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Introduction

This application note demonstrates the design of a power amplifier for the 2.11GHz –
2.17 GHz WCDMA band using distributed elements. It features DC simulation, biasing point
selection, S-parameter simulation, matching circuit design, optimization, load pull
characterization and autolayout. For the purpose of demonstration, the circuit design is kept
as simple as possible. Although the GaAs FET FLL101ME from Fujitsu is being chosen for
the amplifier, it should be understood that the design procedures demonstrated here are
applicable to other GaAs FET.

Theory

High frequency power amplifier is considered as one of the most difficult task in the
past. For small signal amplifiers, quasi-linear approximation can be made. Under such
approximation, power that can be delivered by the source doesn’t have any limit. There is no
limit in the current that it can supply and no limit in the voltage that it can sustain across its
output terminal.

Figure 1. Output Matching of Amplifier

By choosing R_load equal to R_source, conjugate matching is achieved which ensures the
amplifier designed gives maximum gain and maximum output power.

But the situation is totally different for power amplifiers. Power amplifiers are operated
in large signal region and their behavior is nonlinear. In such region, conjugate match doesn’t
guarantee maximum output power.

Traditionally, manual or automatic load pull characterization were being employed to
search for the optimum impedance for maximum output power. But manual load pull is time
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consuming, laborious and unreliable. Automatic load pull system is better, but it is very
expensive. Even with automatic load pull system, searching for the optimum output
impedance for maximum output power is still time consuming.

With the built-in sophisticated large signal model in ADS, the time consuming and
laborious experimental load pull characterization can be avoided. Load pull can be carried
out in computer. Multiple design iterations, optimization and tuning can be performed in
computer. Thus, the design of power amplifier is more predictable and the design cycle can
be shortened.

Setup

1. “FET_Curve_Tracer.dsn” obtains the I-V characteristics of the FET and the biasing point
for class AB operation is selected.

2. “Load_Pull_Input_Power.dsn” determines a suitable input power level which can drive
the FET into saturation region. The power level determined is used as the input power
level in the load pull characterization.

3. “Load_Pull.dsn” determines the optimum output impedance for maximum output power.
For simplicity, only the output impedance at fundamental frequency is varied, output
impedance at harmonics and input impedance are set as 50Ω.

4. “Output_Impedance_1.dsn” simulates and optimizes the output impedance for maximum
output power.

5. “Output_Impedance_2.dsn” simulates and optimizes the output impedance for maximum
output power. Damping circuit is added to ensure the amplifier is stable at out-of-band
frequencies.

6. “Power_Amplifier.dsn” simulates and optimizes the input impedance for maximum gain.
7. “Power_Amplifier_S.dsn” evaluates S-parameters of the amplifier
8. “Power_Amplifier_PAE_P1dB.dsn” evaluates power added efficiency and output power

at 1dB gain compression point of the amplifier.
9. “Power_Amplifier_IMD.dsn” evaluates linearity of the amplifier by two-tone.

Results

Figure 2. S-parameter of the power amplifier
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For the whole WCDMA band, gain of the amplifier is above 13.5dB. The Input return loss,
S11, is below -15dB which is considered as good. The output return loss, S22, is around -4dB
which is very poor. It is because the output impedance is matched for maximum output
power at saturation.

Figure 3. 1dB gain compression point and power added efficiency of the amplifier

1dB gain compression output power of the amplifier is 27.9dBm and power added efficiency
is 31%.

Conclusion

In this application note, a power amplifier for the 2.11GHz to 2.17GHz WCDMA band
is being designed and simulated. Various simulation techniques have been demonstrated.
Gain of the power amplifier is above 13.5dB within the WCDMA band. The amplifier is able to
deliver 27.9dBm at 1-dB gain compression point with 31% power added efficiency. It is
believed that with Advanced Design System, high frequency power amplifier design can be
made easier and more predictable.
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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 
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