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A TTC upgrade proposal using
bidirectional 10G-PON FTTH technology

PON: Passive Optical Network
FTTH: Fiber To The Home
Single fiber
2 directions
2 wavelengths (1/direction)
Downstream direction (OLT->ONUs)

* High bandwidth
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A TTC upgrade proposal using
bidirectional 10G-PON FTTH technology
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A TTC upgrade proposal using
bidirectional 10G-PON FTTH te::hnulugy
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A TTC upgrade proposal using
bidirectional 10G-PON FTTH te::hnulugy
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The 10G TTC-PON demaonstrator

Overview

Downstream @11.2 Gbps
(1577nm)
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Upstream @2.8 Gbps

(1270nm)




The 10G TTC-PON demnnstratnr
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The 10G TT[: PI]N demnnstratnr
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Downstream path

Broadcast

LHC Bunch Clock (BC) synchronous
11.2Gbps serial link

8b/10b encoded, K28.5 comma

Payload: 216bits (27bytes) per BC

Latency: 75ns (Comparable to current TTC)

Bunch clock |

1BC=25ns

10G PON-TTC

&
]

28 Bytes

Current TTC |
/-
9] | &

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

Principle
Protocol TDMA
Hardware PON Specific ASICs
Downstream/Upstream clocking Asynchronous
Token passed by ... oLT
Burst recovery/alignment CDR
Dynamic Range >25dB
Guard Time 500ns
Training Time 500ns
Payload Data 3-5us
Waiting Time for 128 ONUs (Busy) | ~0,8 ms
.t R R AT R AR AR R IR
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Upstream: Customizing the FTTH standard

Framing: FTTx

Protocol TDMA

Hardware PON Specific ASICs

Downstream/Upstream clocking Asynchronous

Token passed by ... oLT

Burst recovery/alignment CDR

Dynamic Range >25dB

Guard Time 500ns

Training Time 500ns

Payload Data 3-5us

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

AR AR AR AR AR A

4 6 us B
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Upstream: Customizing the FTTH standard

Principle

Framing: FTTx TTC-PON
Protocol TDMA TDMA
Hardware PON Specific ASICs | FPGAs
Downstream/Upstream clocking Asynchronous Synchronous
Token passed by ... oLT ONUs

Burst recovery/alignment CDR Oversampling
Dynamic Range >25dB

Guard Time 500ns

Training Time 500ns

Payload Data 3-5us

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

Upstream traffic

ONU2

ONU1

%
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Upstream: Customizing the FTTH standard

Principle  gzeyeem

FTTx TTC-PON
Protocol TDMA TDMA
Hardware PON Specific ASICs | FPGAs
Downstream/Upstream clocking Asynchronous Synchronous
Token passed by ... oLT ONUs
Burst recovery/alignment CDR Oversampling
Dynamic Range >25dB Small (<6dB)
Guard Time 500ns
Training Time 500ns
Payload Data 3-5us
Waiting Time for 128 ONUs (Busy) | ~0,8 ms

Upstream traffic

ONU2

<+ ONUL

)
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Upstream: Customizing the FTTH standard

Principle  gzeyeem

FTTx TTC-PON
Protocol TDMA TDMA
Hardware PON Specific ASICs | FPGAs
Downstream/Upstream clocking Asynchronous Synchronous
Token passed by ... oLT ONUs
Burst recovery/alignment CDR Oversampling
Dynamic Range >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns
Payload Data 3-5us
Waiting Time for 128 ONUs (Busy) | ~0,8 ms

Upstream traffic

ONU1 > < ONU2

&

YEARS /ANS CERN

15



Upstream: Customizing the FTTH standard

Principle  gzeyeem

FTTx TTC-PON
Protocol TDMA TDMA
Hardware PON Specific ASICs | FPGAs
Downstream/Upstream clocking Asynchronous Synchronous
Token passed by ... oLT ONUs
Burst recovery/alignment CDR Oversampling
Dynamic Range >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5us
Waiting Time for 128 ONUs (Busy) | ~0,8 ms

Upstream traffic

> < ONU3

ONU1 > < ONU2

0
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Upstream: Customizing the FTTH standard

P”“mple Framing: FTTx TTC-PON
Protocol TDMA TDMA
Hardware PON Specific ASICs | FPGAs
Downstream/Upstream clocking Asynchronous Synchronous
Token passed by ... oLT ONUs
Burst recovery/alignment CDR Oversampling
Dynamic Range >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5us 7,14ns (2Bytes)
Waiting Time for 128 ONUs (Busy) | ~0,8 ms

Upstream traffic

< ONU1 ONU2 ONU3 ONU4 ONU5 ONU6
< 25 ns >
CE/RW
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Upstream: Customizing the FTTH standard

Prlnnlple Framing: FTTx TTC-PON
Protocol TDMA TDMA
Hardware PON Specific ASICs | FPGAs
Downstream/Upstream clocking Asynchronous Synchronous
Token passed by ... oLT ONUs
Burst recovery/alignment CDR Oversampling
Dynamic Range >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5us 7,14ns (2Bytes)
Waiting Time for 128 ONUs (Busy)

Upstream traffic

ONU1 ONU2 ONU3 ONU4 ONU5 ONU6
< 25 ns >
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Upstream: Customizing the FTTH standard

Prlnnlple Framing: FTTx TTC-PON
Protocol TDMA TDMA
Hardware PON Specific ASICs | FPGAs
Downstream/Upstream clocking Asynchronous Synchronous
Token passed by ... oLT ONUs
Burst recovery/alignment CDR Oversampling
Dynamic Range >25dB Small (<6dB)
Guard Time 500ns 3,57ns
Training Time 500ns 7,14ns
Payload Data 3-5us 7,14ns (2Bytes)
Waiting Time for 128 ONUs (Busy)

Upstream traffic

ONU1 ONU2 ONU3 ONU4 ONU5 ONU6
< 25 ns >
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Upstream: Customizing the FTTH standard

* Link Synchronization

— Clock recovery

— Reuse for Upstream path
 Calibration

— Response time measurement

— Transmission time adjustment
* Very fast fine phase alighement

— Changing for each ONU

—No CDR

— Blind Oversampling scheme

20
YEARS /ANS CERN



Upstream: Customizing the FTTH standard

* CDR not working with short bursts

* Exploitation of Downstream/Upstream
synchronization

* 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

a OLT RX@11.2Gbps

x4 oversampling
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Upstream: Customizing the FTTH standard

Very fast fine phase alignment

- 80 bits >
ooei1111000011110000 . . . .. .. o/o/o
oojoi111000011110000 . . . - .. . 000
oo@@@i11000011110000 . . . .. .. o/o/o
ooo/o/la11/l110000111120000 . . . . . . o000
Data 20
- ™Edge 0000000 00/00][0000/00000 =x'55555" L/ »
=1
Data 20
- > Edge 00000000 000/00000]0000 =x'ss55s” L/ o
=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
=D

: Data [1]0]1/0/1]0[1][0/1]0]1]0]1]0[1]0[1]/0]1]0 2
Edge [0/0/000/00/000/00/0/0/0/0/000]0 =xanaan’ L/ p

ﬂ
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Upstream: Customizing the FTTH standard

Very fast fine phase alignment

Data
Edge

Data
Edge

Data
Edge

Data
Edge

0
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VHDL design: Csaba Soos
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Upstream: Customizing the FTTH standard

Very fast fine phase alignment

- 80 bits >
ooei1111000011110000 . . . .. .. 000
oojoi111000011110000 . . . - .. . 000
oo@@@®iioo000112110000 . . . . . . 000
ooo0o01111000011110000 . . . . . . o000
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& 7
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Results: Upstream

OLT output

<« 22ns ——> o

95% stable operation!

Burst Bit-Error-Ratio (BBER)
3 o o 2
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Results: Upstream

OLT output (i
|:E I

| '-_.'II:|' a
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Results: Upstream

Still 5% of unstable cases. ‘
Possible solutions:

e Different initialisation
orocedure,

 Precise calibration
orocedure,

* Logic tweaking
* PHY tweaking ;
 Higher oversampling rate  «}
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Results: Downstream

ONU output

K 1-FE CA BF B EE Dz 3 5 3A BB B1 B7Y 36 88 BF CA DC A5 79 14 B- 381
[P TP | POUT TIVTTITN | INPPTPITE PO | PP PR PPN [T | U | T | IPTIT | PTTRPIT | YT OE| PATUTTITN | FPPITON | FPPPUTTT T TP [ FPPPUUIIT IO | FOPITITE [T

-
o

Typical continuous serial stream @11.2Gbps

Power Budget: ~25dB = 1:128 splitting ratio

Bit-Error-Ratio (BER)
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Conclusions

Proposed upgrade of two systems: TTC & "Busy”
Major improvements over the current system:

— Low & deterministic latency

— High quality recovered clock

— High capacity

Upstream path introduced

Scalability + dynamic Software partitioning ability

Backwards compatible (TTC only, not
busy/throttle link)



What's next?

* Reach 100% of good BER plots

* Reduce further the gap and training
nattern

* Properly characterize

e Go on the field!

— Feasibility study for LHCb LS2 (poster session,
Federico Alessio’s poster)
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BACKUP SLIDES
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Separated clock domains

ONU3

ONU2

ONU1

| otr

"KREGION X1Y6&;

"KREGIC

"KREGIC

Clock Region: X0Y0

CERN
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Datarate selection

ONU output ONU output
@11.2Gbps @8Gbps

ONU output

NOT SUPPORTED @6.4Gbps

BY FPGA
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CERN

Possible phases of 40MHz

280MHz

40MHz
0°

40MHz
51.428°

40MHz
102.857°

40MHz
154.285°

40MHz
205.714°

40MHz
257.142°

40MHz

30
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Upstream: Customizing the FTTH standard

Link synchronization (Externally)

BARREL 88108
SHIFTER 7—9 DECODER =75 GEAI?BOX rA—
WORD
PLL
TX F ALIGNER -
CPLL |

FRAME PHASE
GENERATOR MONITOR

37
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Upstream: Customizing the FTTH standard

Link synchronization (Internally)

¢ TX@28G | PISO

-4

1
Pl
REFCLK
140MHz QPLL
RX@11.2G CDR

YEARS /ANS CERN

SIPO

RXUSRCLK (280MHz)

20bit @ 140MHz

RXDATA

40bit @ 280MHz

RXSLIDE (PMA)

-

To RX logic

A

-
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Why calibration is needed (1/3)

EEEEEEEEEEEEE



Why calibration is needed (2/3)

1BC (25ns) 1BC (25ns)

21.43ns 3%3.57ns»

X

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

1BC (25ns) ¥ 1BC (25ns)
21.43ns

o

N

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

0

YEARS /ANS CERN

40



Why calibration is needed (3/3)




0

Downstream Latency

FRAME
GENERATOR

8B10B
ENCODER

Barrel
Shifter

8B10B
Decoder

GTX

N -

D C

Downstream latency=A+B + C+ D =73ns
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Blind Oversampler testing
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0 bits 10 bits 20 bits
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r
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Blind Oversampler testing

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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lUpstream: Customizing the FTTH standard

Very fast fine phase alignment (block diagram)

Oversampler

Clock In

Reset In >

y; 20
V4 - Word Aligner #1 Z

20 4

Frame
—» MUX
> 20
= Word Aligner #2 //
— I

Down- j f
—

| o sample

D|
]
=
o

20 *—p
- 20
— . /
L & Word Aligner #3 7
L
20 L j"
// P Word Aligner #4 7

4
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Upstream: Customizing the FTTH standard

Very fast fine phase alignment (more detailed)

80 bits >
) o .
MO (oo oo a[afo]olo]o] olole
I
H BeBoooobaasnoon
O  BoooooosssBooo
e .
ooo‘o|1‘1‘1‘1‘0‘0|u‘0|1‘1‘1 1‘o|a‘o|o‘ lo|o|o
7
Ne——

=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|o|o|ofo|lo|o|lo|o|o|o|o|oflo|o|o|o]|o
.. B
______

1
N /
-
-0 -° ———— =x"00000"
=1 =1 1 1 1 1 1 1 1 1 1 1 1 1 il 1 1 1 1 1 1 1

DATA | =1 DATA | =0 } 1(o|l1|of1|o|2fof1|ofafo|l1|o|1|o|1]|0]|1|0|— =x"AAAAA
LUT LUT x20
EDGE” | < 0 “EDGE" | = 0 ; o|o|o|o|o|ofo|o|o|o|o|o|o|o|ofo|o|o|o]|o

VHDL design: Csaba Soos
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Look Up Table in detail

LUT
Data IN —~ *
4

xxx X
' Data  Edge
0|0 |0 | 0 =g 0 0
0|0 |0 1 —.-T o |
0|0 |1 0 =i | 0 0
00 |1 1| =f 0 1
o|1|0 0 —»T o |
o101 —bT o |
o110 —bT o |
0|1 |1 |1 | —eniie| 1 0
1|00 0 —>T T
10 0 1 —»T o |
10|10 —»T o |
10|11 1 —.-T T
11|00 0 =l 0 1
10101 —DT T
1|11 0 —»T o |
1111 —»T o |
" -

VHDL design: Csaba Soos
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Customizing the FTTH standard

Very fast fine phase alignment

lpstream

delayed chars

HNEEEEEEEEEEEEEEEEEE

din

LITT T T T TTT T Tl T

&din_r

din

CITTTTTTTITTTITTTITITITITITT

CITTTTTTTTTTITTITITTITITITT

CITTTTTTITTITTITTTITITIT ]
CITTTTTTTTITTTITTITTITTIT]

EEEEEEEEEEEEEEEEEEEEE
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Upstream: C

BER vs BBER

ustomizing the FTTH standard
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Downstream path: ~25dB = 1:128 splitting ratio

Upstream path:
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2% unstable operation

11111111111000000111 ()00000111110001111111110000000111111111100000011111000111

Vo - | :

111111111110000001111100110000000111110001111111110000000111111111100000011111000111

: :

711111111110000001111100110000000111110001111111110000000111111111100000011111000111

:

171111111110000001111100110000000111110001111111110000000111111111100000011111000111

: : : ! : :

117111111110000001111100110000000111110001111111110000000111111111100000011111000111

51

YEARS /ANS CERN



