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Abstract

For a high-loss channel, multi-level pulse amplitude modulation (PAM)
signaling is used to transmit the high-speed data in various wireline
communication systems; such as four-level PAM (PAM-4) or three-level
PAM (PAM-3). Compared with the non-return-to-zero (NRZ) signaling,
PAM-4 can achieve a higher data rate. However, PAM-4 signaling has a
limited signal-to-noise ratio (SNR) and is also sensitive to signaling
linearity. To trade off among the channel loss, linearity, and SNR, the
specification of USB4 using PAM-3 signaling. Therefore, this work is aim
to fulfill a low power PAM-3 receiver.

The proposed PAM-3 receiver consists of a two-stage CTLE, a two-tap
data DFE, a one-tap edge DFE, a retimer, PD logic, a DCO, a divide-by-8
divider, demultiplexers (DeMUXes), and a synthesized circuit. The
two-tap data DFE and the one-tap edge DFE are clocked by CKy / CKso /
CKigo / CKaro and CKus/ CKiss, respectively. For the two-tap data DFE, its
outputs, DHy and DLy, represent the sampled data and ERRy is used to
adapt the DFE’s coefficients, where x=1~4. The outputs, EHy and ELy
where y=1~2, of the edge DFE combine DHy and DLy to realize the PD
logic. Note that the PD logjc directly controls the DCO to reduce loop
latency. The synthesized circuit is composed of a proposed PRTS
checker, data/edge level loops, coefficient adaptation circuits, a PD,
and a 20-bit accumulator. The output signal, Error, of the PRTS checker
is used to calculate the bit error rate (BER). The data and edge level
loops generate the binary codes, REFp,[6:0], REFp [6:0], REFere.[6:0],
REF4,[6:0], and REFg,, [6:0], to generate the reference voltages for the
data and edge DFEs. The coefficient adaptation circuits generate the
binary codes, ai[4:0], a[4:0], and a.5[3:0] to control the first and the
second data DFE's coefficients and the edge DFE’'s coefficient,
respectively. The logic implementations for the level loops and
coefficient adaption circuits use the sign-sign least-mean-squares
methods. The PD and the accumulator generate the thermometer
codes Fene[126:0] and Faao[6:0] to control the DCO’s frequency.

Fig. 3 shows the proposed PRTS-7 checker. It consists of three selectors,
three decoders, a checker logic, and atoggle flip-flop. The DeMUXes will
output 32 sets of the data, {DH’, DUo}~{DH's1, DL's1}, every clock cycle of
CKans. The selectors will select 3 sets of the data, and the decoders will
convert these data into the PAM-3 symbols denoted as S, Si, and S,

BB B RR

Then, the checker logic will check whether S," is equal to
mod3(S,,'+2S,+"), and the toggle flip-flop will check CHKO. If CHKO
is the logic high, which S." is not equal to mods(S,»'+2S.+'), the
output signal, Error, will alter every clock cycle of CKgus. If not, Error
will be kept. Therefore, the BER of the receiver can be easily
converted by measuring the time during Error is kept.

Fig. 4 shows the die photo of the proposed PAM-3 receiver. It is
fabricated in TSMC 28-nm CMOS technology and has an active area
of 0.12mm?. The supply voltage of 0.9 and 1V are for the synthesized
logic circuit and remaining ones, respectively. The total power
dissipation of the PAM-3 receiver is 90-mW for the 40-Gb/s PRTS of
3'-1 when the channel loss up to 23-dB at 12.8-GHz. Compared to
recently work, our work achieves a good FoM with the similar or
larger channel loss. In addition, the TX FFE and passive inductors are
not required in our works. Therefore, the smaller area is achieved.

From
DeMUXes

{DHs1',DL3;%}, ..., {DH,', DLo}

Selector & [Lgon, for n = 7~31 Checker logic

Decoder
|.= Sn-z’ Sn-7'
6 2 2
Sn’; Sn-z', Sn-7'= <2
{DHs, DLn}"Sn’
1 1 2 . Error
o [ o |0 Sn'g ! ) CHK°
others || 1 CKuns

Fig. 3 PRTST checker.

Fig. 4 Chip photo of the PAM3 receiver.
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