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摘     要 

 

近年来，随着互联网应用的普及，人们对信息量的需求越来越大，光纤通信

逐渐应用于宽带用户的接入端领域。限幅放大器作为光纤通信中光纤接收机的关

键器件，其决定了接收机的灵敏度、带宽等重要参数，影响着整个光纤通信系统

的性能。因此自主设计高性能的单片限幅放大器具有重要的意义。 

本文基于 TSMC 0.18um CMOS RF 工艺，采用有源反馈、电容中和、Ft 倍

频器等技术的混合结构设计出满足实际应用要求的高性能单片限幅放大器芯片。

该混合结构可在不增加芯片额外功耗与版图面积下，有效地拓展芯片带宽。同时

根据产品对低功耗的应用要求，芯片内部集成了信号丢失检测模块，其可根据使

用环境关断开启输出缓冲单元，能够有效降低限幅放大器的静态功耗。另外考虑

到芯片版图设计以及芯片制造过程中可能产生的失配，芯片集成了直流失调补偿

模块，有效地补偿失配对芯片造成的不利影响。 

经 Hspice 后仿真后结果表明，本文设计的限幅放大器的最小输入电压幅度

小于 1mV，中频增益为 50.4dB，-3dB 带宽为 5.2GHz，在 1.8V 供电电压下静态

功耗仅为 71mW，动态功耗为 91mW，能够满足光纤通信 4.25GBPS 速率标准下

的应用要求，并向下兼容 2.125GBPS、1.0625GBPS 等速率。该芯片的整体版图

面积仅为 24.06.0 mm× （包括 ESD 、PAD），很好地实现了高性能低成本的芯片

研发要求。 
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Abstract 

These years, as the popularization of the internet, people require more 

information so the optical fiber is used in broadband client access gradually. As it 

determines some important parameters of the receiver, such as sensitivity and 

bandwidth, the limiting amplifier which affects the entire performance of network is a 

key device in the optical fiber receiver of optical fiber communication. Therefore, it is 

significant to design a high-performance monolithic limiting amplifier. 

In the thesis, a monolithic limiting amplifier chip with a mixed structure is 

designed based on the TSMC 0.18um CMOS RF technology. The mixed structure is 

composed of active feedback, capacity neutralization and frequency multiplier. It can 

effectively expand the bandwidth without increasing extra power consumption and 

layout area. Meanwhile, a signal loss detection module is integrated into the chip for 

low-power applications. The module can close or open output buffer to effectively 

reduce the static power consumption. In addition, a DC offset cancellation module is 

also integrated regarding to the mismatch caused by chip layout design and 

manufacture. It can significantly compensate the adverse effects of mismatch.  

The post-simulated results by Hspice indicate that the chip has a minimum 1mV 

input dynamic range, 50.4dB IF gain, and 5.2GHz -3dB bandwidth. It consumes only 

71mW at static and 91mW at dynamic under 1.8V supply voltage. The proposed 

design can meet the application requirements of 4.25GBPS rate standard in optical 

fiber communication and downward compatibility other rate ，such as 2.125GBPS, 

1.0625GBPS rate. The die area of limiting amplifier including esd and pads 

is 24.06.0 mm× , which properly realizes the requirements of research and 

development with high-performance and low-cost. 

 

Key Words：Limiting Amplifier, Bandwidth Extension, CMOS RFIC 
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