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The  functional  characteristics  and  design 
challenges  associated  with  a  variety of 
communication-related  circuits  are  presented. 
These  include  the  mixed-signal  design  and 
noise  issues  associated  with  high-speed 
clock  generation  and  recovery  for  serial 
data  communication.  Hardware  results  are 
presented  on  the  noise  properties  of  common 
integrated  voltage-controlled  oscillator (VCO) 
circuits. 

Introduction 
A key characteristic of ICs in many communication-related 
applications is the combination of analog circuits with 
digital  logic,  while  maintaining  maximum performance at 
minimum power and cost. This combination presents a 
number of challenges beyond basic circuit design issues, 
ranging  from  technology choice and simulation techniques 
to noise and crosstalk. This paper focuses on recent 
CMOS  design work addressing these issues, with 
specific attention to the area of high-speed serial data 
communication. 

Serial baseband data links, whether using fiber-optic or 
coaxial cables, incorporate coders and decoders, high- 
speed multiplexors and demultiplexors, and low-speed 
clock synchronization, along  with phase-locked loops for 

high-speed clock synthesis and recovery (Figure 1). In 
addition, specialized analog circuits are typically required 
to interface with the particular medium  (e.g., a laser driver 
and optical receiver circuit if a fiber-optic cable is used). 
The requirements and circuits for these specialized 
functions can vary widely  depending  on the transmission 
medium; however, the building blocks shown in Figure 1 
are common to almost  all serial data links and are the 
focus of this paper. 

The basic function, while conceptually simple, presents 
a number of significant  design challenges due to the wide 
range of clock speeds and the mixture of analog and digital 
circuits required. For example, the Fibre Channel standard 
[l] specifies a maximum data rate of 1063 Mbaud, or a bit 
interval of 940 ps for the serial data. Clock generation and 
recovery and data retiming  must operate at this high data 
rate, with a timing resolution of a fraction of the bit 
interval. Typically, these functions are implemented  using 
custom analog circuits in order to achieve the stringent 
timing requirements and high speed; however, relatively 
few transistors are required (-500). At the parallel  end 
of the data chain, frame processing (address resolution, 
sequence generation, etc.) is done at a multiple-byte level, 
at clock speeds of 50 MHz or even slower. The timing 
requirements are modest by current standards, but 
moderate transistor counts (-5 X lo’) are required to 
implement this function. 
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