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Understanding VCO Concepts 
 

OSCILLATOR FUNDAMENTALS 
An oscillator circuit can be modeled as shown in Figure 1 as the combination of an amplifier with 
gain A (jω) and a feedback network β (jω), having frequency-dependent open-loop gain H (jω) =  
βA.  

 
The general expression for closed-loop gain is  
 
which states that the system will oscillate, provided βA = 1. At the frequency of oscillation, the total 
phase shift around the loop must be 360 degrees, and the magnitude of the closed loop gain must be 
unity. A common emitter circuit provides 180 degree phase shift. If the circuit is used with feedback 
from collector to base, the feedback circuit must provide additional 180 degree phase shift. If a 
common base circuit is used, there is no phase shift between the emitter and collector signals, and 
the feedback circuit must provide either 0 degree or full 360 degree phase shift. 
 
Although the model shown in Figure 1 can be used to analyze and determine the necessary and 
sufficient conditions for oscillation, it is easier to use the model shown in Figure 2 where the 
analysis is performed in terms of a negative resistance concept. This is based on the principle that a 
resonator such as an inductor-capacitor tuned circuit, once excited, will oscillate continuously if no 
resistive element is present to dissipate the energy. It is the function of the amplifier to generate the 
negative resistance and maintain oscillation by supplying an amount of energy equal to that 
dissipated. The selection of the circuit topology is dictated by several factors: 
 

(a) Frequency of oscillation 
(b) Tuning range 
(c) Choice of transistor, and 
(d) Type of resonator. 

   A 

     β 

Vi Vo Figure 1    An oscillator may be modeled as     
the combination of an amplifier 
and a feedback loop 

Vo    A 
Vi 1 – βA 
 

Figure 2 An oscillator may be modeled using a 
negative resistance concept 
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EXAMPLES OF OSCILLATOR DESIGN 
A bipolar transistor with capacitances between the base and emitter, and the emitter and ground, can 
be used to generate a negative resistance. Examples of these circuits are shown in Figure 3. 

An inductive resonator may be used in any parallel resonant oscillator circuit. The signal is 
generated at the frequency where the inductor resonates with the load capacitance. The circuits of 
Figure 3 are preferred for high stability oscillator circuits because of the ease with which the 
resonator may be isolated from the load, which is in the collector circuit. In a VCO the variable 
capacitor is implemented using a varactor diode. The Clapp circuit has the advantage of better 
constancy of feedback because the ratio of C1 to C2 does not vary over the tuning range. 
 
Consider the more detailed schematic diagram in Figure 4a, and the equivalent circuit of its 
resonator in Figure 4b that is used to derive the design equations below.  

Figure 3   Forms of oscillator 
circuit discussed 
(RF equivalent) 

Figures 4a and 4b  Oscillator design evaluation for CLAPP circuit 
 



 

AN-95-007   Rev. OR   M123862   (08/21/09)   File: AN95007.doc  
This document and its contents are the property of Mini-Circuits.        Page 3 of 5 

       
 
The input impedance looking into the part of the circuit to the right of the dashed line in Figure 4b is 
given by: 
 
 
 

where 
 
 
 
 
 
The quantity –(gm/ω2C1C2) is negative indicating a negative resistive component. Therefore, in order 
to maintain oscillation we must have 

where r is the series resistance of the resonator. The frequency of oscillation is given by 

The ratio C1/C2 is selected to be greater than 1 so that the circuit has sufficient loop gain for start-up 
condition at the lowest operating temperature. A VCO is implemented by replacing a fixed capacitor 
such as C3 with a varactor.  
 
In another circuit that can generate a negative resistance, Figure 5 shows a bipolar transistor with an 
inductive reactance between the base and the ground. This common-base topology is preferred at 
higher frequencies. Adding an inductive resonator and a variable capacitor to form a tank circuit as 
shown in Figure 6 completes the oscillator. 

Figure 5  Common base circuit configured        Figure 6  Common base circuit with resonator  
              for generating negative resistance                        added to form an oscillator 
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TUNING SENSITIVITY CHARACTERISTICS 
There are two basic types of varactors: abrupt and hyperabrupt. The abrupt tuning diodes have very 
high Q and will operate over a very wide tuning voltage range (0V to 60V). The abrupt tuning diode 
provides the best phase noise performance because of its high quality factor. 
 
Hyperabrupt tuning diodes, having capacitance inversely proportional to the square of the voltage, 
will provide a much more linear tuning characteristic than the abrupt diodes. These are the best 
choice for wide band tuning VCOs. An octave frequency range can be covered with less than 20V 
tuning voltage range. Their disadvantage is that they have a much lower Q and therefore provide a 
phase noise characteristic higher than that provided by the abrupt diodes. 
 
For a varactor diode, the capacitance is related to the bias voltage by the following equation: 
 
 
 
where A is a constant, VR is the applied reverse bias voltage, and Φ is the built-in potential which is 
0.7V for silicon diodes and 1.2V for gallium arsenide diodes. For the analysis that follows, we may 
write 

where A is the capacitance of the diode when V is one volt and n is a number between 0.3 and 0.6, 
but can be as high as 2 for a hyperabrupt junction. The tank circuit of a typical VCO has a parallel 
tuned circuit consisting of an inductance L, a fixed capacitance Cf, and a varactor diode C. The 
frequency of oscillation can be written as 

Let ωo be the angular frequency of the unmodulated carrier, and let Vo and Co be the corresponding 
values of V and C. Then from Equation (3) we have 

If Vo is modulated by a small voltage ΔV, the carrier will be deviated by a small frequency 
difference Δω. 
 
 
Substituting for L and rearranging, we have 

 



 

AN-95-007   Rev. OR   M123862   (08/21/09)   File: AN95007.doc  
This document and its contents are the property of Mini-Circuits.        Page 5 of 5 

The oscillator tuning sensitivity K1 can therefore be written as 
 

The units of K1 are radian/second/volt. For tuning sensitivity in Hz/volt, divide the right side of the 
equation by 2π. 
 



 
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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