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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
The successful design of multi-chip modules for
microwave systems using EDA tools has been enabled by
using behavioral models for the IC components. Data-
based models were created from large-signal
measurements or simulations of the ICs, and the nonlinear
performance of the module, such as gain compression,
was simulated accurately.
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Introduction
Modern microwave and wireless systems are nowadays
too complex to allow complete simulation of the
nonlinear behavior at the transistor level of description. A
higher level of abstraction of the design is required. This
has led to the development of many types of "behavioral
models" of the sub-systems and ICs that comprise the
overall module. Such behavioral models include "black-
box" models, in which the input-output behavior of the IC
is described in an abstract mathematical formulation, for
example a neural network(1); and "grey-box" models,
where the device behavior can be fitted to a template
description, for example, a polynomial transfer function,
or given circuit topology.

In this paper, we are concerned with grey-box models that
are based on look-up tables of data derived from large-
signal measurements or nonlinear simulations of the IC.
These grey-box models are available in the Agilent
'Advanced Design System' (ADS) microwave simulator,
as 'System-Data Models'. We shall describe how the
models were generated and used in the successful design
of a broadband multi-chip microwave module.

Multi-Chip Module Design and Simulation
Challenges in RF/microwave module design include
power and gain budgeting through the amplifier chain,
and ensuring that no component is driven into saturation,
hence creating unwanted harmonic and intermodulation
products in the output signal. Because nonlinear
simulation of a module using transistor-level models is
impossible, due to non-convergence, complexity, etc.,
much simpler "simulation" tools such as Microsoft
Excel® are often used to perform gain/power budgeting.

 This approach can only give an initial guess, since the
interactions between the ICs in the module, and any
frequency response effects are generally missing from this
calculation. Such interactions include linear effects due to
mismatch between components, and nonlinear effects
leading to harmonic/intermodulation distortion.

It is an advantage to be able to use a single simulation
environment for both system and circuit level design. This
permits the same types of analyses to be carried out at all
levels of hierarchy in the design of the system, and would
enable a mixture of transistor-level and behavioral models
to obtain optimal design and simulation capability.

Further, the ability to design and simulate with confidence
at the behavioral level of hierarchy enables a number of
different design alternatives to be explored without the
need to build expensive and time-consuming hardware
prototypes. This allows a broader aspect of the design
space to be studied in an efficient manner.

ADS System – Data Models
A range of models exists in ADS to describe amplifier
and mixer components, using measured or simulated
large-signal data. These are the 'System – Data Models'
In this paper we are primarily concerned with two-port
models to describe amplifiers, switches, attenuators, etc.
We have used the 'S2D Amplifier' and 'P2D Amplifier'
models with the appropriate datafiles to model the ICs:
the small- and large-signal behavior of the amplifier is
captured in a datafile that is read by the model.  The
models’ behavior, and the generation of the datafiles is
described below.

S2D Amplifier
This is essentially a narrow-band amplifier model.  It uses
the measured S-parameters for matching, and models the
large signal amplifier transfer characteristic by fitting a
polynomial to the fundamental power out/power in (Gain
compression) characteristic. Hence, the polynomial fit is
an odd-order polynomial, and only odd-order harmonics
are produced by this model.  The associated 'S2D' datafile
comprises a block of S-parameter data over a range of
frequencies, and a 'GCOMP' table, which described the
magnitude and phase of the gain compression at a single
frequency.



We used this component  to model switch and attenuator
devices, using a broadband set of measured S-parameters
in the datafile, and a gain compression curve measured at
a single frequency in the band.  With passive components
the compression point is generally not the limiting factor
in the overall module design, but some indication of when
(say) the P-1dB point is reached is a useful flag.

P2D Amplifier
This is a broadband amplifier model based on 'Large
Signal S-Parameters'. The LSSP are defined as
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and the Vs and Is are the Fourier coefficients at the
fundamental frequency. The P2D Amplifier model reads a
'P2D' datafile that contains:

a table of small-signal S-parameters over frequency;

a series of tables of Large-Signal S-Parameters: each
table is a single frequency, and contains the LSSPs as
functions of the power incident at Ports 1 & 2. These
tables need not be the same size, nor must the
incident powers be identical from table to table: the
interpolator in the ADS simulator can take care of
this non-uniformity of the data, provided that one of
the variables (i.e. frequency) is on a uniform grid.

The P2D Amplifier is monochromatic: works only at a
single frequency – it cannot generate the harmonics
produced by the nonlinear gain characteristic, but predicts
well the gain compression behavior as a function of
frequency across the (broad) bandwidth of interest.  We
used the P2D Amplifier to model the amplifiers in the
multi-chip module.

Datafile Generation
The S2D and P2D Amplifier models were chosen because
the associated datafiles are in text format – human
readable, and can be generated easily from measured data
on the actual ICs.

An Agilent 8510 Vector Network Analyzer was used with
external amplification to generate the large drive signals
at the input and output ports of the amplifier IC, and the
fundamental tones were measured to determine the
magnitude and phase of both Small- and Large-Signal

S-Parameters at each input power level.  This data was
used to create the P2D and S2D files.  The system setup is
shown in Fig. 1.

Fig. 1.  Agilent 8510 VNA with external amplifiers for P2D file
extraction.

These and other 'System – Data Models' can also be
generated directly from simulation of the transistor level
circuit in ADS.  The setup shown in Fig. 2 generates the
P2D file automatically.

Fig. 2.  Agilent ADS Setup for P2D file extraction.



An excerpt of a P2D file for a broadband amplifier,
generated directly from measured data, is shown in Fig. 3.
Further details of the file structures can be found in the
ADS documentation(2).

BEGIN ACDATA
#AC( GHZ S DB R 50 FC 1 0 )
!FreqS11m S11ph S21m S21ph S12m ...
![GHz][dBm] [Deg] [dBm] [Deg] [dBm] ...
%F n11x n11y n21x n21y n12x ...
1 -18.3825 -99.2072 11.8947 138.8001 -59.1892 ...
1.5 -20.9719 -124.826 11.3667 130.0363 -58.8555 ...
2 -23.6244 -142.497 11.2236 120.0527 -53.9049 ...
2.5 -27.2905 -151.965 11.1670 109.9809 -52.6143 ...
3 -31.2688 -159.010 11.1751   98.9049 -54.8310 ...
.
.
.
!Large signal Sparameters Begin
%F
1
%P1 P2 n11x n11y n21x n21y...
-2.6676 -6.6932 -18.2882 -100.292 11.8505 138.7...
-1.6483 -5.6746 -18.3437 -100.610 11.8476 138.7...
-0.6472 -4.6766 -18.3104 -100.877 11.8347 138.8...
 0.3686 -3.6554 -18.2969 -100.644 11.8233 138.8...
 1.3660 -2.6606 -18.3104 -100.783 11.8083 138.9...
 2.3590 -1.6623 -18.3385 -100.439 11.7885 138.9...
.
.
.

Fig. 3. Excerpt from P2D Data File

Model Verification
The models for each IC were compared against measured
and simulated data, under small- and large-signal
conditions. The table-data is interpolated between the
measurement points using cubic spline functions, and
extrapolated linearly outside the measurement data
bounds. This yields a robust model in the simulator. The
power compression characteristics of a broadband
amplifier, comparing behavioral model and transistor-
level circuit model, are presented in Fig. 4. The
behavioral model is simulated on a finer grid than the
original data, and can be seen to exhibit good
interpolation and extrapolation characteristics. The grey-
box model simulation ran about 300 times faster than the
circuit level simulation.

Modeling the Multi-Chip Module
The multi-chip module for the broadband power source
comprises amplifiers, switches, filters, attenuators and
includes a frequency doubler.  It is constructed on an RF
printed circuit.  In the ADS simulation, the module was
constructed from behavioral models of amplifiers,
switches, attenuators, and a circuit-level model for a
frequency multiplier, as shown in Figure 5.

S-parameter and power budget/compression analysis over
the range of frequencies could be performed over the
whole module, and each component's behavior examined,
in a matter of seconds.  As an example, the module power
output is shown over the complete frequency range in
Fig 6.  These simulation results would be impossible to
obtain by using full circuit-level models for every IC.

This simulation and analysis capability provided the
designers with greater insight into the module behavior
than was possible previously.  For example, to obtain the
good agreement between the measured and modeled
output power shown in Fig 6 required more accurate
models of the passive components in the module, such as
the board connectors, on/off chip interconnects, etc.

Further, in the simulated structure we have the ability to
'probe' the module and investigate the interactions
between the ICs, and study power levels and compression
inside the module.  Such a facility is not possible with the
completed module: as with ICs, we cannot physically
probe the circuit to measure these interactions.

For example, the module prototype exhibited higher
harmonic levels than was expected, indicative of running
an amplifier at higher compression than anticipated in the
original design.  By probing the power at every point in
the amplifier chain, we can see in Fig. 7 that the Driver
Amplifier to the output PA is running in compression.
This would be difficult to identify from measured data
alone: it might be expected that the final stage, the PA
itself, is the device in compression.  Here, with the aid of
grey-box modeling, we are able to diagnose the problem,
and hence determine a solution.
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Fig. 4.  Power output in dBm vs frequency, parameterized by input
power, for a transistor-level circuit model (blue curves) and P2D
Amplifier model (red curves)
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Conclusions and Further Work
A complex microwave module has been modeled and
simulated in Agilent ADS using grey-box System – Data
Models. Excellent agreement between the modeled and
measured data for the individual models and the overall
module was obtained. Using the models enabled the
identification of design issues that would have been
otherwise impossible to correct.

The use of grey-box modeling as an integral part of
module and system design enables the investigation of
alternative design scenarios without requiring costly and
time-consuming hardware prototypes.

There are more sophisticated amplifier models in the ADS
'System – Data Models' portfolio.  These models can be
generated from simulation of the transistor-level circuit,
using a built-in setup, producing an ADS dataset binary
file that can be read by the model.  These models can also
be generated from measurement, by using an Agilent
PNA-series E8364A Vector Network Analyzer, which
can output its measured data in the ADS dataset format.

Output_Stage

Multi-Chip Module

Transistor-level model used
for Frequency Doubler

Fig. 5.  Multi-Chip Module high-level schematic, and details of the sub-circuit containing the Amplifier Behavioral Models, in ADS.
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Fig. 6 Measured and modeled power output in dBm versus
frequency for the Multi-Chip Module.  The black trace is the
measured data, the colored traces are the model predictions.

Frequency, GHz

Pin = 0 dBm



Further behavioral modeling development will focus on
black-box modeling techniques, such as Non-Linear Time
Series (NLTS), as described in Ref (1).  This technique is
founded in the principles of nonlinear dynamics and
offers a more general and powerful approach to the
transportable modeling of nonlinear circuits and systems.
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(a)  Line Amplifier

(b)  PA Driver Amplifier

 (c) Module Output at PA stage

Fig. 7.  Modeled Power Out versus Power In Compression
Characteristics of the output stages of the Multi-Chip Module,
showing compression occurring at the PA driver stage.



 
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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