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Tomorrow never waits

FEC Applications for 25Gb/s Serial Link Systems
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Introduction

100 Gigabit Ethernet will account for over half of all bandwidth deployed in
carrier network in 2014 , growing rapidly through 2018.

4 Data Rate ( Gb/s)

[ 56Gb/s }

[ 25Gb/s } IEEE802.3bs/OIF CEl 56G

IEEE802.3bj/OIF CEI 25G

[ 12.5Gb/s ]

[ 10Gb/s }
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Introduction

Besides equalization techniques , some new techniques have been used for
SerDes systems in order to meet 100GE- 400GE specs.

Higher Data Rate: 25Gb/s to 56Gb/s

100GE > 400GE

Equalization: Forward Error Correction: FEC
De-emphasis+CTLE+DFE Fanny Modulation: NRZ or PAM4

. © ZTE Corporation. All rights reserved Z I E



Introduction

The Forward Error Correction (FEC) has been used for Increasing serial
link system budgets and relaxing BER requirements.

BER Iimprovement of KP4 FEC

s P, =0.001 very light eeror propagation I :

| w— P, =0.2 medium error propagation

® Code Gain

Gain vs Higher Frequency

® Time

w P, =0.5 heavy ermor propagation

Output BER

Serial Link Latency
® Complexity

Area and Power
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FEC Applications to Serial Link System

FEC Applications on the 100GE standard of IEEE802.3Dbj

03l
REFERENCE
MODEL
LAYERS

APPLICATION

PRESENTATION

SESSION

TRANSPORT

NETWORK

DATA LINK

PHYSICAL

AN = AUTO-NEGOTIATION
CGMII = 100 GIGABIT MEDIA INDEPENDENT INTERFACE

LAN
CSMAICD
LAYERS

HIGHER LAYERS

LLC OR OTHER MAC CLIENT

MAC CONTROL (OPTIONAL)

MAC
RECONCILIATION
XLGMIl —p CEMI —p
40GBASER | | 100GBASER
PCS PCS
FECT | RSFEC
})—
PMA T A
PMD PMD
AN ) AN
MDI—» MDI—»
MEDIUM MEDIUM
- _—_ L -

—_—

40GBASE-KR4

FEC = FORWARD ERROR CORRECTION
LLC = LOGICAL LINK CONTROL

MAC = MEDIA ACCESS CONTROL

MDI = MEDIUM DEPENDENT INTERFACE
PCS =PHYSICAL CODING SUBLAYER

100GBASE-KR4
100GBASE-KP4

PHY = PHYSICAL LAYER DEVICE

PMA = PHYSICAL MEDIUM ATTACHMENT
PMD = PHYSICAL MEDIUM DEPENDENT

RS-FEC = REED-SOLOMON FEC

XLGMII = 40 GIGABIT MEDIA INDEPENDENT INTERFACE

NOTE 1—OPTIONAL

© ZTE Corporation. All rights reserved

Backplane System —100GBASE-KR4
FEC block is placed between PCS and
PMA

Reed-Solomon Code is suggested ,
defined in clause 91

RS(528,514,7) — about 5dB gain
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FEC Applications to Serial Link System

-
Source Channel
[ Source H Coding }%L Coding } [Modulator
Y,

noise ——

Channel }

~
Destination Sourge Chanr)el Demodulator
Decoding Decoding
Y,

Recently adopted FEC

® Fire Code (1604, 1584) - OIF CEI-P

® QC Code (2112,2080) — 10GBASE-KR

® RS (528,514,7) over GF(210) — 100GBASE-KR4
® RS (544,514,15) over GF(210) — 100GBASE-KP4
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FEC Applications to Serial Link System

FEC Encoding & Decoding diagram

fec_ena
parity_vid »
( tx_data_fire )
fec_mode_sel o » | Fire Encoder Scrambling | ——oy
= - fire_code data
=)
=]
£ tx_data
pes_fec_data_vid
—| B MUX | Channel
(=]
L5
w
pecs_fec_data E
——- = s0b tx data rs
F
— transcode_data —_
FEC Encode function diagram
S fire_fec_data_sob .
>
] Fire Decoder Correction fire_fec_data
fire_fec data_vid -
fifo_rd_ena 4 % fec_pcs_data_vid
Code align_state -rdata '§ =
Channel mdats S align_data_sob £
yn ign_data =
block align_data_vld ~—
align_data % fec_pcs_data
] —
fifo_rd_epa 1ﬁfu_rdata 3 _.‘
@ rs_fec_data_vld E E
RS Decoder Correction rs_fec_data = o
-/ —~ —

FEC Decode function diagram
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FEC Simulations for 25Gb/s SerDes System

Simulation Setup :

Data rate:25.78125Gb/s
BER:~1e-15

Pattern : PRBS 31
Number of bits: 1million

[>= ] L Il >
I —
| et .= 7 e |
L L ' | | ad —'_-D—
D | =
= —— e e = e — <
- . - ;
> =T L - =
b ' >
x Do Package_TX Channel Package_RX -
Serdes_TX including Serdes RX
Including Backplane®™1; Including
Pattern Daughter Card*2; C'I'LE'DFEg'
prbs31;FEC; Connector®2 FEC;J... ,
FFE ... Channel length:30inch
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FEC Simulations for 25Gb/s SerDes System

m4 m2
0 0 —
N B |
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Worst -28.1 -15.83 -48.59
1 e P e DA S S i ﬁi'.'ﬁ.f.'i‘;§_,..§?.?fﬁ B e o ORISR

40



FEC Simulations for 25Gb/s SerDes System

Comparison between with and without FEC

T ominalcase | wostcase |

AtBER

Nle-12
Nle-15
Ne-17
Ne-12
Nle-15
Ne-17

Width/*UlI Height/mV Width/%* Ul Height/mV
16.2% 23.1 4.51% 5.39
12.2% 17.4 0.07% 0.00
9.92% 14.2 0.00% 0.00
42.5% 57.0 42.2% 48.6
40.6% 54.8 40.2% 46.4
39.5% 53.4 38.9% 45.1

Condition

With emphasis/DFE ;
Without FEC

With emphasis/DFE ;
With FEC

Eye diagram at the BER of 1e-12 of the channel simulation can not meet the
requirement of 100GE Standard without FEC.
Crosstalk must be concerned in the channel simulation.

i © ZTE Corporation. All rights reserved
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FEC Simulations for 25Gb/s SerDes System

Comparison between with and without FEC

T ominalcase | wostcase |

AtBER
Nle-5
Nle-6
Nle-7
Nle-12
Ne-15
Nle-17

Width/*Ul Height/mV Width/%* Ul Height/mV
33.5% 63.6 32.6% 54.6
29.1% 62.4 23.2% 53.5
25.9% 61.4 17.1% 52.6
42.5% 57.0 42.2% 48.6
40.6% 54.8 40.2% 46.4
39.5% 53.4 38.9% 45.1

Condition

With emphasis/DFE ;
Without FEC;

With emphasis/DFE ;
With FEC;

Eye diagram at the BER of 1e-15 of the channel simulation can meet the
requirement of 100GE Standard with FEC, while relaxing the BER requirement
from 1le-15to 1le-5 or le-6.

i © ZTE Corporation. All rights reserved
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A New Proposal for FEC Modeling and Simulation

Current Situation:
® |BIS-AMI model

(my AMIname | Header,such as AMI version ..
- | Function such as, EetWave_Exists
(Reserved Parameters | Modulation such as, NRZ, PAMZ ..
B | Jitter such as, Dj ..
| Repeater ..

® EDA Tool
FEC blocks are not supported in IBIS-AMI model nor in EDA tool
® System Simulation

Uses the same Serdes IP on the TX and RX end supported by the IC Vendor
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A New Proposal for FEC Modeling and Simulation

IBIS-AMI Model

[ TX Model

1 ( w ]
LFECJ

l

[ EDA Tool Vendor }

RX Model }

System vendors strongly expect that IBIS-AMI models can be used
for FEC simulations.

17 © ZTE Corporation. All rights reserved 2 | E



A New Proposal for FEC Modeling and Simulation

TX Model (New RX Model (New
Reserved Parameters) Reserved Parameters)

r ? T

|

EDA Tool Vendor (FEC
Standards ,FEC Settings)
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A New Proposal for FEC Modeling and Simulation

[Reserved Parameters] / [Model Specific] = tx fec /rx_fec ?

On the transmit end
Add the branch ‘tx fec’ into Model Specific, then add parameters, config

min/typ/max, mode on/off, such as
(Model Specific

(tx fec
(config (Usage In) (List "min" "typ" "max") (Type String)

(Default "typ") (Description "enable fec function setting"))
(mode (Usage In) (Format List "on" "off") (Type String)
(Default "off") (Description "fec control mode"))

On the receiver end,
Add the branch ‘rx fec’ into Model Specific, then add the same parameters

to respond the tx configuration, such as
(Model Specific

(rx fec
(config (Usage In) (List "min" "typ" "max") (Type String)

(Default "typ") (Description "enable fec function setting"))
(mode (Usage In) (Format List "on" "off") (Type String)
(Default "off") (Description "fec control mode"))

© ZTE Corporation. All rights reserved 2 | I
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Summary

21

FEC can be used for many dispersion and noise limited systems, such
as high-speed serial link systems in order to meet 100GE- 400GE specs.
FEC relaxes PHY BER requirement from 1e-15 to 1e-06 for serial link
systems.

FEC is one of critical techniques for 25-56Gb/s SerDes systems and
IBIS-AMI model is an efficient solution for complex 10 modeling.

System vendors strongly expect that IBIS-AMI models can be used for
FEC simulations.

“One model, one platform, one simulator” needed for both passive and
active components, such as FFE, DFE, FEC ...
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