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A TTC upgrade proposal usin
bidirectional IOGIR T Ttéchnology

A PON Passive Optical Network

A FTTHFiberTo The Home

A Singlefiber

A 2 directions

A 2 wavelengths (1/direction)

A Downstream direction (OBTONUS)
A High bandwidth

oLT | | 1:N | ONU #2

A Upstream directiofDNU#\, OL)
A TDMA

ONU #1 |
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A Shared bandwidth _ _— e
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AT T@pgrade proposal using
bldlrectlonal IPGN FTtéehnology
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AT T@pgrade proposal using
bidirectional IOGIR T Ttéchnology
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The 1L0G.-PlN:demonstrator

Overview

Downstream @11.2 Gbps
(1577nm)

Wideband

Upstream @2.8 Gbps

(1270nm)
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Downstream path

ABroadcast
ALHOBunchClock(BC)}synchronous
A11.2Gbps seridink

A8b/10bencoded K28.5 comma
APayload 216bits (27bytes) per BC
ALatency 75ns (Comparable twurrent TTC)

Bunch clol;k I

1BC =25

Current T';C |

Channel A (Trigger field, 1 bit) 2 bits Channel B (Control, 1 bit)
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Upstream::Customizing the:kTiTH

Principle

Protocol TDMA
Hardware PON Specific ASIC
DownstreamUpstream clocking | Asynchronous
Tokenpassedd € X OLT
Burstrecovery/alignment CDR
DynamicRange >25dB
Guard Time 500ns
Training Time 500ns
Payload Data 3-5>s
Waiting Time for 128 ONUs (Busy ~0,8ms
.t R R AT R AR AR R IR
4 6 us B

)
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Upstream::Customizing the:kTiTH

Framing: FTTX

Protocol TDMA
Hardware PON Specific ASIC
DownstreamUpstream clocking | Asynchronous

Tokenpassedd € X OLT
Burstrecovery/alignment CDR
DynamicRange >25dB
Guard Time 500ns
Training Time 500ns
Payload Data 3-5>s

Waiting Time for 128 ONUs (Busy| ~0,8ms

< ONU1 > < ONU2

v

A

6 us
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Upstream::Customizing the:kTiTH

PrinCiple Framing;

FTTX TTCPON
Protocol TDMA TDMA
Hardware PON Specific ASI(J FPGAs
DownstreamiUpstream clocking | Asynchronous Synchronous
Tokenpassed € X OLT ONUs
Burstrecovery/alignment CDR Oversampling
DynamicRange >25dB
Guard Time 500ns
Training Time 500ns
Payload Data 3-5>s
Waiting Time for 128 ONUs (Busy ~0,8ms

Upstream traffic

ONU2

ONU1

%
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Upstream::Customizing the:kTiTH

P”nC|p|e Framing: FTTX TTCPON
Protocol TDMA TDMA
Hardware PON Specific ASI(J FPGAs
DownstreamiUpstream clocking | Asynchronous Synchronous
Tokenpassedd € X OLT ONUs
Burstrecovery/alignment CDR Oversampling
DynamicRange >25dB Small (<6dB)
Guard Time 500ns
Training Time 500ns
Payload Data 3-5>s
Waiting Time for 128 ONUs (Busy ~0,8ms

Upstream traffic

<+ ONUL ONU2
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Upstream::Customizing the:khiH .

PrlnCIple Framing: FTTX TTCPON
Protocol TDMA TDMA
Hardware PON Specific ASI(J FPGAs
DownstreamiUpstream clocking | Asynchronous Synchronous
Tokenpassedd € X OLT ONUs
Burstrecovery/alignment CDR Oversampling
DynamicRange >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns
Payload Data 3-5>s
Waiting Time for 128 ONUs (Busy ~0,8ms

Upstream traffic

ONU1 > < ONU2 >4 ONU3————————-
an

Al i
r
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Upstream::Customizing the:khiH .

PrlnCIple Framing: FTTX TTCPON
Protocol TDMA TDMA
Hardware PON Specific ASI(J FPGAs
DownstreamiUpstream clocking | Asynchronous Synchronous
Tokenpassed € X OLT ONUs
Burstrecovery/alignment CDR Oversampling
DynamicRange >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5>s
Waiting Time for 128 ONUs (Busy ~0,8ms

Upstream traffic

ONU1 > < ONU2 > < ONU3

16
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Upstream::Customizing the:kTTH

P”nC|p|e Framing: FTTX TTCPON
Protocol TDMA TDMA
Hardware PON Specific ASI(J FPGAs
DownstreamiUpstream clocking | Asynchronous Synchronous
Tokenpassed € X OLT ONUs
Burstrecovery/alignment CDR Oversampling
DynamicRange >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5>s 7,14ns (2Bytes)
Waiting Time for 128 ONUs (Busy ~0,8ms

Upstream traffic

ONU1 ONU2 ONU3 ONU4 ONU5 ONU6

MMWMMMWMWMWM

< 25 ns >

CE/RW
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Upstream::Customizing the:kTTH

PrlnCIple Framing: FTTX TTCPON
Protocol TDMA TDMA
Hardware PON Specific ASI(J FPGAs
DownstreamiUpstream clocking | Asynchronous Synchronous
Tokenpassed € X OLT ONUs
Burstrecovery/alignment CDR Oversampling
DynamicRange >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5>s 7,14ns (2Bytes)
Waiting Time for 128 ONUSs (Bus_

Upstream traffic

ONU1 ONU2 ONU3 ONU4 ONU5 ONU6

LD CLF IALI L T

< 25 ns >

o | &= 18
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Upstream::Customizing the:kTTH

PrlnCIple Framing: FTTX TTCPON
Protocol TDMA TDMA
Hardware PON Specific ASI(J FPGAs
DownstreamiUpstream clocking | Asynchronous Synchronous
Tokenpassed € X OLT ONUs
Burstrecovery/alignment CDR Oversampling
DynamicRange >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5>s 7,14ns (2Bytes)
Waiting Time for 128 ONUSs (Bus_

Upstream traffic

ONU1 ONU2 ONU3 ONU4 ONU5 ONU6

LD CLF IALI L T

< 25 ns >

o | &= :
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Upstream::Customizing the:kTiTH

ALink Synchronization
I Clockrecovery
I Reusdor Upstreampath
A Calibration
I Responsdéime measurement
I Transmission timadjustment
AVeryfastfine phase alignement
I Changindor eachONU
i No CDR
I BlindOversamplinggcheme

20



Upstream::Customizing the:kTiTH

A CDR not working with short bursts

A Exploitation of Downstream/Upstream
synchronization

A Blindly Oversample x4

ONU TX@2.8Gbps
20 bits 0 1 0 1 0

COLLVELELERE VL

80 bits ofofoJofa]alalaJoloJofoJa]22]2lo]o]o]o0

< OLT RX@11.2Gbps

x4 oversampling
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Upstream::Customizing the:EhiTH .
Very fastfine: pralgmment

- 80 bits >
oooli1111000011110/0/00 . . . . . . o000
oojoi111000011110000 . . . - .. . 000
oo@@@i11000011110000 . . . .. .. 000
ooolojl1l1l11 000011110000 . . . . . . oolo

Data 20
- ™ Edge oooooooooooooooooomoo =x'5ss5s” L/ p

=1 .
Data 20
- ™ Edge oooooooooooooooooooo‘ =x's5555" L/ »
=1

'Data 20

p—— 1
- Edge 1/1[1/1(1/1(1(1[1/2(2(2[2[2][2[2[2]2/1]1 =x'00000" L/ o
=0

: Data [1]0]1/0/1]0[1][0/1]0]1]0]1]0[1]0[1]/0]1]0 2
™Edge 000000 00000/0/00/0/00000 =xanaan’ L/ p

o
o) | &~

~7
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Upstream::Customizing the:khiH .

Veryfastfine:phaigmgment

Data
Edge

Data
Edge

Data
Edge

Data
Edge

)
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0ooo0000O00O0O0O0OO0OO0O00O0fO

= x"55555" |7L,

»
-

Data_in Data_out

20

0/0/0/0/0/0/0/0/0|0|0|0/0/0/0|O|O|O[O|O

= X"55555" |7L,

=1

»

Ll

20

1/1/1/1/1f1/1/1|1)1f1/1/1|1|1/1/1/1 /1|1

=x"00000" |+,

=0

»

-

20

= x"AAAAA" |7L.

»
-

Word Aligner #1 //
EN
Frame
Data_in Data_out 20
Word Aligner #2 7L
EN
Data_in Data_out 20
Word Aligner #3 //
EN
Data_in Data_out 20
Word Aligner #4 //

EN
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Upstream::Customizing the:kTTH
Veryfastfine:phaigmgment

- 80 bits >
ooei1111000011110000 . . . .. .. 000
oojoi111000011110000 . . . - .. . 000
oo@@@i11000011110000 . . . .. .. 000
ooolojl1l1l11 000011110000 . . . . . . oolo

» Data 2
- Edge [0/0/0/0(0[0[0/0/0]0[0[0[0[0[0[0[0[0]0]0 =w55555" L/ wfonn o 20

‘Word Aligner #1
=1 & 7

! N

Frame

Edge 0/0/0/0/0/0[0/0[0[0]0j0[0[0[0[0[0[0[0]0 =xrsssss Lo 72
Word Aligner #2
=1 '
! v _ 20
Data 20 Data out
— — " -
- Edge (1/1/1/1(1(1/1[1/1/1/1/1[2[2|1[2[1]2]1]1 =x00000" L/ pforis o 2
=0 Word Aligner #3 7
Comma

Frame

: Data [1]0[1[0[1]0[1[0[1]0[1[0[1]0[1[0[1]0[1[0 2
Edge [0/0(0/0/0/0[0/0[00/0[0[0[0[0[0[0[00]0 e I
=1 Word Aligner #4 7

—
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ResultsyWpstream

OLT output

<— 22ns ——> o

95% stable operation!

Burst Bit-Error-Ratio (BBER)
5 © o o

Y
o,

107" ‘ I £
v- -34 -32 30 28 26 24
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ResultsyUpstream

OLT output

E% 22I’]S —éi 10°

p: dzyadl ot S 2 LIS GA RN
A Phase not always detected and/cm "

NS

A not correctly chosen
@) | A
b A _34 2 powerBudget (dB) 2
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ResultsyUpstream

Still5% ofunstablecases.

Possible solutions:
A Differentinitialisation
orocedure,
A Precisecalibration
procedure,
A Logictweaking \ |
A PHY tweaking WA [V
A Higheroversampling rate . LIS | T



Resultsrbownstream

ONU output

K 1-FE CA BF B EE Dz 3C A- 83 C0 43 9

10ns 10" 7 T ! ! ! !
I 1071 B : ‘ """""" -e-ONU1. =
-5~ ONU2
1072 b R == ONU3 |-
PR N S e -
Typical continuous serial stream @11.2Gbps  §°.[ = 8 ]
Power Budget: ~25dB 1:128 splitting ratio 0" [ T .
E1o’ | \1\7 """""""""" =
510—8 —L ------------- A , ----------- ‘.\JT\‘ --------------- -
“'[" Downstream §
10 [Frrm T N S
- wrfopath ]
CE?@/ A Lo 0 R
\ v- 10 34 32 -30 -28 26 24
>~ YEARS /ANS CERN Power BUdget (dB)



Conclusions

At NP LI2AaSR dzLJANI RS 2F (¢

A Major improvements over the current system:
I Low & deterministic latency
I High quality recovered clock
I High capacity
A Upstream path introduced
A Scalability + dynamic Software partitioning ability

A Backwards compatible (TTC only, not
busy/throttle link)
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Whtantxio s next

A ReachHl00% of good BERots

A Reducdurther the gap and training
hattern

A Properlycharacterize

A Go on thefield!

I Feasiblilitystudyfor LHCH.S2Aposter session
Federicd f S apisted) Qa
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To  To Do Do Do o I»
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BACKUPISLIDES
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Separated clock domains

Clock Region: X0Y0

ONU3

ONU2

ONU1

OLT

REGION




Datarateelection

ONU output
@8Gbps

ONU output
@6.4Gbps

NOT SUPPORTED
BY FPGA
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Possiblephases/of A0MHz

280MHz

40MHz
0°

40MHz
51.428°

40MHz
102.857°

40MHz
154.285°

40MHz
205.714°

40MHz
257.142°

40MHz
r-4
\/— 36
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0

Upstrearh:Customizing the:FTTH :

Li'rrhls\whﬂhmm"m tionr(Externally)
Il

BARREL 8B10B
1 2o #—~ SHIFTER ™5 DECODER ==X GEA'?BOX R—

WORD
7 ALIGNER

CPLL

FRAME PHASE
GENERATOR MONITOR

280MHz

40MHz
Low Jitter

37
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Upstream:Customizing the:FTTH :
Link:synchronization(internally)

¢ TX@28G | PISO -

20bit @ 140MHz

Pl =

REFCLK
140MHz j>_ QPLL

RXUSRCLK (280MHz)

_RX@1126,, DR SIPO
RXDATA

40bit @ 280MHz

L g—SUIDE (PMA) To RX logic >
&N | &
\\_/ VHDL desigr€sabaSo0s 38
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Why calbration:ismeeded (1/3

39
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Whycalibration:isneeded

(2/3

1BC (25ns)

X

1BC (25ns)
21.43ns 33.57ns»

N

N

Comma !} ONU
K28.1 i Address

Training pattern

Payload (2 bytes) ;Short gap s
(0X5555) ' '

' between !

itwo bursts}
L] L]
] [ ]

o
=
=
N
o
(%}

y orK28.7

-

v

o

1BC (25ns) ¥ 1BC (25ns)
21.43ns

N

: H : H
' . : :
E Training pattern E Comma E ONU E
: (0x5555) ! K28.1 ! Address 1
H ' ork285 '
E ' orK28.7 ¢ !

'
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Why cahbration:ismeeded (3/3)




0

DownstreameLatency

A B

FRAME
GENERATOR

8B10B
ENCODER

Barrel

Shifter GTX

-l e

Decoder

D C

Downstream latency =A+ B+ C + D = 73ns
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BlindDversamptessting

rrfm!mf'ﬁ W‘nwm-,y‘."‘*gfwfwf’rfj!f"*‘"”"‘*"""" (0P WUN(‘Hf(f*’”‘"”"**’"""“"" guruﬂﬂﬁyuﬁ‘* i guwun!‘u M wmrw ([N ;mwmf‘g"ff”“”“”""“'““ mmrm"‘wuf’”‘”"“"*‘"“*“‘

i}

,,NH\IN\ "thw“Mm\\.awl\\\ﬂ Mll\w\.».»mm‘ﬁ\ill\\\\ N\i‘luv«w‘w«.wu‘w‘l‘l \W“M NWmew‘ll\\\i‘\“& "\\\\%‘uh&,mwmm\ll\ ""WWMM‘W“\M _,\NNIW ‘liW\\wM; m.&h‘]mmm i\\‘nm\wwwm\\\\l\\\\\ "w S Wy

O bits 10 bits 20 hits

(i r'” wﬁrrwmm,‘, W“W‘mr 3;,‘1!””!’3) 'M-N.-mww,m- W"WW{’"" "’rwnm.unﬂyoﬁpuv\ 'WUWW’W‘m‘t""‘"wm"I‘AHW“W l‘” ‘,Wr-mwmw WW!‘;; Mt i I W]UH’l"!f""""'i?"‘""" mmmmf f!f""“r‘“‘“’”’“”

LA 11 AR i “"Wwwvwww.. UL “Wugmwuw.u‘y._,,._th\ll\ T ot T ) WAL RN e S R N Wl\»m!w,naumh

30 bits 40 bits PRBS (random gap)

r
o) | &~ .
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BlindDversamptessting

00 P PSRN (/% | (| PN I ™ .gf-‘r.'f'f’*v'""n,l

-HI“,HH\ hw W_“_,.m,.nmmi\ MH\.W', A .'HHHH\ llvl\,wv e L

PRBS (random gap)

%
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Upstream::Customizing the:FTiH .
Veryfastfine:phaismpment (blockrdiagram)

Oversampler
Clock In o
Reset | >
20
// g Word Aligner #1 L
20 /
Frame
—> MUX
> 20
= Word Aligner #2 //
— —  ls
—— " 1 > Data out
/ Down- 4|J7 —
Data In 20 sample 4
20 [ o
- 20
I . /
L & Word Aligner #3 7
Comma
» ——»
——»
Frame
.
20 L jo
// P Word Aligner #4 7

9| &
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Upstream:Customizing the: FTTH
Veryfastfine:phaigpment (moreidetailed)

80 bits:

fffffffffffffffffffffffffffffffffffffffffffffffffff |

MO (oo e o[l laa oo [o]o]
fffffffffffffffffffffffffffffffffffffffffffffffffff |

i BahbpoonBBBoonn

O BhpboonanBoonn
___________________________________________________ |

0|0 0‘0|1‘1|1‘1‘0‘0|0‘0|1‘1‘1 1‘0|0‘0|0‘ :000

~ ___—J

=x"55555"

=0 =1
=0 =0 o|of(f0|0|O0|O0|O|jOfO|O|OfO|O|O|O|O|O|O OO
| Do
~ ___!

=0 =1 ———— > = x"55555"
-0 -0 o|o|o|oflo|ofo|ofo|oflo|o|lo|o|o|o|[o|o|o]|o
~ __41

=0 =0 ———— =x"00000"
=1 =1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

LUT LuT

“EDGE” | =0 “EDGE” | =

> | o
\\_/ VHDL desigr€sabaSo0s 46
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etall

LUT
Data IN —~ *
4
xéx X | X
Data  Edge
0|0 |0 | 0 =g 0 0
0 olo 1 | =l | 0 0
0|0 |1 0 =i | 0 0
00 |1 1| =f 0 1
o100 —’T o |
o101 —»T o |
0 1‘1 0| =t 1 0
0 1.1 1| = 1 0
10|00 —»T T
10|01 —’T o |
10|10 —»T o |
10|11 1 —.-T T
1 1.0 0 | =l 0 1
11|01 —»T T
1|11 o0 —»T o |
11|11 —.-T o |
x x|

4 g
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