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PAM-4, which could be a catalyst for reaching 400-Gb/s Ethernet, will also likely find homes in high-speed
serial interfaces such as FibreChannel. Pulse amplitude modulation (PAM) is a way to pack more bits into the
same amount of time on a serial channel.

The usual mechanism used in serial communications is the binary non-return to zero (NRZ). NRZ tracks the
values being sent; therefore, an idle state, where all the bits are the same value, leaves the signal at the same
level during the idle time (Fig. 1). NRZ differs from return to zero (RZ), which transitions to the 0 level for each
bit. RZ is self-clocking, but it requires more bandwidth.

An alternative to NRZ is NRZ Inverted (NRZI), in which a 1 bit is indicated by a transition from one level to
another. An idle using a 1 value will result in the signal cycling each bit.

NRZ and NRZI aren’t inherently self-clocking, but there are ways to address this issue. One is to use bit stuffing,
which forces a transition after a set number of bits. Another approach is to only allow particular patterns that
will have sufficient transitions to maintain an accurate clock at the receiver. Manchester encoding is one
example of the latter. Ethernet, for instance, employs an 8B/10B Manchester code that encodes 8 bits of data
using 10-bit codes. The 10-bit codes are chosen to give the data characteristics necessary for clock recovery from
the data.
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Encoding more data into the same timeframe can be done using different signaling levels. Such multi-level
signaling (MLS) or pulse amplitude modulation (PAM) can have multiple distinct levels. Actually, NRZ is a
two-level MLS or PAM-2 system. PAM-4 (Fig. 2) has four distinct levels to encode two bits of data, essentially
doubling the bandwidth of a connection.
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Of course, there’s no such thing as a free lunch. Generating or decoding more than two levels is typically more
difficult, and often requires better or more complex hardware. Likewise, for high-speed signals, random and
induced noise becomes a significant factor. The approach begins to pay off when there’s an escalation in cabling
costs. That’s the hope anyway when it comes to 400 Gigabit Ethernet, which will likely employ eight PAM-4
connections running at 28 GHz.
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