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Keysight EEsof EDA’s Advanced Design System (ADS) software is the world’s leading 
electronic design automation solution for RF, microwave, and high-speed digital applications. 
ADS features a host of new, technologies designed to improve productivity, including two 
electromagnetic (EM) software solutions specifically created to help signal and power integrity 
engineers improve high-speed link performance in PCB designs. What follows is a listing of 
8 ways in which ASD can help you, the engineer, overcome your signal and power integrity 
challenges.
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1. ADS provides speed and accuracy for your SI EM characterization
Electromagnetic (EM) technologies are typically used to accurately characterize loss and 
coupling of high speed channels. As data rates increase, a major dilemma is the choice of 
which EM technology to use. Full-wave general purpose EM simulation tools offer the desired 
accuracy at high-frequencies. The limiting factor of 3D-EM technology for SI analysis is simply 
the scale and complexity of PCB designs. Densely-routed boards require hours of engineering 
time to manually simplify a layout, cookie-cut the signal nets, and optimize the meshing to 
achieve accurate results in a practical time (many hours of simulation). Designers can only 
verify small sections of the board at one time.

Hybrid simulators are much faster by comparison, and can be used for greater coverage of 
the nets on the boards; however, there is always the question of whether or not the simulation 
correlates well with measurement. Moreover, what EM effects were missed by using the 
simplified techniques? 

ADS introduces two EM analysis solutions—SIPro and PIPro—that are specifically designed to 
overcome these challenges. SIPro focuses on enabling SI EM analysis of high-speed links on 
large, complex high-speed PCBs, while PIPro is used for PI EM analysis of power distribution 
networks (PDNs), including DC IR drop analysis, AC PDN impedance analysis and power plane 
resonance analysis. 

In particular, SIPro utilizes a composite EM technology to deliver pure-EM analysis with 
higher capacity than general purpose EM solutions. It captures all relevant EM effects, such 
as via-via coupling, via to microstrip transitions, and signal to ground/power plane coupling. 
From the net-driven user interface—a feature common to both the SIPro and PIPro suite of EM 
simulators—designers can quickly select only those nets they want to simulate, together with 
the power and ground planes and components, and with no time or engineering effort required 
to manually edit or manipulate layout objects before simulation. Ports can also be automatically 
setup. With this workflow, designers can go from layout to results in less than 20 clicks  
(Figure 1).



03 | Keysight | 8 Ways ADS Overcomes Signal and Power Integrity Challenges - Technical Overview

Figure 1. SIPro delivers results approaching the accuracy of full-wave 3D-EM solutions, but in a fraction of 
the time.

When the EM simulation is finished, designers can quickly plot the S-parameters (Single-Ended 
and Mixed-Mode), TDR/TDT and crosstalk. Doing so enables them to quickly assess whether 
or not the EM model is sufficiently characterized and if the channel performs as expected. 
With a single-click, automatic schematic generation back-annotates the EM model to an ADS 
schematic, making it ready for use in transient and channel simulations, in one easy flow. With 
such capabilities, SIPro delivers both the speed and accuracy today’s designers need, enabling 
a more productive workflow.  
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2. ADS simplifies the use of S-parameter files for your parts
Imagine you’ve just downloaded an S-parameter file for a part you are considering; in this case, 
a high-speed connector for a backplane. It has a large number of ports, so you want to first 
inspect the quality of the data and then use it in your simulation. How do you wire it up in the 
schematic? Which ports are paired?

Traditionally, the answer might be to open up the data in a text editor. However, with ADS’s 
S-Parameter Checker, designers can now easily view the contents of any S-parameter file 
without having to setup an S-parameter test bench simulation. This allows them to directly plot 
the individual relations they wish to see, and shows them the port names against each pin. It 
also tells designers if the file is passive or reciprocal, as well as the number of data points in the 
file and the frequency range it covers. Designers can even use S-Parameter Checker to rename, 
re-order and reduce the number of ports, which enables them to save a new, more usable 
S-parameter file (Figure 2).

Figure 2. The S-Parameter Checker allows design engineers to easily rename, re-order and reduce the 
number of ports.

In addition to the S-Parameter Checker, using S-parameter files in ADS simulations is now even 
easier with recent updates. The new SnP component reads port names from the file directly 
onto the symbol (Figure 3). Designers are free to choose the orientation of pins so that all 
inputs are on one side and all outputs are on the other. As a result, there is no more crossing 
of wires. After this, all that’s left for the designer to do is View, Edit, Place, Sim, Plot, and Done 
(Figure 4).
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Figure 3. ADS’s SnP component reads port names from the file directly onto the symbol, and enables you 
to choose the pin orientation.

Figure 4. Using S-Parameter Checker and SnP component, downloading and using an S-parameter file for 
a part is easy as View, Edit, Place, Sim, Plot, and Done.
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3. ADS provides access to industry-leading channel simulator technology
New disruptive technologies spring forth from tough technical challenges. That’s certainly the 
case for ADS’s Channel Simulation. This technology first became prevalent when transient 
simulation (SPICE) couldn’t address the measurement of margin-to-mask for really low bit-
error-rates (BER), as demanded by high-speed link designs. 

Before Channel Simulation, transient simulation was the predominant approach used to 
simulate a high-speed link design. However, designers were struggling with a tough technical 
challenge: What margin do I have at a BER of 1e-9, 1e-12, or 1e-16? These questions are 
outside the capability of transient simulation alone, because the sheer number of time steps 
required is beyond practical means. Computing BER contours with Channel Simulation arose as 
a way to answer this challenge. 
 
The underpinnings of ADS’ technical leadership in Channel Simulation began with Dr. Fangyi 
Rao’s 2006 patent to correct for passivity, while ensuring causality, in bandlimited frequency-
domain models. Dr. Rao work ensured ADS was regarded as the most accurate solution for 
handling cascades of S-parameter models combined with circuit models in one schematic. 
Following the patent’s issuance, further innovation into Channel Simulation continued at a swift 
pace:

 – In 2009, Bit-by-Bit Channel Simulation was released.
 – In 2010, Statistical Channel Simulation was released.
 – In 2011, IBIS-AMI support for Channel Simulation was introduced.
 – In 2012, an IEEE paper was published on the rigorous handling of Tx Jitter mechanisms 

(e.g., jitter amplification caused by lossy channels), with Dr. Rao as the author.

The pace of innovation continues even today, with ADS’s Channel Simulator widely-regarded 
as the industry-standard.-. ADS continues to further expand on the Channel Simulator’s 
capabilities. To better understand these capabilities, consider the following two examples:

Example 1: Designer A is often in an early pre-layout phase of design, without having selected 
specific IC vendors. An IBIS-AMI transmitter (Tx) model exists for one end of the link, but there 
is no suitable IBIS-AMI receiver (Rx) model for the other side. The focus is on channel design 
and the need to come up with some layout constraints, without having expertise on the receiver 
setup. He would like to use the generic receiver component (Diff_Tx) found in ADS, which can 
compute the optimum FFE and DFE taps for the receiver and even adaptively adjust the receive 
equalization.

Solution: In ADS, designers can use the generic receiver component (Diff_Tx) found in ADS, 
which can compute the optimum FFE and DFE taps for the receiver and even adaptively adjust 
the receive equalization. ADS allows designers to mix-and-match models from IBIS-AMI and 
non-AMI generic built-in models, and SPICE (Figure 5). Additionally, the Channel Simulator now 
supports IBIS package (.pkg) entries directly, and more extensively than before. And, it offers 
pre-standard support for IBIS v6.1, even before the official IBIS parser is available. Overclocking 
of IBIS models is one example of a new v6.1 inclusion.
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Figure 5. With ADS, designers can mix-and-match models from IBIS, IBIS-AMI, SPICE, and generic built-in 
models.

Example 2: Designer B wants to work designs based on specific link specifications and needs Tx 
and Rx models.  

Solution: ADS includes IBIS-AMI Tx and Rx models for PCIe3, USB 3.1 and 100GbE. These 
models ship with Compliance Test Benches  and/or workspaces templates. Two prime examples 
are templates for MIPI® C-PHYSM, D-PHYSM and M-PHY®, and a workspace for the PCIe 3 
standard-specific EQ Presets, which are added to the PCIe 3 Compliance Test Bench and ready 
for batch-mode simulation (Figure 6 and 7).

Figure 6. ADS provides a template for MIPI M-PHY simulation.
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Figure 7. ADS features PCIe3 standard-specific EQ presets, which have been added to the PCIe 3 CTB.
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4. ADS stays ahead of technology waves (such as PAM-4)
For some, the day-to-day SI challenges associated with designing consumer products 
have been all about managing complexity and protecting link performance, while reducing 
production cost. They work to fit high-speed links of various standards into densely-routed 
PCBs on inexpensive lossy materials. For others, the SI challenge is researching how to go 
further and faster on low-loss materials and fabrication processes, such as those needed to 
produce the high-speed backplanes used in datacenters. These traces in the backplane are 
usually treated to more expensive fabrication options like back-drilling of vias—adequately 
spaced traces with well-defined ground references (well-stitched with vias, and mostly solid 
planes) above and below the transmission lines. Here, the critical question becomes: What do 
I need to know about my materials and via-designs, and the fabricator’s process variation in 
order to run a link at 50 Gbps robustly?  

For both types of SI specialists, there are similarities. Market pressures on IP routers/server 
products set an expectation to do more at a lower cost per bit. As our thirst for data increases, 
technology needs to advance instep. However, to go faster and provide a single 100-Gbps 
electrical lane across the distance of a typical backplane, is beyond present day technology. To 
reach the desired data rates, many more lanes of data must be added. Unfortunately, that again 
raises the problem of how to route the board with no space left on the PCB to support the 
additional lanes. Designers working on consumer products face the exact same issue. 

The prevailing solution may be an entirely different signaling standard to Non-Return to Zero 
(NRZ), as shown in Figure 8. That solution is Pulsed-Amplitude Modulation (PAM) for high 
speed serial links. It represents a revolutionary step in the industry; however, it also presents 
a unique set of challenges as well. For example, we can transmit a PAM-4 symbol (each level 
represents two raw bits) at 28 Gbaud, and deliver 56 Gbps at the other end. The penalty is that 
the ICs use more power, the signal itself has a reduced Signal-to-Noise ratio (SNR), and the 
receiver design is more complex.

Figure 8. PAM-4 offers a viable alternative to NRZ.
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For the receiver architecture, there are three slicers making the decision about whether or 
not the signal is above each of the 3 thresholds. To improve the Symbol Error Rate (SER), 
the receiver may independently control each of these decision slicers, adjusting the voltage 
thresholds for the decisions adaptively. Furthermore, the sampling time of each slicer can be 
individually offset to deal with eyes that appear off-center from each other. This timing can be 
adjusted adaptively as well. But with this level of complexity, how do you perform a PAM-4 link 
simulation?

The answer is two-fold. Addressing this challenge requires an EDA vendor that stays ahead of 
the technology waves and provides a solution with the ability to simulate and measure PAM-4 
signals. Keysight EDA is just such a trusted source. It provides channel simulator technology 
for PAM-4 IBIS-AMI models ahead of the IBIS v6.1 standard. And, it offers PAM-4 simulation 
technology, designed through close collaboration with leading PAM4 IC vendors, to fully 
capture expected receiver behavior (Figure 9).  

For measurement of PAM-4 signals, Keysight EDA’s ADS offers channel simulation algorithms 
to measure the SER contours for each eye, providing the timing and voltage bathtubs of each.  

Figure 9. ADS supports PAM-4 simulation.

The channel simulation algorithms in ADS are the same as the measurement algorithms used 
in Keysight test instruments. Furthermore, waveforms from ADS channel simulations can 
be transferred across to the Keysight FlexDCA in order to make simulation-to-measurement 
correlations. (For more information on this process refer to the DesignCon 2016 paper by 
Keysight’s Heidi Barnes: http://literature.cdn.keysight.com/litweb/pdf/5992-1320EN.
pdf). Here, Keysight EEsof EDA provides a methodology for calibrating the simulation and 
measurement, which can then be extended to faster and faster data rates. 

http://literature.cdn.keysight.com/litweb/pdf/5992-1320EN.pdf
http://literature.cdn.keysight.com/litweb/pdf/5992-1320EN.pdf
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Figure 10. ADS channel simulation waveform can be transferred to FlexDCA to make simulation-to- 
measurement correlations.
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5. ADS accelerates DDR4 simulation methodologies
Traditionally, toolsets for simulating DDR have revolved around SPICE (transient) simulation.  
The measurements for timing delay between signals (skew), the setup and hold times (how 
long it takes to reach the V-high threshold and how long it stays above that threshold) on data 
lines, command/address lines and control lines, are well known to memory designers. But, do 
these same design methodologies still apply at 4266 MHz as they did at 1333 MHz (DDR3)? 
The answer is mixed, given that some of the traditional measurements continue into the DDR4 
JEDEC specification, while others are new and evolutionary.  

The issue is that at ever faster speed grades, random and deterministic jitter plays a much 
more significant role, eating up a substantial proportion of the eye, the unit interval (UI), as 
shown in Figure 11. The same physical length of track now has a larger number of bits in flight 
at any point in time (e.g., longer electrical length = more wavelengths), and that means that 
any impedance mismatches (reflections from one bit) cause Inter-Symbol interference (ISI) 
that impacts a larger number of bits that follow. Crosstalk from nearby tracks only adds to the 
interference (Figure 12).

Figure 11. Random and deterministic jitter can eat up a substantial proportion of the eye at faster speed 
grades.
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As a designer, you could simulate 1-million bits through your channel with a transient simulator 
and pass all of the traditional tests. Then, you could simulate a second time with a new random 
bit stream and fail one of the tests, but why? First, it’s just the nature of random jitter, the 
statistical profile of which has a long tail. How much margin to the compliance limit is enough 
to ensure robust operation? Secondly, when finding the maximum degradation to the eye from 
ISI, there is an exponential explosion in the number of bit stream combinations to simulate; that 
is, the one ‘worst-case’ bit stream pattern.  The worst-case bit stream is a set of unique data 
patterns on the victim line and each of the crosstalk aggressors, which would cause the eye to 
collapse the most.

An additional concern is the need for high-performance robust memory systems. Most 
understand the critical role that memory plays, and have witnessed the resulting system crash 
from a memory fault. This is the reason that JEDEC introduced a new BER Receiver Mask 
Test for data lines. The concept of a compliance mask is borrowed from high-speed serial 
communication standards. It allows the data lines to be designed to meet a BER target (1e-16 
and lower), without being overly restrictive in the design constraints that would otherwise drive 
up costs and lengthen time-to-market. 

This poses an important question: In simulation, how do you check compliance against the 
mask? Keysight EDA offers a novel DDR Bus simulator specifically designed to accomplish 
this task. It is a bit-by-bit channel simulator for parallel buses (Figure 13). It characterizes all 
transmitter paths at once, and calculates the BER contours for each eye at the receive side, 
together with the measurements for margin to mask. The simulator is unique in that it correctly 
handles the asymmetric rise and falling edges found with single-ended signals. Also, the Tx 
and Rx models can be used to drive IBIS models, or mixed with SPICE models. The speed of 
the simulator allows it to be used in place of transient simulation for many pre-layout tasks, 
where the designer wants to sweep multiple parameters (channel configurations), or investigate 
performance improvements. Together with batch simulation, it is a powerful tool for pre-layout 
design exploration, as well as post-layout verification for compliance.          

Figure 12. Impedance mismatches cause ISI. Crosstalk from nearby tracks adds to the interference.
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To further complement these capabilities, ADS now adds built-in support for receiver 
equalization (CTLE, FFE, n-tap DFE), as shown in Figure 14. This requirement is being driven 
by companies developing memory controller ICs and attempting to maximize link margins, 
particularly for DQ, DQS and CLK signals on server memory architectures where the lines are 
long. Keysight’s  advantage is that it offers a single-ended receiver model with EQ that does not 
interfere with the Linear Time-Invariant requirement for accurate channel simulation.     

Figure 14. ADS introduces support for receiver equalization to speed DDR4 simulation.

Figure 13. Keysight EEsof EDA’s DDR Bus simulator is a bit-by-bit channel simulator for parallel buses.
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6. ADS puts power in the hands of designers (PI analyses)
In recent years, Power Integrity has developed into its own specialist domain. In the simplest 
sense, the objective is to ensure the ICs in the system receive the required voltage and 
sufficient current to operate correctly. The starting point is to determine if the right DC voltage 
and current can be delivered to each of the ICs that demand it (e.g., the sinks). At the outset, 
this might seem like a trivial calculation. However, PI has become an ever-increasing challenge 
in modern day high-speed systems, driven by two main forces:

1. Higher device integration with lower IC supply voltages
 –  Lower voltage creates demand for higher current per device pin, which translates to 

more DC voltage drop.
 –  Lower voltage requires tighter control of the DC-IR drop to maintain ± 5% typical 

voltage requirements of the sink and that means less allowed DC voltage drop.  
 –  Higher device integration creates denser routing around the IC, resulting in higher 

current density in the power network and more DC voltage drop.

2. Shrinkage of the PCB for smaller form factors. Less real estate on the PCB results in 
more densely routed signal traces, and less space for nice wide power planes. The 
natural outcome is that power planes and grounds are heavily perforated by clearance 
holes (anti-pads) around vias from other nets (Figure 15). As the planes begin to resem-
ble Swiss-cheese, the available pathways for the current to flow through become thinner 
and there is a greater resistance, which in turn causes a DC voltage drop.

Figure 15. When PCBs shrink, power planes and grounds become heavily perforated by clearance holes.

In the past, calculations in a notebook would have been sufficient to deal with PI. In modern 
design, however, a true PI-DC simulator is required to take into account the real physical 
layout of the power delivery network (PDN), together with the inputs for materials, like plating 
thickness for vias (since the metal thickness in the vias will play a significant role in the DC 
voltage drop calculation).

The PIPro suite of EM simulators offers the perfect solution for this task. With a dedicated 
PI-DC simulator, designers get visual feedback in just seconds on exactly what the voltage 
distribution looks like for the selected power and ground nets (Figure 16).
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Figure 16. Designers receive a visual distribution of selected power and ground nets within seconds.

ADS also allows designers to check the current flow through individual vias and the voltage 
and current at specific locations like individual pins on the sinks and voltage regulator module 
(VRM). This information is reported in a sortable table. Vias that carry too much current can be 
highlighted in the layout for easy identification (Figure 17).

Figure 17. Vias carrying too much current can be highlighted in the layout for easy identification.

At DC, the designer is typically trying to design a PDN with a resistance in the low mΩ (for 
example, less than 100 mΩ). Finding areas where the resistance is high, by viewing the current 
density, provides immediate insights into how best to improve the design. This is possible with 
ADS (Figure 18).
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Figure 18. With ADS, designers can easily find areas where the resistance is high.

The placement of the power-supply voltage regulator module (VRM) is key in the design. A VRM 
may supply multiple sinks, and some VRMs may have a ‘sense-line,’ which is a feedback line 
from the main PDN close to the sinks. The sense-line provides the VRM with a view as to the 
voltage level that it is delivering so that it can adjust its output voltage accordingly. However, 
this raises the issue of how to check that the VRM (with sense-line) is providing enough voltage 
to the furthest sink, while not providing too much voltage to the closest sink.

With ADS, one can use the automated schematic generation from PIPro to populate an 
EM-accurate model of the PDN, with the circuit model of the VRM and sinks. Then, the designer 
must tune to the VRM to verify that an output voltage setting exists that can satisfy each sink 
accordingly (Figure 19).

Figure 19. With PIPro, designers can check that the VRM (with sense-line) provides enough voltage to the 
furthest sink, while not providing too much voltage to the closest sink.
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7. ADS enables flat PDN impedance responses
While considering PI from a DC perspective is important, it is equally important to consider 
it from an AC perspective. In the PDN, there are multiple ICs acting as sinks, each of which 
switch on and off at varied frequencies. Their current draw is not constant and the load is 
switching from a low to high impedance with the time dependent on the operation being 
performed. When a sink switches to a low impedance, the time it takes for the VRM to respond 
and provide the additional current is limited by the speed of an electrical signal on a PCB. This 
propagation is on the order of ~166 ps/inch, which means that for a 6-inch separation between 
the source and sink it would take approximately 1 ns of delay to respond to any sudden change 
in impedance at the switching device (Figure 20).

Figure 20. As shown here, with a 6-inch separation between the source and sink, it would take  
approximately 1 ns of delay to respond to any sudden change in impedance at the switching device.

By reducing the distance and placing more decoupling capacitors between the VRM and sink, 
a local storage of charge would be provided and minimize the response time to any sudden 
request for current. Ideally, large bulk caps could be placed close to the VRM, mid-size 
caps around the IC on the board, and small-value caps in the package itself, plus the on-die 
capacitance already present inside the IC. The size of the caps also infer the frequency 
of operation that we are trying to provide supply for (low, medium and high frequencies, 
respectively).

Another way to describe this situation is to say that the current reaching the sink and coming 
back through the ground net, is a current loop that sets up a magnetic field, storing energy. This 
magnetic field resists further change in current, or an inductance is present. The inductance 
of this current-loop is directly proportional to the length of the loop. So a longer current loop 
equals a higher inductance. Since the PDN impedance Z = R + jωL - j/jωC), where ω is the 
angular frequency, we can see that at higher frequencies the impedance of the PDN will be 
driven up by the inductance, but could be cancelled out by small (nF and pF) caps. This is a 
way of saying that if the sink is switching at a high-frequency and we have a long current loop, 
the sink will not receive the additional current it requires, unless we have a local capacitor 
operating at that frequency.

It is insufficient to follow IC vendor guidelines, and/or place as many de-coupling capacitors 
around the board as possible to create a robust PDN design. In reality, there are two key factors 
to consider. The first factor is the Bill of Materials (BOM). With multiple PDNs and limited 
real-estate on the board, together with downward cost-pressures for  manufacture, there 
is little room to be over-cautious in the design of the PDN. Using simulation to deduce the 
coupling between capacitors on the same PDN can tell designers immediately whether the loop 
inductance is high between them, or if it is inconsequential. If the loop impedances are small 
without the decoupling capacitor being there, it can be removed.
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The second factor to consider is that a capacitor is never just a capacitor. Surface mount 
capacitors will always have an equivalent series resistance (ESR) and equivalent series 
inductance (ESL).  This means the SMT component has a frequency dependency. In fact, 
randomly placing additional decaps  is never a good idea as it can lead to unwanted resonances 
within the PDN.

For very accurate PDN simulations, using the S-parameter models for the SMT parts is strongly 
advised (Figure 21). Note; however, that when there are two decaps that are physically close 
and that have different ESR values, the results can be very surprising. What results is the 
creation of a resonance (high-Z) and anti-resonance (low-Z) in the impedance profile. This is 
the opposite of what is trying to be achieved with careful PDN design.

Figure 21. Increasing the decoupling capacitance while increasing ESR improves impedance 
response flatness.

The optimal PDN will have sink devices with adequate voltage(s) and current(s) as specified by 
the IC vendor. It will also be designed with the lowest BOM and be inherently stable. According 
to Steven Sandler of PicoTest (a Keysight Channel Partner), a recognized expert on PI with more 
than 35 years in the industry and author of several books on the topic, there are steps to make 
non-invasive measurements for stability, and then measure and characterize the VRM into 
state-based behavioral models. The VRM itself is nonlinear and has feedback mechanisms for 
compensation which are characterized by the state-based model. Armed with a high-fidelity 
behavioral model of the VRM, designers can design for a flat-impedance response since, as 
Sandler points out, a stable PDN is one that is resonance free (Figure 22).
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Once the initial pre-layout design has been created, the first-pass of the PCB layout can be 
imported into ADS for analysis using PIPro EM technology. PIPro’s net-driven user interface 
allows designers to quickly select the power and ground nets for the PDN network they want 
to simulate, choose simulation models for each of the components (e.g., decaps, EMI filters, 
inductors, and resistors, etc.), and setup the PI-AC simulator to compute the PDN impedance of 
the distributed layout with components in place.  

Since the PI-AC simulator has EM technology designed specifically for this purpose, a 
very accurate result is returned in minutes, not days. Designers can then use ADS’s field 
visualization, PDN impedance and S-parameter plotting to determine if there are problems 
with the current PDN design, and to check coupling from one capacitor to the next. With just 
one click, a schematic representation is generated to transfer the EM-characterized model, 
together with circuit models of the components. This back-annotation to an ADS Schematic 
enables one smooth cohesive workflow. Designers can then apply their behavioral VRM model, 
and further tune the decaps for final verification/optimization.

Figure 22. A stable PDN is one that is resonance free.
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8. ADS provides electro-thermal simulation

As power delivery networks are forced into tighter PCB real-estate, the power plane becomes 
far from idealized. Usually the once perfect plane is perforated heavily with clearance holes 
from stitching vias, and it can be a struggle for the layout engineer to get the required current 
up into the package of the device that requires it, without passing through narrow traces of 
metal. Calculating an accurate IR-Drop is important for the PI designer, but also knowing 
the absolute temperature that the PDN traces, vias and chip die will reach, is invaluable 
information. High temperatures can cause reliability issues; as the temperature cycles from on/
off states can cause the via barrels to weaken and crack over time.

It is not intuitive to the designer whether a via is undersized for the current that is passing 
through it. The temperature rise is very dependent on the width of the traces attached to it.  
Secondly, resistance of a trace increases with temperature, requiring simulation analyses to 
determine the final steady state condition. For every 10 °C change in temperature we see a 4% 
change in resistance of a trace. These observations point to a need to simulate the PDN design 
with a DC IR Drop electro-thermal solution.

ADS provides a fully-automated integrated Electrical-Thermal-Electrical iterative simulation.  
Users receive the most accurate representation of DC IR Drop results by taking into account 
local resistivity changes due to heating. The additional Thermal-only simulation, gives the user 
the ability to perform thermal floor planning.

With ADS you can easily copy existing DC IR Drop simulation setup to new Electro-Thermal 
simulation and visualize a list the temperature of planes, pins and vias.

Figure 23. DC IR Drop Electro-Thermal analysis - visualization of temperature.
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9. ADS has an Interconnect Tool Box (Via Designer & CILD)
The signal integrity design challenge is not just to successfully recover the transmitter signal at 
the receiver, but to understand what is controlling the performance.  What are the significant 
margin eaters and which ones can I optimize?

Typical connections between a transmitter and a receiver include some section of application 
specific custom PCB routing. ADS has a signal integrity tool box to help explore the design 
trade-offs and deal with the complex interaction between stack-up, transmission line losses, 
and via topology.

Designing the PCB interconnect starts with some sort of PCB stack-up definition in order 
to start evaluating the different types of possible transmission line topologies.  Once the 
transmission lines are optimized for impedance and losses, then one needs to look at via 
performance to transition between layers.

Anyone of these steps has cost and performance trade-offs that can impact the other, resulting 
in a complex inter-relationship to determine which feature is the real margin eater:  Layer 
Count, Line Z, Via Backdrills, Material, Layout Density, etc.

ADS provides an Interconnect Tool Box that includes Substrate Editor, Controlled Impedance 
Line Designer, and Via Designer to simplify the pre-layout pcb interconnect investigation.
If your stack-up does not match the reference design, then you need to do some Pre-Layout 
investigation before layout begins.  The flow in ADS is to:

 Step 1: Input the PCB stack-up in the Substrate Editor and define the desired variables.
 Step 2: Use Controlled Impedance Line Designer to create custom T-Line –LineType  models
 Step 3: Use Via Designer to create a parameterized 3D- EM model of the interconnecting  
  vias
 Step 4: Parameterized values from the stack-up, the T-Line-Line Type, and Via Designer  
  EM Model can then be run in ADS Time and Frequency Domain Simulators to   
  optimize on the performance that matters, such as eye opening or BER.
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Stepping through the process. The ADS Substrate editor has had a lot of recent enhancements 
to handle high layer count PCBs.  In addition to the graphical viewer and editor, one can also 
copy and paste values to multiple layers at a time in the Table editor.  If you have a leveraged 
design, powerful ODB++ importing capture layer definitions and drill table information. New 
workspaces also have an option to auto generate a generic stack-up to avoid manual entry. 

10. ADS embodies the Keysight philosophy: Hardware + Software + 
People = Insights
From Hewlett-Packard, to Agilent Technologies to now Keysight Technologies, the company 
has a long heritage of being the world’s premier design, test and measurement company. The 
history, the company culture, and the unwavering desire to lead the market, carries through to 
the present. 

In the high-speed digital arena, three Keysight technical leads sit on the board of directors 
for JEDEC, VESA and PCI-SIG®. Four other technical leads contribute to MIPI, IEEE Ethernet, 
OIF, SATA, SAS, UFSA, HDMI, and USB-IF. In total, Keysight has representation on more than 
15 standards bodies and many more that are tracked (Figure 23). That means there is always 
someone to call who has deep insight into the challenges of emerging standards.
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Figure 23. Keysight has technical leads on various committees of emerging standards.

With Keysight’s greater software-centric solutions focus, Keysight EEsof EDA will play a leading 
role in virtual compliance testing. Through Compliance Test Benches in ADS, designers can 
now take ADS simulated waveforms and test them against the same gold suite of compliance 
tests used on the bench with final verification hardware to attain the utmost confidence in a 
design’s compliance. ADS delivers updates to the USB 3.1, PCIe® G3, HDMI 2.0 and 100GbE 
compliance test benches.

Further bolstering these capabilities in ADS is the support Keysight EEsof EDA offers its 
customers. That support includes a world-wide technical support presence, expert Application 
Engineers and consultative Field Sales Engineers. This support, together with Keysight’s 
hardware and software solutions and technical expertise gives customers greater insight and in 
turn, greater chance of success.

Conclusion
Through the years, ADS has established itself as the industry’s leading electronic design 
automation software for RF, microwave and signal-integrity applications. ADS further cements 
that position with continued advances for circuit simulation, layout and layout verification, 
silicon RFIC, and just as critically, signal and power integrity. The different tools, EM 
technologies and techniques ADS utilizes to address modern day SI and PI issues has raised-
the-bar on performance, accuracy and efficiency, for simulation and analysis of SI and PI design 
tasks. And that means today’s designers have the capabilities they need to quickly overcome 
even their toughest SI and PI design challenges. For more information go to  
www.keysight.com/find/eesof-hsd.
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