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P R O D U C T  
B R O C H U R E

P R O D U C T  B R O C H U R E

W2307EP Interconnect Toolbox Element
Design Your High Speed Channel for Metrics That Matter 

Transmission lines and via transitions form the high speed signal path between 

a transmitter and a receiver.  These paths are known as PCB (Printed Circuit 

Board) interconnects, and if not optimally designed they can easily destroy the 

signal integrity of a link. The eye metrics are heavily impaired by both loss, and 

reflections in the system. Advanced Design System (ADS) offers signal integrity 

simulation tools to help explore design trade-offs and manage the complex 

interactions between substrate stack-up, transmission line losses, and via 

topology. The W2307EP Interconnect Toolbox Element contains two utilities for 

the design of high-speed interconnects– Via Designer Utility and the Controlled 

Impedance Line Designer Utility.  ADS additionally provides the Substrate Editor, 

which all-combined together offer a design methodology to achieve optimal link 

designs.  
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The Controlled Impedance Line Designer (CILD) Utility enables you to optimize your 

PCB stack up and transmission line geometry using metrics that matter, namely post-

equalizer eye diagram parameters. Other tools will show you the impairments of the 

lines, such as loss, frequency roll off, and impedance variation, but in today’s multi 

gigabit chip-to-chip links these metrics are inadequate. What really matters is the eye 

parameters after the line impairments have been mitigated by the signal processing in 

modern Serializer/Deserializer (SerDes), for example transmitter (Tx) pre-emphasis and 

receiver (Rx) equalization. 

In fact, the whole point of the signal processing in the I/O of modern chips is to allow 

you to use lower cost materials and yet still open the eye.

The CILD Util ity achieves this by letting you place a Tx and Rx around the 

candidate l ine to form a complete ADS Channel Simulator or ADS Transient 

Simulator schematic. The statistical mode of Channel Simulator can yield ultra-low 

BER contours in seconds per point in the design space. You can quickly sweep 

parameters such as width and spacing to see the effect.

Controlled Impedance Line Designer

Figure 1. Sweep T-line parameters for the best Post-EQ eye. Pre- and post- equalization eye diagram sweep across line width. 
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Via Designer
The Via Designer Utility enables you to quickly design both single-ended and 

differential via transitions, driven from a graphical user interface. Your via models 

can be fully parameterized and analyzed with highly accurate 3D full-wave, 

Finite Element Method (FEM) simulation technology. The simulation results can 

be viewed within the utility (mixed-mode S-parameters), and the parameterized 

model can be exported for use in channel simulation. The extracted model 

contains a compact database of parameterized results allowing for efficient 

interpolation between simulated data.

Figure 2. The Via Designer Utility enables you to quickly design both single-ended  

and differential via transitions. 

With parameterized 
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parameterized via 
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high-speed channel 
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metrics that matter 

(eye height and eye 

width).
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Signal Integrity Challenge - Finding the margin eaters
Today’s 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 you optimize?

Here we see the potential problem of leveraging vendor supplied reference designs 

or past product designs when the PCB stack-up is not the same.  The leveraged via 

design results in a closed eye. 

Figure 3. Leveraging vendor supplied reference designs or past product designs into a different PCB 

stack-up may result in a closed eye.
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A quick 15-minute optimization in ADS provides an engineered solution with wel l 

understood design margins. Designing the PCB interconnect starts with a preliminary 

PCB stack-up definition, followed by an evaluation of transmission line topologies, and 

then locating the vias that 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 parameters (Dk, Df, roughness, etc), Layout Density…etc. 

ADS Substrate Editor

Step 1. PCB Stack-Up Step 3. Via Interconnects

Step 4. Parameterized Channel Exploration

ADS Time and Frequency Domain Simulators

Step 2. T-Line Impedances

ADS Controlled Impedance Line Designer

ADS Via 

designer
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Step 1: Defining the PCB Stack-Up
ADS Substrate Editor

The ADS Substrate Editor has had several enhancements to handle high layer count 

PCBs.  In addition to the graphical viewer and editor, you can also copy and paste values 

to multiple layers at a time in the Table editor. If you have a leveraged design, substrate 

layer definitions and drill definitions are imported with a PCB layout (through ODB++ or 

Cadence®.BRD board import). New workspaces also have an option to auto generate a 

generic stack-up to avoid manual entry.  

The Substrate Editor includes definitions of thru, buried, blind, and backdrilled vias, along 

with causal dielectric models, and metal surface roughness.  Many of these inputs are not 

needed for PCB fabrication, but are critical for running EM simulations to determine the 

signal integrity of the PCB interconnect. The Substrate Editor is well integrated with CILD 

and Via Designer, avoiding any re-entry of information and leveraging variable definitions.

Figure 5. The ADS Substrate Editor has a graphical viewer and 

editor easily handles high layer count PCBs, allowing you to copy 

and paste values to multiple layers at a time.

Figure 6. The ADS Substrate Editor is well integrated with the 

Interconnect Toolbox Element to leverage variable definitions and 

avoid re-entry of information.

ADS Substrate Editor 
Key Features:

• Import stackup 
definitions

• Parameterized material 
parameters

• Generic auto generation

• Thru, buried, blind, 
backdrilled vias

• Causal dielectric models

• Metal surface roughness

• Trapezoidal cross-
sections (to represent 
trace etch factor)

• Central substrate 
stackup definition used 
for:

•  All EM solvers

•  CILD

•  Via Designer

Material definition 
parameterized variables

Copy and paste 
table editor

Graphical viewer and 
editor
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Step 2: Optimizing Transmission Line Impedances
The next step is to open Controlled Impedance Line Designer (CILD) to see what 

trace width is needed for controlled impedance. CILD can be used to characterize 

the physical parameters of the transmission line, substrate thicknesses, and 

material parameter values so you obtain the desired characteristic impedance for 

the line. 

While typically 50 ohms single ended and 100 ohms differential, CILD makes it easy 

to select from a menu of typical routing topologies and a selection of routing layers.  

It then sweeps, optimizes, and performs a statistical analysis of any of the T-Line, 

substrate, or material definitions.

Using the T-Line-Line Type Model in Schematic Simulations

No manual re-entry is needed to take the optimized T-Line parameters and create 

a model that can be used in an ADS schematic. The parameters that result from a 

CILD analysis are easily transferred to ADS as a Technology Line Type. Such Line 

Type can then be used in a pre-layout schematic, and remain parameterized. 

The ADS T-Line- Line Type palette provides ready to go single-ended and 

multiport transmission line routing, along with bends and junctions for creating the 

PCB routing topology.

Figure 7. Select from a menu of typical routing topologies and layers, then sweep, optimize, and 

perform a statistical analysis of any of the T-Line, substrate, or material definitions.

Controlled Impedance Line 
Designer Key Features:

• Create a pre-layout 
channel in an end-to-end 
ADS Channel Simulator 
schematic

• Optimize the metrics that 
matter:

• Eye Diagram parameters 
including EQ mitigation

• Frequency plots of the 
channel impairment

• Single-Pulse Response 
for EQ tuning

• Design the stack up and 
line geometry of the 
controlled impedance lines

• Determine the parameters 
that you feed into the 
Constraint Manager of 
the auto-router in your 
enterprise PCB tool!

• Selectable T-line topology

• Uses the PCB substrate definition

• Analyze/Optimize/Sweep/Statistical 
modes of operation

• Generates line type schematic ready models

Figure 8. CILD analysis results are easily transferred to ADS as a Technology Line Type. 

• Drop in schematic symbols

• Coupled routing topologies

• Substrate and T-line 
variables ready for tuning, 
sweeping, optimizing
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Step 3: Fast Auto Generation of  
Key Via Interconnect Topologies
The next step is now the fun part - designing the PCB Via.  Traditionally this was 

a tedious task, trying to cookie cut something from an existing layout, or manually 

entering all the pieces (and parameterizing them) into a 3D-CAD  software ready for 

EM simulation.  ADS Via Designer utilizes a few tabbed input menus to quickly set-up 

signal and ground via dimensions, input and output feed layers, anti-pad dimensions, 

etc.  Then simple selection of single ended, differential topologies, with tight control 

of ground stitching via topologies and placement allow for rapid creation of multiple 

interlayer via options.

Via Interconnect EM Simulation

One can quickly create a 3D Via structure using a given PCB stackup.  Next, any of 

the input values can be defined as variable and swept to optimize the performance.  

Running the simulation launches a fullwave 3D-FEM simulator (no additional FEM license 

required) to create an S-parameter behavioral model of the via versus frequency.  

The results display makes it easy to select and plot the desired S-Parameters or TDR/

TDT in both single-ended or mixed-mode. TDR can give an indication of whether the 

via is becoming predominantly inductive or capacitive.

Via Designer Key 
Features:

• Single-ended and 
differential via design

• Flexible control over 
barrel, pads, antipads, 
backdrills, ground 
stitching vias and more 

• Supports blind and 
buried vias

• Controls parameter 
sweeps

• EM characterization with 
Finite Element Method 
Solver

• Creates parameterized 
EM model for pre-layout 
schematic

Figure 10. After setting up your via structure, launch a full 3D 

FEM simulator to create an S-parameter behavioral model of 

the via versus frequency.

Full FEM 
simulation

TDR-Z

S-parameter
PCB 

substrate

Parameterized  
sweeps

Figure 9.  ADS Via Designer allows you to quickly set-up  

signal and ground vias with multiple interlayer via options.

2 Gnd vias    4 Gnd vias             2 Gnd vias       4 Gnd vias        Custom Gnd vias

Single ended Differential
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Step 4: Parameterized Channel Exploration
Since via designer is part of the ADS Interconnect Toolbox, it means that it also plays 

nicely with the ADS schematic.  From Via Designer, you can export the simulation 

results as a behavioral model saved in a workspace cell with an auto generated 

symbol ready to drop into any schematic.  

If the results contain a swept variable, then these variables are now accessible to be 

swept in the schematic.  If a variable value is not part of the model’s swept values, 

the user has the choice of interpolating, or having the schematic simulation launch 

the EM simulator to calculate the new value.

The EM Model also has the option to save the data as a dataset if one wants to keep 

a running plot of different via simulation results.

Time and Frequency Domain Bandlimited S-Parameters
When converting bandlimited S-Parameters to the time domain using Inverse Fourier 

Transforms with windowing, the technique is inherently non-causal. Figure 12 

highlights the importance of this effect for time domain digital simulations as shown 

in the plot on the left where the simulated data in red does not match the measured 

data in blue.  

The ADS simulators use a patented algorithm1 that utilizes a Hilbert Transform 

method to enforce causal data in the time domain when using bandlimited 

S-Parameters.  It is important to remember that the Via Designer EM Model is a 

bandlimited S-parameter and makes use of this patented algorithm when running 

in a channel or time domain simulation.

ADS Key Features:

• Model includes 
variables

• Interpolation between 
swept results

• Swept EM from 
schematic

• Tune, sweep, optimize 
channel signal integrity 
parameters

Figure 11.  Export your VIA Designer simulation results as a 

behavioral model with an auto generated symbol ready to drop 

into any schematic. 

Figure 12. ADS simulators utilize a Hilbert Transform method to 

enforce causal data in the time domain when using bandlimited 

S-Parameters. 

1. US Patent # 20080281893 A1 -  
Optimization Of Spectrum Extrapolation For Causal Impulse Response Calculation Using The Hilbert Transform 

Model export

Traditional iDFT with 
windowing, non-causal

Hilbert transform 
method, causal
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Examples of Gaining Margin to Spare with  
ADS Signal Integrity Interconnect Toolbox

CILD Line-Type Measurement Correlation to 40 GHz

So how good is this T-Line-Line Type model using your custom PCB stack-up 

design? Here is an example of how well the model correlates with measured data to 

40GHz using the Wild River Technology CMP-28 PCB test platform.  The measured 

PCB test structure was a 1.5 inch transmission line with a 342 mil long stub in the 

middle with a 10 mil width.  This creates a ¼ wavelength resonance that is clearly 

seen in the measured insertion loss vs frequency. 

A model of this structure was setup in an ADS schematic using the T-Line-Line 

Types and resulted in very good correlation with measurement. Note that in the plot 

of insertion loss vs frequency, the T-Line model data is laying right on top of the 

Momentum EM simulation of this structure.

Figure 13. Example of a T-Line-Line Type Model showing how well the model correlates with 

measured data of a PCB stack-up up to 40 GHz.

1.5 inches, 10 mil width,  

342 mil stub

EM model

T-line model
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Figure 14.  ADS Via Designer needed only a few sweeps of the parameterized 

ground via locations to optimize the TDR for this leveraged 4-layer PCB design.

Via Designer Simulation to Measurement 

Here we have a test structure PCB from the IEEE P370 Plug and Play Kit for fixture 

removal when measuring  PCB interconnects and components.  This simple  4-layer 

PCB has  a via that connects from the topside microstrip to the bottom side microstrip 

with 11 mil, 50 ohm trace widths.  

This high performance optimized via was leveraged from a previous high layer count PCB, 

and it was expected to work well on this simple 4-layer  PCB.  However, measured 

TDR results shown on the upper left plot indicate that the via has excess  inductance with 

a peak at 57 ohms.  Running the via designer on this topology, shows a very similar 

result in the upper right graph, confirming that there is room for improvement in the 

design.

It only took ADS Via Designer about 15 minutes to run a few sweeps of the  

parameterized ground via locations and optimize the TDR for 50 ohm impedance.

IEEE P370 Plug and Play Kit – Exp 3.2.7
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For more information on Keysight Technologies’ products, applications or services, 

please contact your local Keysight office. The complete list is available at:       

www.keysight.com/find/contactus

Ordering Guide
• W2307EP/ET Interconnect Toolbox Element

• W2307E Included in bundles:

 - W2219BP/BT ADS Core, TransConv, Channel, IT, Layout, Momentum

 - W2220BP/BT ADS Core, TransConv, Channel, IT

 - W2223BP/BT ADS Core, TransConv, Channel, IT, Layout, SIPro, PIPro 

 - W2224BP/BT ADS Core, TransConv, Channel, IT, Layout, SIPro, PIPro, Momentum

Requirements
• OS platform support: Linux 64-bit, Windows 64-bit

• W2200 ADS Core

• W2302 ADS Transient Convolution Simulator Element: only required if line is to be 
evaluated in a end-to-end simulation
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