
Executive summary
The complex task of designing a serialization – deserialization (SERDES) 
channel has become even harder in recent years. For example, industry 
protocols such as PCI Express (PCIe) Generation 4 and Universal Serial Bus 
(USB) 3.1 have doubled their signaling rates in a single technology genera-
tion. The increased data rates have forced the industry to adopt new meth-
ods, such as channel operating margins, for interface analysis. Yet, to mini-
mize costs, board materials have remained the same as they were in previous 
generations of technology.
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Introduction

The complex task of designing a serialization – deserial-
ization (SERDES) channel has become even harder in 
recent years. For example, industry protocols such as PCI 
Express (PCIe) Generation 4 and Universal Serial Bus (USB) 
3.1 have doubled their signaling rates in a single technol-
ogy generation (Figure 1). The increased data rates have 
forced the industry to adopt new methods, such as chan-
nel operating margins, for interface analysis. Yet, to 
minimize costs, board materials have remained the same 
as they were in previous generations of technology. 

Unlike the evolution of double data rate (DDRx) technolo-
gies, the evolution of SERDES technologies has occurred 
very quickly (Figure 1). “Today’s signal speeds require 
channel-based protocol methods to perform signal integ-
rity analysis for extremely high speed designs. However, 
these methods require a high level of expertise that will 
create organizational bottlenecks,” said Eric Bogatin, dean 
of the Signal Integrity Academy and director of the 
Teledyne LeCroy Front Range Signal Integrity Lab. How 
have these changes impacted the hardware design 
engineer? 

The challenges of high-speed SERDES today
A hardware engineer (Figure 2) faces some of the follow-
ing industry-related challenges:

New SERDES specifications are increasingly complex to 
understand. Specifications such as those for PCI Express 
Generation 4 are more than 1000 pages long. 

SERDES-specific training is needed to accurately under-
stand the details of a protocol specification. This training 
can be hard to obtain and is not freely available.

IBIS-AMI buffer models, which are used for > 5 Gbps 
channels, are scarce. Available models are written as per 
specifications that are not ratified by the IBIS Committee. 
For example, according to a test performed by Xilinx, the 
same IBIS-AMI model produced different simulation 
results in different EDA tools. Which one is correct?

1. SERDES channel analysis and design requires electro-
magnetic (EM) expertise. Some design teams do not 
have SI or EM experts in house, so the additional bur-
den of generating S-parameter models that accurately 
represent the PCB design is borne by the hardware 
design engineer.

2. SERDES specifications are written by compliance bodies 
and are inconsistent across protocols. For example, jit-
ter is specified in a different way in the PCI Express and 
IBIS-AMI specifications.

3. Multiple SERDES protocols exist in the same printed cir-
cuit board (PCB) design. With little knowledge transfer 
between protocols, interconnect analysis has to start 
from scratch for every protocol. 

4. With shrinking design cycles, hardware engineers do 
not have the time to read sometimes obscurely written 
specifications.

5. SERDES specifications are not free or easily accessible.

Figure 1: Evolution of serialization – deserialization (SERDES) protocols Figure 2: Designing high-speed 
interconnects despite industry-
related challenges
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SERDES Channel Analysis
In addition to encountering industry-related challenges, 
hardware engineers must use multiple software tools to 
manually extract, model, and analyze SERDES channels. 
The process requires high attention to detail, making it 
time consuming and error prone. Steps include: 

1. Dividing the interconnect into sections that need to be 
modeled in 3D and 2D field solvers, respectively

2. Generating S-parameter models for the sections  
modeled with a 3D field solver

3. Reconnecting the S-parameter models from the 3D 
field solver with the 2D field-solver-modeled sections 
to represent the entire interconnect (Figure 3)

4. Exporting an S-parameter model of the entire  
interconnect for frequency domain analysis or  
compliance verification. 

Further, SERDES channel analysis requires in-depth elec-
tromagnetic (EM) expertise to ensure that the resulting 
model(s) (from step 2, above) is accurate. For example, 
aggressively dividing (or cropping) the interconnect  
(step 1) without understanding where the return path 
exists yields an inaccurate S-parameter model (step 2). 
Conversely, a conservative crop of the interconnect 
increases simulation run time and memory consumption. 
In addition, creating ports that are valid up to a very high 
frequency (step 2) and specifying the appropriate bound-
ary condition needed to suppress reflections from the 
cropped edges (step 2) are not trivial tasks.

Is there a better SERDES solution?
Technical and industry-related challenges coupled with 
business challenges such as improving product reliability, 
reducing costs, and getting to market quicker put 
immense pressure on the hardware design engineer. 
What if you could alleviate the pressure on your hardware 
engineers while increasing simulation coverage and 
reducing design cycle times? 

HyperLynx® contains SERDES-specific functionality such as: 

1)  Intelligent, automatic channel extraction with embed-
ded EM expertise

2) Interface-level channel compliance verification
3) Pre-layout design exploration. 

Together, these capabilities automate SERDES channel 
analysis. They dramatically reduce the time spent analyz-
ing each channel so that designs can be re-spun or fabri-
cated more quickly and finished products can be brought 
to market sooner. They provide the EM and protocol-spe-
cific expertise needed to identify issues with the design 
and improve product reliability. They also provide the 
high accuracy needed to analyze these very-high fre-
quency interconnects.  

 Figure 3: SERDES channel decomposition and modeling
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Intelligent, automatic channel extraction  
and EM expertise
HyperLynx automates the entire process of SERDES chan-
nel extraction and modeling with the push of a button. 
First, it identifies which parts of the signal net should be 
modeled in a 3D field solver based on the design layout 
(Figure 4). The 3D areas are created to guarantee return-
path continuity and the accuracy of the resulting 
S-parameter model.

Because improper port creation or incorrect boundary 
conditions can generate results that do not represent 
physical/actual design behavior or artificial resonances 
that are invisible to the untrained eye, HyperLynx embeds 
the EM expertise needed to accurately model the problem 
directly within the tool. Port creation, boundary condi-
tions, meshing settings, etc. are all specified based on the 
class of problem being solved. With HyperLynx, the 
embedded EM expertise ensures reliability of the simula-
tion results and eliminates the need to hire electromag-
netic experts. 

For sections of the signal net that have a solid, contigu-
ous reference copper shape, the transmission line models 
from the HyperLynx 2.5D field solver are sufficient. The 
S-parameter models from the 3D field solver are automat-
ically concatenated with the 2.5D transmission line mod-
els, while accounting for trace segments included in the 
3D S-parameter model and preventing double-counting of 
trace segments. If performed manually, this process is 
time consuming. The over-arching channel can be 
exported easily to an S-parameter model for further fre-
quency-domain analysis or automatically inputted into 
the HyperLynx SERDES wizard for protocol compliance 
verification (next section).

Depending on the design, the creation of S-parameter 
models by a 3D field solver can take a long time and be 

memory intensive. To speed things up, HyperLynx can 
search a design for multiple uses of the same routing 
pattern. This enables the 3D field-solver-generated 
S-parameter model to be reused for subsequent analysis. 
Because routing patterns are commonly reused in SERDES 
channels, this greatly speeds up the analysis of all the 
SERDES channels in a design. 

Interface-level channel compliance verification
SERDES specifications are difficult to interpret and shrink-
ing design cycles have reduced the time available for 
reading technology specifications. Yet, understanding 
those specifications is critical for channel compliance.

HyperLynx embeds the protocol-specific information 
needed to evaluate a channel directly into the tool. The 
simulation result-based measurements are available as 
part of a simple, intuitive wizard. Simply pick the differen-
tial pair(s) to be analyzed and select the protocol that the 
design must adhere to (Figure 5). HyperLynx performs all 
the required analyses, measures the simulation output, 
and generates a pass/fail HTML report that can be shared 
with colleagues. 

Figure 4: Area automatically identified for 3D modeling based on design and routing

Figure 5: Embedded interface-level channel compliance verification
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The use of HyperLynx saves the hardware engineer time 
spent reading protocols and setting up and simulating the 
channel for specific measurements and analysis. Further, 
it prevents the potential misinterpretation of the SERDES 
protocol. With support for more than 25 different SERDES 
protocols, such as OIF-CEI, PCI Express, IEEE 802.3, USB, 
etc., the HyperLynx compliance wizard can be used 
quickly and easily on multiple SERDES protocols in the 
same design.  

IBIS-AMI vendor-buffer models are typically used to vali-
date > 5Gbps channels. IBIS-AMI models are often difficult 
to find or are available only very late in the design cycle. If 
buffer models are not available, the hardware design 
engineer can concatenate built-in protocol-compliant 
buffer and package models with the channel in 
HyperLynx.  As long as the part manufacturer supplies 
protocol-compliant parts, the reference buffer and pack-
age models can be used to verify whether the entire 
channel will adhere to the protocol. The use of behavioral 
models allows channel compliance verification to run 
much faster than when IBIS-AMI models are used.

SERDES buffers have built-in pre- and post-cursor equal-
ization taps which are used to maximize the eye opening. 
Finding the optimum tap setting is a painstaking process 
because it involves multiple trial-and-error simulations 
with each tap and the various values that they can 
assume. For example, a 5 tap buffer, each with 6 avail-
able values, yields over 7700 different simulations that 
should be evaluated to find the optimum tap value.

HyperLynx helps identify optimum equalization settings 
based on protocol reference architecture and constraints 
such as decision feedback equalization (DFE), continuous 
time linear equalization (CTLE), etc. It reduces the time 
spent analyzing the channel, while generating a 

maximally opened eye diagram for increased design 
reliability. Channel optimization can be performed in both 
the pre-layout analysis and post-layout screening phases. 

Pre-layout design exploration and optimization
The majority of the SERDES channel analysis is typically 
performed in the pre-layout phase of the PCB design 
cycle. It involves creating a default geometry/configura-
tion, such as for a via pattern, and then modifying it to 
optimize the structure. Given the number of parameters 
of the 3D structure that can be edited and the various 
values that they can assume, the number of topology 
configurations is endless. 

Due to the time taken to set up the topology and gener-
ate simulation results, most hardware engineers do not 
exhaustively explore the solution space. They use topolo-
gies that generated passing (or barely passing) results 
previously or they over-design the configuration. This 
could add to the cost of design manufacture and impact 
product reliability.  

HyperLynx uses a template-based approach that helps 
hardware engineers optimize a specific design geometry 
(Figure 6). Templates for structures such as differential 
vias, ball grid array (BGA) break-outs and break-ins, series 
blocking capacitor mountings, etc., along with their asso-
ciated parameters, can be modified. The parameter values 
can be swept in various combinations as a “system of 
experiments” and measurement constraints can be 
applied to identify those configurations that satisfy spe-
cific criteria and maximize design margins. 

The resulting configuration(s) and its associated 
S-parameter model(s) can be used for further time- or 
frequency-domain analysis. Further, the resulting 
S-parameter models can be swept to optimize the over-
arching interconnect.  

 

Figure 6: Template for a differential DC blocking via configuration
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Conclusion and customer validation

HyperLynx provides hardware engineers with the indus-
try’s first end-to-end, automated solution for comprehen-
sive analysis of modern SERDES interconnects. 

Previously, hardware engineers analyzed only a few 
dozen signal nets due to design-cycle pressures and the 
lack of technology that enabled full board-level SERDES 
analysis. With intelligent, automatic channel extraction, 
interface-level channel compliance verification, and pre-
layout design exploration and optimization, HyperLynx 
can quickly and accurately analyze all the SERDES chan-
nels in a design. HyperLynx also enables users to explore 
the solution space in a timely manner to optimize design 
parameters and maximize margins.

According to Eric Bogatin, editor at Signal Integrity 
Journal, Adjunct Professor at the University of  
Colorado – Boulder, and the Dean of the Teledyne LeCroy 
Signal Integrity Academy, “As data rates in high-speed 
serial  links increase, designing channels with acceptable 
bit error ratios, limited by equalization settings within a 
protocol’s range, requires a higher level of expertise. The 
new automated channel analyzer from Siemens EDA is 
like having an expert on your shoulder. Running the 
analysis of a design before sign-off will catch many mate-
rials, vias and transmission line problems before they 
sneak into the final design. And, for the final channel, the 
new compliance analyzer will recommend the optimized 
equalization settings to meet the protocol’s constraints. 
These innovations will help all hardware engineers sleep 
better at night” said Eric Bogatin.

With its embedded electromagnetic and protocol-specific 
expertise, HyperLynx ensures that an EM expert is not 
sorely missed in a design team. Hardware design engi-
neers can forego the time spent reading and interpreting 
obscure specifications and focus on designing the inter-
connect. The stress of finding an appropriate IBIS-AMI 
buffer model or finding the model too late in the design 
cycle is also eliminated with the protocol-compliant buffer 
and package models built into HyperLynx. 

Hans Klos, managing director of Sintecs B.V., agrees. 
“We’ve successfully used HyperLynx to achieve the first-
time-right implementation of our high-speed PCIe SERDES 
interfaces for the dReDBox project. Our hardware design-
ers use the SERDES Compliance Wizard to quickly iterate 
during interface design optimization and for final inter-
face compliance verification.” 
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Siemens Digital Industries Software is driving 
transformation to enable a digital enterprise where 
engineering, manufacturing and electronics design meet 
tomorrow. The Xcelerator portfolio helps companies of all 
sizes create and leverage digital twins that provide 
organizations with new insights, opportunities and levels 
of automation to drive innovation. For more information 
on Siemens Digital Industries Software products and 
services, visit siemens.com/software or follow us on 
LinkedIn, Twitter, Facebook and Instagram. Siemens 
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tomorrow.
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