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Agilent ADS中文学习培训课程套装
ADS中文学习培训课程套装是迄今为止国内最全面最权威的ADS
培训教程，详细全面地讲解了ADS在微波射频电路、通信系统和电
磁仿真设计方面的内容。套装中的中文视频培训课程是由具有多年

ADS使用经验的微波射频和通信领域资深专家讲解，工程实践强，
且视频演示直观易学，能让您在最短的时间内学会使用ADS，并把
ADS真正应用到微波射频电路和通信系统设计研发工作中去...。详
情请浏览网址：http://www.mweda.com/eda/agilent.html

 

 

矢量网络分析仪学习套装

矢量网络分析仪是微波射频工程师研发调试工作中常用的测

试仪器之一，为了帮助微波射频工程师最迅速、全面地熟悉掌握矢

量网络分析仪使用，微波EDA网推出了这套矢量网络分析仪学习培
训教程套装。套装中既有直观易学的矢量网络分析仪使用操作视频

教程，也有全面的矢网用户操作手册，详情请浏览网址： 
http://www.mweda.com/vna/course
 

 

台湾中华射频/通信专业视频课程套装

台湾中华大学教授给岛内知名电子企业员工培训课程视频，由

于是给企业员工培训，所以讲课内容尽量摒弃繁琐的数学推导、抽

象的概念，多从工程实践出发，以通俗易懂的语言和直观工程实例

来向学员讲述微波射频电路和数字通信系统相关知识。是从事微波

射频电路设计和通信系统设计相关工程技术人员不可多得的经典学

习教程。详情请浏览网址：http://www.mweda.com/vedio/vedio_45.html
 

 

Cadence Allegeo PCB设计培训套装

衡量一个软件的优劣，其中一个很现实的标准就是看它的市场

占有率，Cadence Allegro现在几乎成为高速板设计中实际上的工业
标准，被很多大型电子通信类公司采用，因此掌握Cadence Allegro
对找份好工作有实质的帮助；另外其学习资源也比较丰富，比较适

合自学。本站现推出Cadence Allegro PCB设计培训套装，实用易学，
物超所值,帮助您迅速有效的学习掌握Allegeo PCB设计。详情请浏
览网址：http://www.mweda.com/eda/allegro.html 
 

>> 更多微波射频和PCB设计相关培训课程尽在 微波EDA网
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Abstract 

 
Two different designs of a low-noise amplifier (LNA) at 5 GHz are presented in this paper. The first 

design uses lumped elements for implementing the matching networks. The second design utilizes 
distributed element matching networks using microstrip lines. It is shown that the design using lumped 
element matching networks has difficulties to achieve high performance at a frequency of above 5 GHz and 
that distributed matching circuits are more adequate compared to the lumped element solution. Experimental 
results confirm the simulation results based on the LNA design with distributed matching networks. 

INTRODUCTION 

The low-noise amplifier (LNA) is a key block in a 
receiver, setting the receiving sensitivity of the entire 
system. The main requirements of the LNA are the 
lowest possible noise figure (NF) with a reasonable 
gain. The general topology of the LNA consists of 
three stages: the input matching network (IMN), the 
amplifier itself and the output matching network 
(OMN). In addition to selecting the appropriate 
active component, the IMN and OMN are critical 
factors in achieving the specified overall amplifier 
performances. 

The purpose of this paper is to present two 
different designs of a LNA at 5 GHz. The circuit 
design starts from MAXIM’s MAX2649 amplifier and 
uses the Advanced Design System (ADS) 2003C 
tool provided by Agilent Technologies Inc. The first 
design uses discrete components, modeled as 
lumped elements for implementing the matching 
networks. The second design utilizes microstrip 
lines, modeled as distributed elements in ADS. The 
component parameter variations and the PCB 
manufacture process variations are included in the 
simulation set-up. Finally, LNA samples are 
fabricated and measured using the Rhode&Schwarz 
vector network analyzer ZVM. 

CIRCUIT DESIGN 

The LNA presented in this paper is a part of a 
radio frequency (RF) front-end module at 5 GHz 
(Fig. 1). The LNA specifications are derived from 
the top-down design of the entire front-end [1]: 
� Frequency range: 5.15-5.35 GHz  
� Noise Figure ≤ 2.1 dB 
� Gain > 11 dB 
� Operating between 50 Ω terminations 

The active device (MAX2649) is described in the 
ADS design flow as a two-port network in the form 
of the Touchstone format file (*.s2p). 

Both S-parameters and noise parameters of the 
active device are included in this file and are used 
for noise and power gain matching as well as for 
stability analysis of the LNA. 

 
Fig. 1. Block diagram of the 5 GHz RF front-end. 

 
The substrate used is a double layer PCB with the 

Rogers material RO4350B. The PCB parameters 
are presented in Table 1. For the chosen PCB 
manufacture process the minimum width of the 
microstrip lines is 75 µm, with a specified tolerance 
of ±10%. 

A. Stability Analysis 

Two problems appear when designing a LNA: 
1) Achieving the specified noise figure, while 

keeping the input power matching (the amplifier 
gain) as good as possible. 

2) Achieving stability without worsening too 
much the noise figure and the gain of the amplifier. 

Besides the optimal noise figure, the stability of 
the amplifier is an important aspect in every RF 
design. Here, the chosen stabilization method is a 
shunt resistor at the output. Simulation results 
presented in Fig. 2 show that the stabilization 
method increases the minimum noise figure, NFmin, 
with 0.1 dB over the entire frequency band. 
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Fig. 2. Simulated minimum noise figure, NFmin, 

without and with the stabilization resistor, marked 
with m2 and m3, respectively. 



B. Input and Output Matching Networks for 
Minimum Noise Figure 

The stabilized amplifier was simulated and the 
simulation results indicate a minimum noise figure, 
NFmin, equal to 1.91 dB when the source impedance 
Zopt = 12.3 + j8.70 Ω and the load impedance ZML = 
10.8 + j26.8 Ω. The corresponding power gain is 
equal to 12.96 dB. The schematic of the LNA 
including the input and output matching networks 
implemented with lumped elements is shown in Fig. 
3. 
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Fig. 3.  Schematic of the LNA with synthesized 
matching networks: IMN{Cin= 1.07 pF, Lin =0.913 nH } 
and OMN{Cout=1.133 pF, Lout=1.449 nH}. 

 
In this work, the design of the matching networks 

is done for the minimum noise figure, NFmin, hence 
no tradeoff between NF and power gain was done. 
Both the noise figure and the power gain meet the 
LNA specification. 

LNA IMPLEMENTATIONS: SIMULATION RESULTS AND 
ANALYSIS 

There are two possibilities to implement the 
previous LNA design: 1) using discrete passive 
components (i.e., lumped element models), and 2) 
using microstrip transmission lines (i.e., distributed 
element models). These two implementations are 
presented and analyzed below. 

A. LNA Design I: Lumped IMN and OMN 

Passive RLC components are nowadays small in 
size but for high precision at high frequency they 
become very expensive. Even for RF recommended 
components, tolerances are in the range of ±10 to 
±30%, [3]-[4]. Another general problem when 
designing RF circuits implemented with discrete 
components is the general lack of high-frequency 
component models. The design process becomes 
more and more uncertain for small nominal 
component values used in RF applications. As 
shown in [2], the classical RLC model for capacitors 

must be replaced by sophisticated distributed 
models. All these aspects result in poor designs and 
low manufacturing yields. Therefore it is very 
interesting to simulate and analyze the LNA circuit 
shown in Fig 3 with appropriate components values 
together with their tolerances. 

Fig. 4 illustrates the output noise figure variation 
when the IMN component nominal values vary 
accordingly to their data sheet [3-4]. Almost all 
simulated combinations within the specified 
component tolerances result in greater noise figure 
than the LNA specification permits. 

TABLE I 
PCB PROCESS PARAMETERS 

Material RO4350B 
Dielectric thickness 0.254 mm 
Dielectric constant 3.48 ± 0.05 
Dissipation factor 0.0037 
Metal thickness 0.045 mm 
Metal conductivity 5.8 x 107 S/m 
Surface roughness 0.001 mm 

5.15 5.20 5.25 5.30 5.355.10 5.40

2.0

2.5

3.0

3.5

1.5

4.0

Frequency (GHz)
N

oi
se

 F
ig

ur
e 

(d
B)

 
Fig. 4. Simulated noise figure when: Cin = 1.1 ±0.25 

pF, Lin = 1.0 ±0.3 nH compared to the minimum noise 
figure (line marked with dots). 
 

Fig. 5 shows that the matching networks are 
highly sensitive to the LNA power gain, as well. 
Note that the power gain can fall as low as 9 dB at 
5.25 GHz and 8 dB at 5.35 GHz. 
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Fig. 5.  Simulated power gain when Cin = 1.1 ±0.25 

pF, Lin = 1.0 ±0.3 nH, Cout = 1.1 ±0.25 pF, Lout = 1.4 
±0.3 nH, compared to the nominal designed power 
gain (line marked with dots). 

 

B. LNA Design II: Distributed IMN and OMN 

The second design of the LNA, using microstrip 
lines and thus distributed models, is shown in Fig. 6. 
The microstrip IMN and OMN are synthesized in 
ADS using the PCB parameters listed in Table 1. 
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Fig. 6. Schematic of the LNA with microstrip line 

input and output matching networks. 



The output noise figure and power gain, when the 
line width varies with ±10% and the dielectric 
constant of the substrate varies with 3.48 ± 0.05 are 
hown in Fig. 7 and Fig. 8, respectively. s 
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Fig. 7. Simulated noise figure when the microstrip 

line width varies with ±10% and the dielectric 
constant of the substrate varies with 3.48 ± 0.05. 
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Fig. 8. Simulated power gain when the microstrip 

line width varies with ±10% and the dielectric 
constant of the substrate varies with 3.48 ± 0.05. 

 
By comparing Fig. 7 to Fig. 4 and Fig. 8 to Fig. 5 it 

is apparent that a better control upon the LNA noise 
figure and power gain can be obtained when the 
microstrip line matching networks are used. The 
simulation results also show that the LNA 
performance meets the specification. Fig. 9 shows 
the LNA power gain simulation result with the 
microstrip IMN and OMN. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Simulated power gain of the LNA with the 
microstrip IMN and OMN. 

EXPERIMENTAL RESULTS 

Samples of the LNA implemented with microstrip 
IMN and OMN were fabricated. Figs. 10a and b 
show the ADS layout and the photograph of the 
LNA test module, respectively. 

 
  

 
 
 
 
 
 

Fig. 10. LNA with microstrip IMN and OMN: (a) layout, 
and (b) processed test module. 
 

Fig. 11 shows the measured power gain of the 
LNA. By comparing the simulated LNA power gain, 
shown in Fig. 9, to the measured one shown in Fig. 
11, it can be seen that the LNA design based on 
distributed matching network models predicts the 
manufactured LNA performance very well. 
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com  

 

射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

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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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

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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