying ar t i f ic ial neu-
ral nets (ANNs) as a modeling tool. ANNs can 
take sparse or ir regular ly spaced data and allow 
smooth interpolat ion to der ive waveforms with 
well -behaved der ivatives. With ANNs, designers 
can take stat ic measurement datasets that they 

FIGURE 8: Using Python automation and ANNs to create models from datasets.

have on hand and turn them into executable sim-
ulat ion models (Fig 8). In addit ion, they can take 
a published data-sheet curve and turn it into a 
PA behavioral model. The new Python hooks in 
ADS make it easy to use ANNs for al l  types of 
mult ivar iate data to apply to AI and ML applica-
t ions in ADS.
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Data Management and Version Control
Design data management (DM) and version 
control are also cr it ical concerns in complex 
mult iple iterat ion designs. An ef fect ive approach 
to version control and DM avoids data loss 
and allows designers to rever t to a previous 
design from any date, saving the t ime that would 
otherwise be needed to recreate a previously 
discarded version. Keysight ’s Cliosof t SOS tool 
suppor ts several key capabil i t ies, including 
reuse, design data management, collaboration, 
and analysis.

For example, Cl iosof t  SOS suppor ts reuse 
through an IP catalog with the abi l i t y to propa-
gate f ixes and releases. In addit ion, i t  manages 
RF design data, RTL and digi tal  design data, 
and analog and custom design data as wel l  as 
test plans, test processes, and test data dur ing 
simulat ion and test .  I t  also inc ludes a web-
based inter face to fac i l i tate the management of 
design documents.

Cliosof t SOS also optimizes network disk 
usage and storage. Instead of requir ing users to 
store ful l physical copies of design f i les in each 
user work area, i t establishes design f i les in 
each user work area as symlinks, except for f i les 
being edited (Fig 9).

In addit ion, Cliosof t SOS enhances collabo-
rat ion through remote cache servers, provides 
auto synchronization, ensures secure and ef f i -
c ient data transfer, and facil i tates design-change 
handof f. I t also can generate design-audit 

repor ts, identify hierarchical schematic / layout 
dif ferences, and track changes between releases 
and over t ime.

Version control in ADS enables designers to 
rever t back to earlier versions of a design with 
full traceability of what changed because they are 
never deleted, and all versions are maintained.

Figure 9. Traditional (top) and SOS (bottom) storage approaches.
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Summary
•	 The growing wireless industry is dr iving 

competit ion for prof it in the RF board market. 

•	 Unlike tradit ional PCB boards, producing RF 
boards to compete for t ight market windows 
requires circuit and EM simulation before 
building hardware to eliminate wasteful rework. 

•	 RF board Electronic Design Automation (EDA) 
sof tware now enables RF Boards to be easily 
impor ted in industry-standard formats such as 
ODB++ for accurate simulation of only the RF 
paths, without the need for tedious error-prone 
manual cut t ing and extraction.

•	 RF paths include RF metal traces, sur face 
mount devices (SMD), packaging, pr inted 
antennas, and connectors. Accurate simulation 
requires both circuit and EM analyses together, 
called EM-circuit co-simulation.

•	 RF board EM-circuit co-simulation design 
f low is now automated to replace tradit ional 
separate circuit and EM analyses, fol lowed 
by manual connection of simulated results. 
This reduces days and weeks of manual data 
connection and checking to minutes while 
preserving error-free design integr ity for 
subsequent sign of f to production.

•	 Automated EM-c i rcui t  co -s imulat ion enables 
product ion process var iat ions,  such as 
over/under etching,  to be easi ly  analyzed 
to ensure high product ion y ie lds despi te 
manufactur ing to lerances. 

•	 RF Board EDA sof tware must include Python 
automation to enable power ful AI/Machine 
Learning capabil i t ies and other PCB tools to be 
ef f ic iently integrated into your design f low to 
speed product development for winning in the 
competit ive RF board market.

•	 IP reuse, prevent ion of  IP and design 
database cor rupt ion f rom mal ic ious at tacks, 
or benign mix ing of outdated or er roneous 
data are of ten over looked but are cr i t ical 
requirements in your RF board design f low  
to prevent cr ippl ing data loss.
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Resources

HOW-TO VIDEOS
•	 What ’s New in RF and Microwave Design

LEARNING COURSES
•	 RF Board Design Flow Educat ional Bootcamp

•	 The Impor tance of RF Simulat ion

•	 How to Design an RF Power Ampli f ier

•	 Ensure your RF Power Ampli f ier Doesn’t Become an Osci l lator

•	 Ident i f y RF coupl ing issues ear ly with EM/Circuit Co-Simulat ion

•	 How to Integrate Mult i -Technology RF Assemblies

•	 Designing with 5G Modulated Signals

•	 Designing for Modulation with Keysight EDA Video Asset Page

•	 Designing for Digital Pre-Distor tion in Power Amplif iers

•	 Using Electro -Thermal Simulat ion in Your Next IC Design

APPLICATION NOTES
•	 Br inging Beamforming and mmWave to 5G UEs PDF Asset Page

•	 Designing Robust 5G Power Ampli f iers for the Real Wor ld

•	 Designing for Stabi l i t y in High Frequency Circuits

•	 How to Generate and Simulate a Dynamic Gain Model in PathWave Advanced Design System (ADS)

EBOOKS
•	 Four Secrets to Master ing Mil l imeter-Wave Communicat ions Circuit Design

•	 Four Real -Wor ld Appl icat ions for Electromagnet ic Simulat ion

CASE STUDIES
•	 Dr iv ing Innovat ion Shor tens Design Cycle by 65% for First- to -Market MEMS RF Switch

Start today by accessing the resources 
listed below to see deeper insights into 
the issues and techniques discussed  
in this eBook. Check them regularly  
for the latest updates!

Staying up-to-date with the latest RF board design trends 
is essential to remain competitive in the rapidly evolving 
RF market. Did you realize there may be product updates 
and new technology that could make your design task 
easier, or help you keep pace with industry changes?  

https://www.keysight.com/us/en/lib/resources/software-releases/whats-new-in-rf-microwave.html
https://www.keysight.com/us/en/learn/course.rf-board-design-flow-boot-camp.html
https://www.keysight.com/us/en/learn/course.the-importance-of-rf-simulation-matt-ozalas-interview.html
https://www.keysight.com/us/en/learn/course.how-to-design-an-rf-power-amplifier.html
https://www.keysight.com/us/en/learn/course.how-to-design-a-stable-high-frequency-amplifier.html
https://www.keysight.com/us/en/learn/course.integrated-3d-em-circuit-co-simulation-for-first-pass-design-win.html
https://www.keysight.com/us/en/learn/course.designing-wafer-level-rf-chip-scale-packaging.html
https://www.keysight.com/us/en/learn/course.designing-with-5g-modulated-signals.html
https://www.keysight.com/us/en/assets/6123-2545/webinars/256-Designing-for-Modulation-with-Keysight-EDA.mp4
https://www.keysight.com/us/en/assets/6123-2464/webinars/211-Designing-for-Digital-Pre-Distortion-in-Power-Amplifiers.mp4
https://www.keysight.com/us/en/learn/course.using-electro-thermal-simulation-in-your-next-ic-design.html
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