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Optimisation of a 10-Way Conical Power Combiner

A ten-way conical power combiner was designed and constructed in a project at the Department of Electrical and Electronic

Engineering of the University of Stellenbosch, South Africa [1]. This device is an example of an axially symmetric power

combiner, commonly used in the space and airborne industries due to their compact and lightweight nature, their excellent

wideband performance as well as their low losses. CST MICROWAVE STUDIO® (CST MWS) was instrumental in the

optimisation of the geometry of the power combiner, a photograph of which is shown in Figure 1.

Figure 1: View of the 10-way conical combining structure showing the input and output ports.

Axially symmetric power combiners offer substantial advantages - lower loss, smaller size - over corporate or chain-type

combiners, especially when many combining ports are involved. Within this class of power combiners (which includes the

ubiquitous radial power combiner), conical line combiners have the desirable characteristic of having a constant characteristic

line impedance over a varying radial distance. The transient solver of CST MWS proved to be very useful in the optimisation of

the power combiner's performance, allowing the rapid design of a combiner with better than -14.5 dB return loss over a 6.5-

14.1 GHz frequency range.

The CST model of the combiner is shown in Figure 2. It is constructed by placing the vacuum and dielectric parts of the

structure within a PEC background material. A stepped impedance coaxial airline is used to match the 50 Ohm input port

impedance to the 5 Ohm impedance the conical transmission line. The positioning of the input ports relative to the outer wall of

the combiner, shown by the "back-short" distance in Figure 2, was optimised using CST MWS. The rotationally symmetric

positioning of the input ports around the central output port allows CST's S-parameter symmetry functionality to be used to

reduce the number of simulations needed to determine the full S-parameter matrix. Two planes of magnetic symmetry were

also used to reduce the total simulation time by a factor of four.
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Figure 2: A cut-away view of the CST MWS model of the conical combiner. The inset shows a more detailed
view of the coaxial-to-conical line transition.

A comparison of simulated and measured results is shown in Figure 3. Given the difficulty in accurately constructing and

simulating such a large structure (about 65 mm diameter) with such small gaps (only 0.28 mm at the coaxial-to-conical

transition), the agreement is generally good, though some deviation is seen in the reflection coefficient of the output port at the

higher cut-off frequency. A view of the electric field propagation through the device at 10 GHz may be seen in Figure 4.

Figure 3: A comparison of the simulated and measured reflection coefficients at the central output port, and of
the transmission from an input port to the output port.
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Figure 4: An animation of the electric fields at 10 GHz. In this scenario the combiner is being used in reverse
mode as a splitter.

CST MICROWAVE STUDIO® was successfully used in this project as part of the procedure for designing a state of the art

compact and lightweight conical power combiner which displayed a matched bandwidth of 74%. CST's PERFECT

BOUNDARY APPROXIMATION (PBA)® allows rounded structures such as this one to be modelled with great accuracy. At the

same time, the speed of simulation - this structure contained over 16 million mesh cells but simulated in less than 4.5 hours on

a standard desktop server - allows parametric studies and optimisations to be carried out in reasonable time frames.

CST would like to thank Dr. Dirk de Villiers and Prof. Petrie Meyer of the University of Stellenbosch for providing the CST

model and measured results for this application note.

[1] D. I. L. de Villiers, P. W. van der Walt and P. Meyer, "Design of a Ten-Way Conical Transmission Line Power Combiner,"

IEEE Trans. Microwave Theory Tech., Vol. 55, No. 2, pp. 302-308, Feb. 2007.
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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 
 

我们的课程优势： 

※ 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： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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