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Introduction to the TTC-PON system TTC@N

o Current TTC (Timing, Trigger and Control)
o Unidirectional system
o 1:32 split ratio
o 1310nm
o 40Mb/s per channel
o Busy/throttle on a separate link
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Introduction to the TTC-PON system TTC PQON

o Introduction to PONs (Passive Optical Networks)
o Technology usedin FTTH
o Bidirectional
o Two wavelengths (1/direction)

o Downstream (OLT->ONU)

o High bandwidth g I & A
o Upstream (ONU->OLT) f -
o TDMA (shared bandwidth) Vs 4 A
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Introduction to the TTC-PON system TTCPQON

o TTC-PON system
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Introduction to the TTC-PON system TT

* OLT -ONUs
* Broadcast and continuous serial stream
* LHC Bunch Clock (BC) synchronous

(1577nm)
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Upstream @2.4 Gbps
(1270nm)

ONUs =>0LT

Time Domain Multiplexing between ONUs

Self arbitrated
Shared bandwidth, lower line rate

LHC Bunch Clock (BC) synchronous (BC
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Main figures of merit of TTC-PON

o System
o High Split ratio/Power Budget
o Low Level of customization
o Low sensitivity to temperature
o Downstream
o Fixed & Low Trigger latency

o High Bandwidth
o Low Clock jitter

o Upstream
o Low Busy latency
o High Dynamic range
o High Payload
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TTC-PON Project Evolution

uwv GPON st

2.6G, low- lafency down & wp,
ot of GPON stol (Unk layer and. hovdinore)

11.2¢G, low latency down,
line rate not optimal, out of EPON stol

1.2G, Furst bldiwrectional proof of concept; gl Latency
Very furst study, foeused on dowvstream potiv
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TTC-PON 2016 TTCPQN

1577nm > I ONU 1

9.6Gbps

KINTEX-7
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2.4Gbps
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Downstream Path
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Principle and Bandwidth

Performance

 Power Budget and split ratio

* Jitter map S
* Latency . 'K

PON-GBT bridge
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Downstream Protocol TTC PQON

* OLT -5ONUs

* Broadcast

e LHC Bunch Clock (BC) synchronous
* 9.6Gbps serial link

 8B10B encoded, K28(.1, .5) comma
* Full Payload: 24bytes (200bits) per BC including trigger and control.
* Slow Control field: 3 bytes

* User Data Field: 20 bytes (160 bits)

Bunch clock period (25ns) >

ot v Yo
10G PON-TTC G000 00000000000000000000000
< 24 bytes >
o 4 i
Current TTC
<«—— Channel A (Trigger field, 1 bit) > < Channel B (Control, 1 bit) ————»
< 2 bits >

08/03/2016 sophie.baron@cern.ch - ACES 2016 13



Downstream BER & Split Ratio

Bit-Error-Ratio (BER)

08/03/2016

107

108

10

10

-12

Downstream BER
T

-10 [

- SPEC

-28

-20

Target BER : 1012
Confidence Level: 0.95

TTCPON

Split Ratio & Power Budget

Upstream 1 splitters | 2 splitters Measured
Minimum Tx Power | 3.68 dBm | 3.68 dBm

(OMA)

Minimum Receiver | -19.2 dBm | -19.2 dBm

Sensitivity (OMA)

Power Budget 22.88 dB 22.88 dB

Splitters (1:64) -20.5dB -20.7 dB -20.5dB
Connectors -1dB -2dB

Fiber length -0.05 dB -0.05 dB

‘ A FEC could help gaining some margin
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Downstream Jitter Map —PON only  TTCPQON

- Phase Noise Analysis -
source_40MHz

-40 T T
——MMCM - source_40MHz / jitter=43.3873ps
——PONSI5338 - source_40MHz / jitter=24.996ps
—PONSI5345_200BW - source_40MHz / jitter=4.9499ps| |
! N
= S
240MHz" 8
& -100
[=]
4
]
(2]
©
T
-120
1577nm -140
9.6Gbps '/
f 1270nm i
160 il L Ll il Pl |
2.4Gbps 10° 10’ 10° 10 10* 10° 10° 107
PLL-Si5338 Frequency (Hz)

PLL-Si5345

...................................................
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Downstream lJitter Map — PON + GBT TTCPQON

240MH?

1577nm
9.6Gbps
v f 1270nm
2.4Gbps
PLL -Si5338
/ i GBT-FPGA “
PLL-Si5345
120MHz
120MHz
REFERENCE
120M Hz
gen -
CG635
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Downstream Jitter Ma

Elink clk ﬂlk !

4
v / 1270nm
2.4Gbps

/ Luomnz
| 120MHz —

REFERENCE
120MHz

gen-
CG635

- Phase Noise Analysis -

0o —PON + GBT TTCfPéN

- Phase Noise Analysis -
ELINKO

T T T T T L L e e

——GEN - ELINKO/ jitter=9.7918ps
—PONSI5338 - ELINKO/ jitter=28.308ps
—PONSI5345_200BW - ELINKO / jitter=8.4881ps

A 850nm
| 4.8Gbps

Phase Noise (dBc/Hz)
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=or 7 . J\_N,fw-« LY ) W‘Lv i
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Downstream Latency TTCPAON

* Fixed & deterministic

e 86ns (Active components only)

* Comparable to current TTC (even a
bit lower)

Barrel
* Might go down to 82ns o Decoder gy hier g

Downstream latency =A + B + C + D = 86ns
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PON-GBT bridge TTCPAN

...Firsts tests on a Kintex/...

/ e GBT-FPGA \
FPGA ‘ < ™\

e 84 blL GBT 40 bits GTX

A Checker RX RX
PO N _O N U (standard) | 120MHz
| GBT encoded data (4.8Gb/s)
40 bits

OLT downstream (9.6§b/s fl oTx 220 onNu hﬂs GBT GTX
‘ RX receiver Gearbox TX TX
\(Iatopt) 120MHz| /

—
240MHz 40MHz
\ ‘—’/ REFCLK
120M,

External

PLL

i

84 bits

Simple Data check for the moment. BER and fixed latency tests not yet done...
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Outline TTC@N

* PON for TTC: introduction and basics
 Downstream Path

e Upstream Path

e System Performance Overview

* Next steps
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Upstream Path TTCPQN

* Principle and Bursts composition
* Challenges
* Synchronizing all ONUs
 Recovering data burst by burst
* Fine alignment of bursts

e Performance | §ﬁ

* BER & Power Budget -
* Dynamic Range

* Temperature

* Latency
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Upstream Principle TTC@N

Time Domain Multiplexing...

\__ Il |

Gap Preamble Comma/Addr Payload

..automatically arbitrated
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Upstream Principle TTC@N
Dealing with short gaps and high dynamic range....

..........................................................................................................

ONU1
ONU1 ONU2
T Tt ONU2 : |
| QMTWM@=JW‘JW‘JWWM
|_| _| '_| Rx ResetT

..........................................................................................................

usmg a GPON standard feature

10G GPON specs:

* Minimum Gap: 25ns

 Minimum Reset Pulse Width: 25ns

* Maximum Setting time: 52ns (=minimum preamble length)
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Upstream Principle

Burst composition...

TTCPON

Comma

> Busy waiting time

/Addr Payload
« 25ns . ES.gns_ :.8.3n§ - 33.3ns .
Gap 25ns
Preamble 58.3ns
Comma+Addr 8.3ns
Payload 33.3ns (64b)*
Total Gap+Burst 125ns
Latency (64 onu’s) 64x125ns=8us
Average data-rate 8Mbps (64b/8us)

08/03/2016

sophie.baron@cern.ch - ACES 2016

*or 25ns if we decide to extend the preamble
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Upstream Challenges TTC@N

o Link synchronization

=> Clock recovery and re-use for transmit path (@ ONU
level)

o Phase changing between bursts — classical CDR is
not an option

=> Oversampling scheme (@ OLT RX level)

o TDM arbitration (token is automatically passed
between ONUs)

=> Requires a calibration procedure
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Upstream Challenges TTC@N

Link synchronization @ ONU ...
o Clock recovery and re-use for upstream

transmission

pL L]
m BARREL 2
1_- SHIFTER -J .

WORD
ALIGNER
A —

CPLL |

FRAME GEMN

PRBS
generator

Recovered 240MHz
240MHz = 40MHz = Aligned 40MHz

Clean 40MHz
40MHz = 120MHz aligned to 40MHz

S
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Upstream Challenges TTC@N
...Oversampling scheme @ OLT

onis |
Principle x4-oversampling
ONU TX@2.4Gbps
20 bits 0 1 0 1 1 X

80 bits olololola[ala]alolofofola]a]a]alolo]olol.].T.T.T.T.7.1.

<
>
=<
>

OLT RX@9.6Gbps x4 oversampling
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Upstream Challenges TTCPQN
Oversampling scheme @ OLT...

Architecture BlindOverSampler (BOS)

DDDDDD

*
Data In Dﬂwn'
m: sample

Cnmzﬁ

Blind Oversampler ‘ e

uuuuuuuu
/ = Word Aligner #4 /
Mrata_validd4 . _| aaaaaaaaaaa
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Upstream Challenges TTC@N
TDM arbitration & Calibration...

e

|
Have this

oLT_Rx AN A AR

Avoid this

Using specific a common t0 reference + a fine calibration procedure
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Upstream Performance

BER & Power Budget

...1:64 with a lot of margin

Upstream BBER - ONU2

——SPEC
102} ——Measured ONU1| -

104

10°F

Bit-Error-Ratio (BER)

L I LW L] ' L
-30 -28  -26 -24 22 -20  -18 -16
OMA (dBm)

08/03/2016

Bit-Error-Ratio (BER)

Upstream BBER - ONU2

—=—SPEC

—*—Measured ONU2, |

TTCP

Upstream 1 Splitter 2 Splitters Measured
Minimum Tx | 2.79 dBm 2.79 dBm

Power

Minimum -22 dBm -22 dBm -24 dBm
Receiver

Sensitivity

Power 24.79 dB 24.79 dB

Budget

Splitters -20.5 dB -20.7 dB -20.5
(1:64)

Connectors -1dB -2dB -2

Fiber length | -0.05 -0.05 dB 0

-26  -24 22 -20 -

OMA (dBm)

sophie.baron@cern.ch - ACES 2016
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Upstream Performance

Dynamic Range...

...no penalty up to 12dB !!

ut onu2
T T T 10" g T T T
—#— SOFT - DR=0dB
—%— LOUD - DR=0dB —%— SO
—— L - DR=3dB —#— SO =6,
~—#-— LOUD - DR=6dB —%— S0l =8
o —— | - DR=9d8 102 —%— S0l 2d|
—#— LOUD - DR=1248
107% 102
10 104
B o5 E o
g 1w g
o o
£ =
] 0
& &
g g
w w
< 0% Yook
(2] m £
107 107
10® 10®
107 10?
10-1!} 10-10
-30 22 -20 -18 -16 -30 22 -20

-24 E -24 B
OMA, (dBm) OMA (dBm)
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Upstream TTCPAON

Latency...

Bounded Latency: 200+8ns
(depending on the phase)
(Active components only)

Blind

What really matters: | e
Waiting time of 8us per ONU
(for 64 ONUs) D C

Upstream latency =A + B+ C+ D = 200 +8ns
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System Performance Overview TTCPQN

Central/Local < :
Trigger ¢ B 1tie
! £ <1: A\
\ Sy —— o V s &
System S SN
° : —a e =
. - t
o Fully scalable & flexible x. g_‘:,
. . . 1818 [ g

o Split ratio: 1:64 maximum '
]
]

1270 nm
G Counting Room

o Dynamic Range: 12 dB (!) e

o Immune to temperature variations
o Downstream:

o Bunch Clock Synchronous

o 9.6Gbps, 6.4Gbps User Bandwidth maximum

o Latency: ~¥86ns, no additional Jitter (using an external PLL)
o Upstream

o Bunch Clock Synchronous

o 2.4Gbps, bandwidth shared between max 64 ONUs

o Waiting Time per ONU: Nx125ns, with N<=64. 8us for 64, 4us for 32.

o Payload: 64 bits per ONU every cycle of Nx125ns.

Detectors

08/03/2016 sophie.baron@cern.ch - ACES 2016 34



System Performance Overview TTC@N

Resource & Costing...

o Resources (of a middle range Kintex 7):
o OLT =~ 1% Slices LUT
o ONU =~0.5% Slices LUT

More details in spare slide

o Cost

o SFP+ OLT: 965 USD
o XFP+ OLT: 1075 USD
o SFP+ ONU: 258 USD
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Next steps for TTC-PON TTCPQN

o Finalise our prototype
o Improve calibration procedure
o Finalise Protocol

o Validate the PON-GBT bridge and the fixed & deterministic latency down to the GBTx
o Based on Kintex 7
o Qualify the Si5344 PLL

o Propose packaged IPs for both OLT and ONU and a reference design
o TTC-PON FMC under test

o Diversify our sources for PON device

o Phase 1 (LS2): targeting ALICE & LHCb upgrades (Arria 10)
o TTC PON under evaluation by ALICE for Phase-I upgrades
o On going tests with the PCle40 — close collaboration with LHCb and ALICE
o Prepare production (device procurement)

o Phase 2 (LS3): proposal for ATLAS & CMS upgrades
o Burst Mode CDR in Kintex Ultrascale

o New PON standards evaluation :
o Symmetrical 10G GPON?
o Higher power OLTs?
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T1EPON

THANK YOU
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Optical Modulation
Extinction Ratio

OMA=P - P,

P =P +%0M4=2PAVG

08/03/2016

Amplitude &
P TTC PQN
P+ P P,
PAVG =% rg =?;
B ~ ER+1
AVP=101g(P, )=101g(OMA)+ 101g[2(ER_1)]
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Upstream Challenges

Oversampling scheme @ OLT...

08/03/2016 sophie.baron@cemieh - ACES 2016
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Upstream Challenges TTCPQN
Oversampling scheme @ OLT...

Architecture BlindOverSampler (BOS)

DDDDDD

*
Data In Dﬂwn'
m: sample

Cnmzﬁ

Blind Oversampler ‘ e

uuuuuuuu
/ = Word Aligner #4 /
Mrata_validd4 . _| aaaaaaaaaaa
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Upstream Challenges TTCPQN

TDM arbitration & Calibratio-n..f

Suppose that we have a 7 time units burst length (6 u. burst + 1u. gap)

From OLT - broadcast a reset signal (K28.1) every T units (T=n_onu * burst_length; Here T=21u.)

OLT_TX ,—\ —
ONU1_RX  °ntr [o TRNSRNESNANNENeN 7 [ s [ o [wo[u[][ulis[w[w[1s[1v920]0 [7 [ 5]
rst / \ / \

onuzRx 0Tzl AT o] I | [ s [ 5 5 [ [ o 512 5 a5 s 7 I

rst /7 \ /—\

ONU3_RXx °ntr [o[aT>Ts[a[se[7[s[ofrw0o]ulnl[nln el eTeoT ol 1[>]s[a[s]e[7[s]

rst / \ / \

oLT_Rx AN A AR

*arbitrary units for 6u. 1u.
illustration
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Calibration Concept TTC PON

*Principle o

The procedure is arbitrated by the master (OLT)
OLT measures the roundtrip time for each ONU:

OLT sends a command: ONU_x enters in calibration_mode / all the others disable transmission
When a onu is in calibration_mode, it sends data in a continuous way and acts as a comma-

mirror
roundtrip_onul

K28.5
[ &
OLT_K28.1 /—\ /—\

ONU_x offset is compensated depending in the measured roundtrip
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Calibration Concept TTC PN

*First proof-of-concept implemented (+- 2.1ns)

M_’

*First validation ]

’ ' _ ____________;_______ T ‘hm

6 - 1

—— BEFORE CALIBRATION
—%— AFTER CALIBRATION
5r IDEAL POSITION
------------- 2,085 Limils

— : ~

i Aideal position (ns)

A Ideal Position (ns)
M3
T
|

49 50 51 52 53 54 55 56 57 58
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TTCPON

Calibration Concept
*Roundtrip measurement

coarse-counter (resolution 8.33 ns)
Counter that counts the time difference between the transmitted K28.1 and the received K28.1

word_aligner position (resolution 417 ps)
Linear relation (mod 8.33ns) between word aligner position and latency

Delimiter
Data. x x X X © 0 1 1 1 1 1 0 0 1 X X X X X X
Pos [19]18]17]16 151413121110 o[ s |7 B s[a[3[2]1]0]
+3x417 ps
Delimiter
Data  x 9 ©0 1 1 1 1 1 0 0 1 X X X X X X X x x
Pos [19]18[17]16[15]1aJ13[12 [ o B e[ 7 [ 6 [ 5[]a[3][2]1]0]

*We even have a more fine step resolution which relies on which BOS-phase (P1-P4) is selected
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TTC PON 2014 vs 2016 TTCE
| Gveey | vl _

Gap+Preamble 16.6ns 83.3 ns (datasheet =77.2ns)
Comma+Addr 8.3ns 8.3ns
Payload 8.3ns (16b) 33.3ns (64b)
Latency (64 onu’s) 2.1us 8us
Average data-rate 7.6Mbps (16b/2.1us) 8Mbps (64b/8us)
APC Modified Normal (Er=5.4dB)
Dynamic Range ~1.0dB No penalty for 6dB spec
Temperature Huge impact from 45°C Tested up to 55°C — no impact
Split Ratio 1:64 1:64

08/03/2016 sophie.baron@cern.ch - ACES 2016
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OLT and ONU resource utilisation TTC PON

N;; SkelUTs  SkeRegsters F7Muxes F8Muxes  Ske  LUTaslogc  LWUTasMemory  LUTFipFlopPars  BlokRAMTie  DSPs
(203300) (<07600) (101500) (S0950) (50950) (203800) (64000) (203300) (445) (840)

-1

S Shice LUTs ShceRegisters . F7Muxes  F38 Muxes Shce LUT as Logk LUT as Memory LUT Flip Flop Pars BlockRAMTie  DSPs
(203800) (407600) (101500) (50950) (S0550) (203300) (64000) (203800) (445) {840)

@ |l pon_onu_axi_ip_0 (syst. . 1164 1568 58 16 611 119 15 1207 0 3
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