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?> Abstract

With the advancement of Internet cloud technology, data
bandwidth growth is exploding. In order to increase the
data bandwidth of the overall system, the number of
electrical channels between the printed circuit board and
the single chip must be increased. However, the use of
traditional copper cables for signal connection is facing
many bottlenecks such as electromagnetic interference,
high frequency attenuation, and length limitation. On
the other hand, the fiber optic cables used in long-
distance telecommunications (submarine optical cables,
intercontinental optical cables) have been used for more
than 30 years since the 1980s. In the medium and long-
distance network communications (both metropolitan area
and regional networks) and hundreds of meters of data
storage systems (transmissions between data centers,
server and server), fiber-optic communications have also
been used to more than 10-20 years, respectively. Currently,
the data link between the server, the circuit board, and
the chip to chip is to overcome the loss caused by the
electrical connection of the copper cables. It is estimated
that more and more input and output interfaces will use
optical link technology, optical fiber will gradually replace
traditional copper cables, and the transmission distance
will be shorter and shorter, finally, applicable products will
be closer to the general public. According to IDC, global
data volume will grow 10 times from 2013 to 2020, and
the total data will increase from 4.4 ZB to 44 ZB. A high-
speed and energy-saving optical receiver will save energy
consumption per data bit transmission, thereby saving the
energy consumption of several power plants. It combines
photoelectric, communications, and circuit technology
to make a great contribution to green environmental
protection.

This work presents the design of a highly integrated optical
receiver comprising of a front-end amplifier, a CDR, and a
1:4 demultiplexer. The system architecture is shown in Fig.
1. Incorporating with an integrating type receiver front-
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end, a new baud-rate CDR is proposed to achieve both
high sensitivity and highly energy-efficient operations.
Compared to conventional 2X oversampling CDRs that
require edge samples for timing adjustment, the baud
rate CDR reduces the number of sampling phases by half
to save area and power consumption. Besides, a hybrid
loop filter consisting of analog decimation and digital
post processing is proposed. It greatly relaxes the speed
requirement of an all-digital loop filter while keeping the
flexibility of a programmable loop bandwidth.

By applying a PRBS31 test pattern and using a PD whose
responsivity is 0.53 A/W, the input sensitivities of the
optical receiver at 25 Gb/s operation is about -8.7 dBm
for a BER of less than 102 The recovered data jitter at the
demultiplexer output is about 1.7 ps (rms). The measured
jitter tolerance exceeds the mask defined by IEEE 802.3ba
standard. Implemented in a TSMC 40 nm CMOS process,
the chip area is only 0.09 mm?2 The energy efficiency of
the entire receiver is 2.1 pJ/bit at 25 Gb/s operation.
In terms of working conditions such as area, power
consumption, speed, and receiver sensitivity, this work
overall performance index (FOM) meets or exceeds the
technical level of existing international top-notch journals.
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Fig.3 Benchmark of energy efficiency.
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