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Introduction to Duobinary Signaling
o Duobinary basics
o Duobinary signal detection

IBIS-AMI Modeling Overview

IBIS-AMI Modeling for Duobinary
o TXinput stimulus levels

o RXslicer levels and timing skew

Duobinary Eye Measurements
o Eye Diagram
o Bathtub Curves
IBIS-AMI Model Simulations for Duobinary Links

Conclusions and Future Work
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» Duobinary signal: combination of
current NRZ bit with previous
NRZ bit — multi-level signal

o Duobinary signal has three
signal levels.

o Same power spectral density
(PSD) up to frequency of 1/(2T)

as PAMA4 for the same data rate.

= Better SNR to bandwidth trade-off
in case of duobinary.
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= Consecutive bits NRZ stream added together
(1+z)
o Symbol rate equal to the NRZ bit rate.
o No high speed signal transitions:

* Impossible to go directly froma +1toa-1
symbol and vice versa — factor two reduction
in required bandwidth.

= Achieving duobinary in two different ways

1. At the transmitter: putting an NRZ stream through
a delay-and-add block.

2. Inthe channel: 1+z1 function realized by the
combination of equalization and the channel
insertion loss — less equalization needed




» Duobinary signal can be detected based on the decision logic below

if s(k)>TH, o Decision of current bit, d(k),
d(k) = 1; depends on the previous bit,
elseif s(k)<TH, d(k-1).
d(k) = O; o This causes error propagation
else if previous bit incorrectly
if d(k— ) — detected.
d(k) = O; o To avoid this, precoding on
else the TX side and de-precoding
dk) = 1; (demodulation) on the RX.
endif — Straightforward in case
endif of Duobinary
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» Precoding is implemented by a simple XOR gate and a single-bit delay at the full rate.
o Precoding can also be done at the half or quarter rate before the serialization.

» De-precoding/demodulation uses two slicers followed by a XOR gate.

NRZ Precoder Precoded NRZ

o0 1 1001011 0101 1 1 0010

J—__|_|_|_[— —> — L LI
/
0, IL=0

= An example is shown below © > on b9
—
d{k) X 0 0 1 0 0 1 0 1 1 1 0 1 0 b(k-1)
b{k) 1 1 1 0 0 0 1 1 0 1 0 0 1 1 1 «
2
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» For duobinary with precoding, detection requires de-precoding/demodulation
o This process uses two slicers followed by a XOR \

o Error propagation is avoided if s(k)>TH,, or s(k)<TH,
d(k) = 0;
else
d(k) = 1;
endif
Demodulation
N 000 1:1:0:0:0:0 ( Demodulated NRZ
g_>m [ (L1001 o 11|
> |

© bifast.io
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= TX DLL input is switching between 0.5V and -0.5V

= TX output is convolved with channel impulse response

= The simulator sends binary sequences to TX IBIS-AMI model

= The resultant waveform is input to the RX DLL

= RX data segments are processed sequentially with each AMI_GetWave() call
= RX sends equalized signal and clock ticks to the simulator

Received
Signal
Calculate compaosite analog/channe I"WpL”SE response
100110 then convolve Clock ticks
=t =n o L
\ - 1 /., |

T

RX ‘|
EQ/CDR -—L =X

Data flow algorithm

X Jitter I \
Channel Jitter
Analog
&

Data flow algerithm

Ul fi',,l
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= |t is proposed that the TX DLL input stimulus remain the same as that for NRZ.

» The EDAtool is responsible for precoding the binary data stream.

o Thus, for the TX DLL there is no difference whether the binary bits are precoded or not, but for the RX
decision, with or without it makes a big difference.

= Note that the TX DLL can either perform the delay-and-add operation or leverage the channel
to apply a low-pass filtering on the input NRZ signal to get the duobinary signal.

o The delay-and-add block is not implemented in this paper. This implies the equalization, jointly
delivered by the TX and the RX, has less burden in terms of the amount ISI that needs to be removed.

. TX RX 1 14414
DLL DLL :
clock times

NRZ stimulus | V J ™ At

Analog channelimpulse response L
TH
L
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» TH, and TH_ is proposed to be returned through the AMI_parameters_out string.
o The model returns a pointer to the string as the value of this argument.
o The content of the string is formatted as a tree structure of parameters with Usage Out and InOut.
o The tree structure is scalable and extendible, making it easy to add new parameters to the string.

long AMI GetWave ( double *wave,
long wave_size,
double *clock _times,
char **AMI parameters out,
void *AMI memory );

X RX
DLL - DLL :
clock times

NRZ stimulus \ J

Y TH At,
Analog channelimpulse response At
TH, | >
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= For optimal sampling result,

o The two slicers can possibly sample the signal at different times. The sampling time skew can be
adjusted adaptively and time dependent. It is proposed that two new AMI reserved parameters,
Aty and At, for upper and lower slicer sampling time offsets, relative to clock tick times.

o Assuming that the skew varies slowly after the adaptation converges, it is sufficient to update the
offsets once in each AMI_GetWave call.

o Similar to slicer levels, the offset values are returned by the model through the
AMI_parameters_out string argument of the AMI_GetWave function.

» In each AMI_GetWave, the RX model will write name-value pairs of TH,, TH,, At, and At,
into the AMI_parameters_out string and pass it back to the simulator
o The simulator will parse the string to extract slicer levels and sampling time offsets relative to

clock tick times. The slicer levels are used to decide duobinary logic on bits processed in this
AMI_GetWave call for BER calculations.

o The decision logic is implemented in the EDA. Eye diagrams, BER contours, and voltage and
timing bathtub curves can all be derived from the four sets of data.
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Duobinary Eye Measurement

» Eye diagrams W

o EDAtool can construct the duobinary eye diagrams

similar to the NRZ and PAM eye diagrams 2 2

= Bathtub curves

o EDAool separates the waveforms into the Upper and the Lower eyes depending on the resolved bit values

o The instantaneous slicer levels are used for the BER calculation

o The waveform segments are aligned according to the instantaneous clock ticks and timing offset

“ v,(t)-TH,(t) and v, (t)-TH,(t) t . (n)+At,(n)+U1/2

V,(t)-TH,(t) and v,(t)-TH,(t) t.. (n)+At,(n)+U1/2

lll
DEesicnCon ez w-‘@y JAN 31-FEB 2, 2017

WHERE THE CHIP MEETS THE BOARD




= The simulation is to verify the proposed
approach for modeling duobinary.

—— Channel-1
—— Channel-2 ||
—— Channel-3

= No crosstalk is included without affecting
the purpose of the proposed methodology.

» 100Gbps is the data rate for the work.

» The three channel losses, compared at
25GHz, are shown below, targeting
different reaches | 5 | 5 5 | 5

o 12.6dB R A A R e A
o 24.1d8 N S S S o
o 42,008 ™

90 i i i i i i i i
0 5 10 15 20 25 30 35 40 45 50
Frequency (GHz)
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= Simulation conditions include
o The data rate is 100Gbps. The data pattern is PRBS23 (before precoding).
o The channel is formed by cascading TX on-die, TX package, channel, RX package and RX on-die S-parameters.
o 1.5 million bits are simulated for each channel, with 0.5 million bits ignored for RX adaptation.
o The TX de-emphasis consists of 3-tap FIR (pre + main + post). The tap weights are manually programmed.
o Onthe RX side, there is a 2-stage CTLE, an AGC, plus 20-tap DFE.
o Allthe RX side parameters are adaptive, including baseline wander cancellation.
o Baud rate CDR is implemented for timing recovery.

G""i ChannelSim

ChannalSim1
NumberOfBias=1000000
TeleranceMode=Aute
EnforcePassnity=no
Mode=Bit-byy-bit

==l_]

+ = === Eye’_Probet

A : L‘I L‘I L‘I - RCAW
BitRate=100 Gbps

B

Tx pad Tx_package channel Rx pacakge Rx_pad
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» Eye diagrams for channel 1, 2, 3

O

Eye margin gets reduced with higher loss channels

o 50 GHz frequency is noticeably reduced for channel 2 and 3

o No significant DFE is required even for high loss channels
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= \Waveforms Channel 1 Channel 2 Channel 3
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= Timing Bathtub Curves

] hannel 1

—— lower eye

——— upper eye

time, psec

= Voltage Bathtub Curves
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= Slicing level and CDR adaptation

0.06 THH/THL adaptation 0.06 THH/THL adaptation THH/THL adaptation
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IBIS-AMI Modeling — A Unified Solution
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= We proposed what is needed to enable IBIS-AMI simulation for duobinary
o There is no change on the TX side in the AMI model
o RXDLL needs to send two slicing levels, TH, and TH,, to the EDA tool
o EDAtool can opt for the precoding and de-precoding

= We verified this flow through simulations over three selected channels

» The EDA tool should be able to switch between NRZ, PAM4 and duobinary
modulation schemes

o A unified solution is discussed
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