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3D EM Simulation in the Design Flow of High-Speed
Multi-Pin Connectors

Application and Simulation courtesy of  Thomas Gneiting, AdMOS GmbH, Frickenhausen, Germany.

This article describes the design flow for a high speed connector using different simulation tools. The goal is to enable a first

pass design without time-intensive and costly iteration steps. In addition to other simulation tools, CST MICROWAVE

STUDIO® (CST MWS) is used during different stages of the design process to find fundamental design parameters and to

predict the behaviour of a complete telecommunication system.

The requirement of a new high speed multi pin connector is to enable a data transmission rate of at least 10Gbit/s in a

communication system, (Figure 1), where two daughtercards are connected via a backplane. The connections should be point-

to-point connections applying differential signal trace layout. Other technical requirements include:

    100 Ohm differential impedance.

    SMT interface to printed circuit board.

    Extreme shielding to achieve a minimum of crosstalk between differential signal pairs.

    Minimum signal skew between the two contacts of a differential signal pair.

    Economical and easy trace routing.
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Figure 1: Backplane and daughtercard system

EM simulation can be used in the early stages of the design process to help determine the main dimensions of the connector

and how it will behave in the aforementioned system. The protyping process is shown in Figure 2.

Figure 2: Design and prototype process flow

Once the requirements have been defined, a study is performed to establish the conductor dimensions. The main parameters

are the trace width and the distance between the differential signal pair of the connector in addition to the the distance between

the 2 signal pairs inside the wafers. In the design process it is necessary to obtain a realistic prediction of the overall

communication system performance. The S-parameters of the parametric connector model were exported in touchstone format

and used in a circuit simulator (Agilent ADS) for further analysis.  An accurate analysis must contain the behaviour of not just

the connector but also the connector to PCB board interface, the backplane, daughtercards and signal path vias. This

approach allows the performance of the complete communication system and not just the connector to be established. The

CST MWS model is shown in Figure 3. It consists of 3 wafers with 4 signal pairs per wafer. It was used to verify the impedance

matching,  reflection, crosstalk  multiline crosstalk, to generate a SPICE model  and to determine the overall system behaviour
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based on the obtained S-parameters.

Figure 3: CST MWS 3D model of the prototype connector

An accurate 3D simulation using CST MWS is vital for the highly critical and expensive manufacturing process of the cutting

tools and plastic housing components. In addition to the investment costs, a major issue is the time at which the first sample is

obtained since time consuming changes to the production tools may be necessary if the sample does not meet the required

specifications. The overall time to market is an important factor that is heavily influenced by the design, prototype and test

phases. The Stamping and molding tools are designed and manufactured to allow a high volume production of the connector

system. The the investment costs for those tools are in the range of 1 Million  for one type of connector meaning that the

prototyping stage is the most expensive part of the design process.

Figure 4: CST MWS Model of the PCB-connector interface

A reliable CST MWS simlation is therefore vital for obtaining accurate results during this process. The connector to PCB

interface, shown in Figure 4, is one of the most limiting factors in speed performance. Parametric studies have been performed

to optimize this interface with respect to the reflection and crosstalk behaviour.
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Figure 5: Test setup and measurement results

A test vehicle (PCB) was designed to verify the simulated connector behaviour with measurements using a Time Domain

Reflectometer and a Vector Network Analyzer This testboard, shown in Figure 5, contains special De-embedding structures.

The simulated results show excellent correlation with the measurement results proving the effectiveness of the simulation

process, and moreover, the accuracy of the 3D simulations.

Figure 6: Eye diagram comparison between simulation and measurement
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Figure 6 shows a comparison of the eye diagrams between a complete system simulation including the connector and test

boards and the appropriate measurements done on the real system. The upper diagram shows the measured eye diagrams

while the lower one shows the simulated ones. A data stream signal with 10Gbit/s of a NRZ 8B10B code was applied to both

the real and the simulated systems. Good agreement between the simulated and measured results can be seen.

This article has shown the complete design flow of a complex electromechanical device including first rough estimations and

ending in complete system simulations.  This project demonstrates how the usage of modern simulation tools could lead to a

dramatic decrease of design time. The overall costs could be reduced by a one-pass design cycle. All molding and stamping

tools for manufacturing of the connector could be produced without a major rework. System designers could use SPICE /

Touchstone models of the ERmet zeroXT connector for their feasibilty studies before the first samples are available.
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易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
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※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 
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