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A 112Gb/s XSR PAM-4 Transceiver in 28nm CMOS
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Abstract

In recent years, as chip systems have been growing larger, there are
die-to-die communication in a large system. The computational
engines in these packages need to exchange data frequently. As the
result, the application of ultra-short reach (XSR) SerDes has
gradually become a mainstream trend. Other applications such as
Al/ML, HPC, and optical also require the use of XSR SerDes
technology. Compared to long reach (LR) applications, XSR one
has lower channel loss typically not exceeding 6dB at the
Nyquist rate frequency. Therefore, there is no need for excessive
power consumption at the chip end to do the equalization to
recover the channel loss. Therefore, XSR SerDes emphasizes the
low-power operation.

In the prior art of two ISSCC papers published in 2021, the power
efficiency achieved by TRX in a 7-nm process was 1.7pJ/bit and
1.55pJ/bit, respectively. Therefore, the goal of this project is to
develop a SerDes chip with the same data rate (112Gbps) and the
same application scenario (XSR) while consuming less power. The
innovative architecture of the chip is expected to achieve a power
efficiency of less than 2.52pJ/bit in a 28-nm CMOS process.

Figure 1 shows the architecture of 112Gbps receiver. It utilizes four
3-bit sub ADCs and twenty 2-bit sub ADCs to capture more error
information, thereby further enhancing the performance of the
clock and data recovery (CDR). Compared to traditional architectures
that require decoding of 3-bit thermometer codes, this architecture
directly decodes the binary code and relaxes the load on the
analog front-end circuitry, effectively reducing power consumption.
Other calibration function such as DC offset calibration, equalizer
adaptation, and clock skew calibration are included in the
low-speed digital circuit to tolerate temperature, voltage, and
channel loss variations in the chip.
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Figure 2 shows the architecture of 112Gbps transmitter. It adopts
a quarter-rate clocking scheme while disassembling the 4:1 MUX
into 4:2 MUX and 2:1 MUX stages with in-phase and quadrature-phase
clocks, respectively, to reduce the output loading. The 2:1 MUX is
merged in the driver unit to reduce the number of full-rate nets.
The 3-tap FIR is put in front of the 8:4 MUX and can be configured
between (a-2, a-1, a0) and (a-1, a0, al) modes for different
channels. The duty-cycle correction (DCC) and quadrature-phase
error correction (QEC) units are included with automatic calibration
by sensing the average output voltage of a replica 4:2 MUX cell
which is sequentially encoded as different clock patterns.
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Fig.3 Concept of 3bit ADC decoder.
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Fig.4 RX adaptation result.
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