High Speed SERDES Design with ADS
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What is SERDES ?

SERDES = SERIializer - DESerializer

= Used to transmit high speed I/O data over a serial link in 1/O interfaces

= SerDes TX: convert parallel data to series data and transmit to high speed link

» SerDes RX: receive data from serial link and deliver parallel data to next stage
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SERDES Link Introduction and Design Challenges
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Low BER performance (10e-12 or less) used to imply long simulations

Issues with interconnect models: limited frequency domains model leads to causal issue
Multiple crosstalk channels

Jitter modeling for TX &RX

Equalization in TX &RX
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Tx & Rx Equalizer

» Feed-forward-equalizer (FFE)

Vou (D) =V, () +a Vv, t-T)+a,V, t-2T) +---

« Continue-time-equalizer (CTE): pole-zero

H(s) = A2 =25)
(S_ pl)(s_ pl)"'

» Decision-Feedback-equalizer
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What is IBIS and AMI?

 IBIS is “Input/output Buffer Information Specification”
« AMI is “Algorithmic Modeling Interface”

* IBIS Open Forum added the AMI flow an alternate to the traditional (SPICE-

based) flow in IBIS version 5.0
* http://www.eda-stds.org/ibis/
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* IBIS-AMI Modeling:
« AMI model builders (typically IC vendors)
« AMI model users (both IC vendors and OEMS)
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Channel Simulator

* New Class of simulator to run FAST system analysis and display
results about how signals will travel through the system.

« Channel must be Linear Time Invariant (LTI) in all cases

- Allows fast techniques: Fﬁ—‘i ChannelSim

o convolution ChannelSim

o Superposition ChannelSim1
- EnforcePassivity=yes
o Statistical methods Mode=Statistical

« Tx and Rx can be NLTV In bit-by-bit mode

* Tx, Rx, and channel must also be LTI in statistical mode
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Channel Simulator Methodology

Impulse response is calculated using
a short, traditional transient simulation
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Statistical mode : Statistical techniques
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Industry Golden Tool for AMI Simulation and Channel Sim

INDUSTRY LEADING AMI SIMULATION BY ADS CHANNEL SIM

« Unique Treatment of Jitter Amplification in ADS ~ 56GpsNRZ - 26Gbaud PAM-4
- The Rao Method Pattern 1 ||(\ .‘ i i |,-" INEEREn
 PAM-4 Channel Simulation ] \JH‘ l/ |( l|‘. \ : (_( \\_\ j

United States Patent 7,962,541
Rao June 14,2011 LS NS S P
Optimization of spectrum extrapolation for causal impulse response calculation using | I
the hilbert transform - % 3 — sk
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A causal impulse response function is calculated from a truncated spectrum by extending the real part of
the spectrum beyond the truncation frequency and computing the imaginary part with the Hilbert
transform to enforce causality. The out of band extrapolation is optimized to reduce the discrepancy
between the computed and the original imaginary part in the in band frequency range so that the causal
mpulse response accurately represents the original spectrum. The technique can be applied to spectral
with the delay phase subtracted to enforce delay causality. The Hilbert transform may be employed to
maintain causality in S-parameter passivity violation correction. At frequencies where violation happens,
the S-parameter matrix is scaled down by the inverse of the magnitude of the largest eigenvalue.
Magnitudes at other frequencies are unchanged. An additional phase calculated by the magnitude phase
Hilbert transform is added to the scaled spectrum to maintain the causality.
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PCle Gen3 Example

o o
'BATCH SIMULATION | @vmz | |@| ChannelSim I 1 SN

o S Preset=4.0 P pre={0.0,0,0,0,-0:1,-0.125 -0.1.-0.125 -0:167,0} :
Badeheimd 4 4 e e s wiw wow CTLESBD Lo a0 W GERREL  s w U G ma|n={07508330808751090875070750833&75}

Var="CTLE" Start=0 Stop=6 Step=10Ln="- - - - * * ° ° ° * NumberOBits=1000 PORSHZ8Q167.9.2.01220.00.05-012.0029 .

Var="Preset" Start=0 Stop=100 Step—1 OLin=- - - - - . . . . .ToleranceMode=Auto. - - -@’AR

UseSweepPlan=yes. . - .+ .+ . . . . . . . . .EnfocePassimty=no . . . . Zeros | |

Analysis[1}="ChannelSim1”  Mode=Statisica = ze={-1.0024e9-0.8934€9,-0.7962e9-0709%e9.-0.6325€9,-0.5637€9 -0.5024e9}

UseSweepModule=no
SweepModule="CSV_List"
SweepArgument="CSV- list. csV"
UseSeparateProcess=yes .
MergeDatasets=yes. .
RemoveDatasets=yes

Eye Probe
Eye Probet

et 3« umbpor 4

TxDifft . = Chamnel =~ = = = RxDif

Tx_Diff2 |_0 Rx_Diff1

BitRates8Gbps - =~ ~ =~ °~ =~ = " ' ExcludéLoad=no’

Vhigh=1V: - - = - -+ - - = - EnableCTLE=yes
o e e Mow=44V. . « « + + « . . EnableFFE=no
e R:seFalmme-wpsec i I IARIC YOS

Mode=Maximal Length LFSR

ExciudeLoad=no

EQMode=S pecify FIR taps’
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Find Best TX&RX Equalizer Setup to Open EYE
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