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1. Introduction to JESD204 B/C

The problem with parallel interface

ADC FPGA

14 bits

1 14 + 1 clock

WYVVVVVY

x2 for differential signals

ADC

Resolution increase .
Board redesign

16 bits
/ 16 + 1 clock
1'2[;? 1'2[;? —> x2 for differential signals
Its Its
Number of — x4
converters 7 =>» 136 signals to route, with length/time
AD? AD(.: / \ constraints, and huge number of 10s in FPGA

16 bits 16 bits
N/ . .
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1. Introduction to JESD204 B/C

Move to Serial LVDS

ol | | f |
Data 0 DOn ) DOn+1
Data 1 D1in X D1n+1
Data 2 D2n ) D2n+1
Data 3 D3n ) D3n+1
Data 4 D4n X D4n+1
Data 5 D5n ) D5n+1
Data 6 D6n ) DBn+1
Data 7 D7n ) D7n+1

Reduce the number of lanes

Increase the data rate of the SLVDS buffer

@

Need an extra signal for the Frame indication

e L F L F 4 F & L F & & & & & L& L& L_F L_F 1

Data 77777777 Don_Y_Din_ ¥ _D2n Y D3n_ ¥ D4an ) D51 ) Dén ) D7n_ )\ DOn+1 X Din+1 ) D2n+1 ) D3n+1 ) D4n+1 ) D5n+1 ¥ D6n+1 ) D7n*1

Frame ﬁ /ﬁ
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1. Introduction to JESD204 B/C

Move to SERDES

Idea: reuse the bricks already available for the other standard (USB, SATA, Ethernet, etc)

008 |

e an [Pt [+{PSO Clock Data Recovery
PClc | Emp
Multi Lane alignement
Clck 8b/10b — 64b/66b encoding
Dwidors
Pre-emphasis/Equalizer

X PMa
e BIST (pattern Generator/checker)
Archdocture . .

Foem Chusnt Clock synchronization
Ao
|
o e Already available in FPGA from low range to high range
& |ore Ll e ling 3.12Gbps, 6.25Gbps, 11Gbps, 17Gbps, 24Gbps, 32 Gbps +
AX Sarkl FPGA Pamlal
Clock Clock
{FXUSRCLKZ)
N/ . .
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1.

Transport Layer

JESD204 layers Ethernet layers

_-~"| Parts of the MAC

Introduction to JESD204 B/C

.= e Alignment
o P PCS
Transport layef | == = FEC i i TRC >
Linklayer | _____-----""77" PMA
Physical layer ~ PMD

[ ] Notan Ethernet (sub)iayer MEDIUM

MAC = media access control CRC = cyclic redundancy check
PCS = physical coding sublayer PMA = physical medium attachment
FEC = forward error comrection ~ PMD = physical medium dependent
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Converter device, MxN bits, S samples per single converter per frame cycle

R&D Department

Converter0- —— - — ————— — — — — — — — — — Converter jf- — — — — — — — — — — Converter
M-1
| | | Sample | | | Sample | _ | Sample
Sample 0 Sample 1 51 Sample 0 S1 Sample 0- 51
Control bits appended to each sample (CF=0) or
mapped into CF separate control words (1<CF<L)
Word
Word0 — Word1 |- — - - - - - - - - - — - ———— — —— — — — — MxS+CF-1
— Words padded with tail bits to nibble —
N ! groups NG. Sample NGs contain N’ bits. i NG '
et e T 1L___ ____________________ MxS+CF-1 | _‘:I_r_
Octet Octet Octet Octet Octet
- - ——- niaa | F1 (Ot = i yer T T T T e E [T ] xF
Lane 0 ———— Lane j -—— Lane [-1




1.

Link Layer JESD204B/C

* 8b10b encoding
« Komma characters

* Inter Lane Alignement Sequence

Introduction to JESD204 B/C

¢ Scrambled data

* Sync header

Code User *  64b/66b 64b/80b
g,oup‘ K frames K frames 1 K frames 1 K frames data
sync [¥
"l g - 65 - ol -
0 12

I K28.3 lane alignment symbol I K28.5 SYNC comma

JESD204 link configuration data E K28.0 start of subsequence

« Block / Multiblock / Extended Multiblock format

65

[sH s0o [ s1 | s2 |

s6 | s7 |

@ Dx.y data symbol @ K28.4 start of link configuration data
RX elastic buffers GAB’,BBB or
Fixad offset batwoan e
N LMFC in RX and TX 4 N i N 64B/80B blocl
LMFC device /_R
RX Rx Elastic Buffer RBD A RBOD RBOD A i
characters |t characters characters | al 0 Iﬁl 1 ] ﬂ

Device| ‘Release Opportunity’

Earliest

Arrival I
Lane

Latest

Arrival [}
Lane

2-character slastic buffer dolay for latest arival

6-charscter elastic bidfer deiay for sarbast
Aligned
Output on all R o|D Do g.c
Lanes
Deterministic Delay

From Tx ILAS output to «
Rx ILAS output

No retransmission of error. Error detection available, Error correction possible (FEC/CRC)

N/ . .
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1. Introduction to JESD204 B/C

Physical Layer

CML interfaces

Eye diagram / return loss adjusted with data rate + transport channel length

Data interface }Iinimﬁm data | Maximum data
class rate (Gbps) rate (Gbps)
B-3 0.3125 3.125
B-6 0.3125 6.375
B-12 6.375 12.5
Category C 6.375 32
Company Confidential R&D Department



1. Introduction to JESD204 B/C

Devices synchronization

Data is sent over serdes lanes

Fixed Latency

e

M Data > Data /\f
The device
Device Clock Device Clock ClOCk ca ptu res
SYSREF SVeREF - SYSREF so
Device Clack Device Clock setup and hold
SYSREF SYSREF f must be met

Each device receives a Each device receives a
“device clock” “‘SYSREF” signal

Fixed Latency

T

Data

Company Confidential R&D Department



2. Use cases Example

« Example #1 JESD204B :

. 2 x Dual ADC 16 bits: TX serializer 2x2 Lanes
. 2 x Dual DAC 16 bits: RX deserializer 2x2 Lanes

*  Max Sampling Frequency : 208 MSPS
« Max DataRate: 4.16 Gbps

« Example #2 JESD204B
 Dual ADC 16 bits: TX serializer 4 lanes
*  Max Sampling Frequency : 500 MSPS
+ Max DataRate: 13.3 Gbps

JESD204

-
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2. Use cases Example

RX FPGA Implement ot R
m—RX Lanes 1 108_)

TX FPGA Implement

p

=AX|-Stream TX data—)

JESD204_RX
I-Stream RX datam=p
[ Descrambler ]—)[ Alignment Replace Data ]
JESD204_PHY
\\ Decode Lane
Agnment
l==RX Lanes 110 & ==
SyncB———»
GTX/ >
%‘Qy Reset_done
~
T ) .
ncommaaligr
| - JESD204_PHY
JESD204_TX '/f ‘\
>
>
[ Scrambler H Alignment GTX/
Xlanes 1to 8 GTH/ :
: palil e JESD204 Sariak=gp
ane
Alignment RPAT/JSPAT
Resel’—"'\\_ /

yncBiSysRef

N/ . .
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3. Validation overview

 Setup TX measurements :  Setup RX measurements:
. Tektronix DPO73304SX . Tektronix AWG70001B
. FPGA Xilinx . FPGA Xilinx
Oscilloscope Waveform Generator
JESTD + JEID - SPl—— JESlD + JELJ-D - SP——
| [ = A
Test Board FPGA Board «—Ethemet—s» Test Board FPGA Board |e—Ethemet—»
=2 =
N S
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3. Validation overview

+ Eye diagram measurements

* Test sequence:
Adjust PHY Serializer : «  Pattern used was JSPAT.

*  Pre-emphasis »  Oscilloscope was set to Eye diagram measurement.
(Tektronix DPO73304SX)

. De-emphasis

° Termination S00MV Y:Voltage Height1: Eye Diagram X:Time
. ®
. Voltage Drive -— P
_ e
. Current Drive
ov
0018 ; e
s &, : \ ~ - e —
JT¥_LANEL TERM_AD] | 0x00 80Chms - 04_TX_{UEcTr
-500mY ! !
-250) -150) -50) 50) 150,
ITX_LANEL_DRV_ADI | 0x00 450mvppd - i P o P i
Y:BER Width@BER1: Bathtub XUIls
IT¥_LANE1 PRE CURSOR_ADJ | 0x04 100mVppd - ©)]
+
IT¥_LANE1_POST_CURSOR_ADI | 0x07 175mvppd - 1E8
() ITX_LANE1_PWR () ITM_LANE1 FORCE_PHY RST
() IT%_LAME1_POL 1E10

05 -04 03 02 01 01 02 03 04 05

29008 200pe g 1009 Sps [ S0ps

o

NS
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3. Validation overview

BER TX measurements
 BER objective is < 1e-15
* Test was run for ~70 hours and no errors were detected.

Error Detector

PRES23_BIT_ERROR ___ | v |y
Bit Error Rate(BER): 0.00C
Bit Error Count:

Bits Tested:
DataRate:  4.16Gbis
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3. Validation overview

BER TX
» Configure AWG eye diagram for RX BER test

¥otuge et tye Do i

: Tektronix AWG70001B

Signal from AWG to DPO

Tektronix DPO73304SX

NS
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