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摘  要 
 

    随着微电子技术的高速发展，单片集成的数字调谐系统（DTS）就能够提供

密集、高精度、高稳定度的可调频率信号，它基本上已取代了传统的机械调谐系

统，广泛应用于各种音响、电视等无线电接收系统中。其中锁相频率合成器和微

控制器是数字调谐系统的关键部件和主要功耗器件，因此，自主设计低功耗高性

价比的锁相频率合成器及其微控制器电路对数字调谐系统的产品普及和推广具

有重要的意义。 

本论文的课题目标是在分析借鉴现有 DTS 芯片电路的基础上自主设计一款

适用于移动终端的片上 DTS 系统芯片，工作重点在于设计低功耗高性能的锁相频

率合成器。论文的内容包括分析介绍锁相环与频率合成技术原理与关键问题，根

据应用需求自主设计锁相频率合成器的预置分频器、参考频率选择器和鉴相器，

后完成一个完整的可单片集成的 DTS 芯片整体电路设计。本论文工作的创新点

主要体现在对锁相频率合成器的设计上，包括：  

1．采用动态触发器设计了一种新型双模式分频器电路，该电路通过选通输

入频率信号或其二分频信号来实现 15/16 双模式分频，提高了分频效率。 

2．设计一种串联反馈型的可编程计数器电路，它可实现整体复位方式的周

期计数，相比于一般并行可编程计数器大大节省了电路器件数。 

3. 改进了传统吞脉冲计数器结构，设计了一种利用传输门来实现数据选择

的反馈控制电路，通过时钟屏蔽来消除无效触发，从而降低了吞脉冲计数器的实

际功耗。 

此外，本论文所设计的 DTS 芯片整体电路也是有实际参考价值的，这些电路

包括：1. DTS 微控制器的内部电路，如：ALU、存储器、控制器、寄存器组、控

制缓存等电路；2. DTS 外围功能模块电路，如：A/D 转换器、显示驱动、蜂鸣音

产生器、中频计数器、键盘输入接口、电源产生、时钟产生等电路。 

 

关键词：数字调谐；频率合成器；片上系统 
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Abstract 
With the rapid development of microelectronics technology, the 

single-chip integrated Digital Tuning System (DTS) is able to provide the 

adjustable frequency signal that is compact, accurate and stable. It has 

basically replaced the traditional mechanical tuning system, and is widely used 

in all kinds of radio receiver system, such as audio, video, etc. PLL(Phase 

Lock Loop) frequency synthesizer and micro-controller are the key 

components and the main power consumption devices in digital tuning system. 

Therefore, to design a PLL frequency synthesizer, with low power consumption 

and high performance-price ratio, and corresponding microcontroller 

independently is of great significance to popularizing and promoting the 

product of the digital tuning System. 

The objective of this paper is to design a Digital Tuning System on chip 

which is fit for mobile terminals. This DTS chip bases on the analysis of the 

existing DTS chip circuit. The focus is the design of low-power consumption 

and high-performance PLL frequency synthesizer. This paper includes 

following: presenting the principle and key issues of PLL frequency synthesizer 

technology, and then according to applications designing the prescaler,the 

reference frequency selector and the phase detector of PLL frequency 

synthesizer independently, finally accomplishing the design of a complete DTS 

integrated circuit chip. In this paper, the major innovation embodies in the 

design of PLL frequency synthesizer, includes: 

1. Providing a new circuit which achieves dual-mode frequency divider by 

using dynamic triggers, the circuit realizes 15/16 dual-mode frequency dividing 

through choosing the direct input signal or its dimidiate frequency signal, and 

increases the frequency dividing efficiency.  

     2. Designing a feedback programmable counter, it can achieve a new 

counting cycle through collectivity reset, and save substantial number of circuit 

components compared to the general parallel programmable counter.  

     3. Ameliorating the traditional pulse-swallow counter structures, 

designing a feedback control circuit by using of transmission gates to choose 

the data. It uses the clock-shielded to remove invalid clock trigger and reduces 

the actual power consumption of the pulse-swallow counter.  
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    In addition, the whole circuit of DTS chip that is offered in this paper is 

practically valuable for reference. These circuits include: 1. microcontroller 

internal circuits, such as: ALU, memory, controller，group registers, control 

buffer, etc; 2. DTS external circuit modules, such as: A / D converters, display 

driver, buzzing sound generator, intermediate frequency counter, the input and 

output interfaces, power generator, clock generator, etc. 

 

Key words: DTS; Frequency Synthesizer; SOC
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