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Abstract

One of the key challenges in the design of high-speed links and particularly upcoming multi-
media interfaces like High Definition Multimedia Interface 2.0 (HDMI) and DisplayPort 1.2a
(DP) is that higher data rates need to be supported over existing low-bandwidth, low-cost trans-
mission media for backward compatibility and cost effectiveness. The proliferation of such
physical interfaces in battery driven systems has demanded significant power reduction along
with an increase in throughput.

This work proposes architectural and circuit level improvement targeting low-power high-
data-rate transmitter and receiver designs. The proposals are implemented in a 28 nm ultra-
thin body and buried oxide (UTBB) fully depleted silicon on insulator (FDSOI) technology,
for recently developed high data rate specification for display interfaces, HDMI 2.0 and DP.
Detailed measurement results emphasizing the improvement in energy efficiency are presented.

For receiver design, a multi-stage continuous-time linear equalizer (CTLE) design with
a controllable transfer function is proposed. The entire frequency range of interest, from DC
to gain roll-off frequency is divided into six regions and the transfer function of the CTLE in
each region is independently controlled and adapted to be the inverse of the channel transfer
function in the respective frequency regions. Linear amplifiers are followed by CMOS buffers
to provide a rail-to-rail output, which led to the design of a low power slicer, clock data recovery

(CDR) circuit, and a low power receiver design. A digital adaptation scheme to adapt the CTLE



transfer function is also proposed.

The equalizer is used for 6.0 Gb/s data transfer per channel for high definition multimedia
interface 2.0 (HDMI) receiver and 5.4 Gb/s per channel for DisplayPort (DP) receiver designs.
Fabricated in a 28 nm UTBB-FDSOI technology, the 0.06 mm? CTLE consumes 30 mW and

achieves up to 28 dB of tunable peaking.

The entire receiver channel occupies 0.21 mm?, consumes 55 mW and achieves an energy
efficiency of 9.2 pJ/bit at 6.0 Gb/s, which is better than recently published works. A detailed
comparison with recent publications for HDMI and DP is presented. This design achieves a
jitter tolerance of 0.7 Ul up to 10 MHz for HDMI, and 0.42 UI up to 100 MHz for DP, which is

better than their respective specifications.

For the design of a power-optimized transmitter, it is proposed to reuse power from the
receiver signal current. In an open drain transmitter, signaling is achieved by pulling current
from one of the two receiver termination impedances. It is proposed to re-architect the open
drain transmitter to harvest power of the receiver signal current. This receiver signal current is
re-used to run the digital, analog and custom digital signal circuits of the transmitter. Harvested
signal current is used to create a supply voltage which is regulated by a shunt regulator. There
is no local power supply needed at the transmitter side, and no extra power is taken from the re-
ceiver apart from whatever power comes out of it during standard signaling. Using the proposed
power harvesting technique, the design of a zero power HDMI transmitter capable of 4.95 Gb/s

data rate, i.e. 1.65 Gb/s per channel is presented.

At high data rates, the power demanded by the transmitter circuit increases and cannot be
met by the harvested signal power. The balance power requirement is met by augmenting the
harvested supply with the local transmitter supply. The generated power supply is maintained

stable despite being supported by two sources - the harvested current from receiver signal and



the local transmitter supply. The architecture to manage two different supply sources, achieving
a very high energy efficiency of 0.9 pJ/bit at 18.0 Gb/s transmission is presented. The HDMI2.0
transmitter was designed in 28nm UTBB-FDSOI technology. The power consumption from
the local supply is adapted to the data rate. As the data rate reduces, the power consumption of

the transmitter from local transmitter supply drops to zero.
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