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Particles are maintained in their configuration
thanks to the RF Cavities in point 4.




Bunch Structure in LHC

Bunch spacing 25 ns - 7.5 m long
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* With the High-Lumi upgrade there will be 200 collisions per bunch crossing, which is a
factor of 5 from the current scenario. High Pileup because of superposed collisions.

 Adding a 4th dimension allows to distinguish superposed collisions in space.

* Picosecond-level phase stabillity Is required.



Timing Distribution System - ATLAS Network
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e The Reference Clock is embedded in the data stream.
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* Jo maintain synchronization the clock is recovered from the incoming data and
used as a reference for the next transmission of the cascade.

* The transmission is synchronous (phase aligned) to its reference clock.



Phase Alignment

 Data streams are parallelized when entering in an FPGA, to be handled with a
slower clock. (Ex: 9.6Gbps with 240MHz clock means division by 40)

* Jo handle the data always with the same offset, frame headers are used to
perform the alignment.

 With 8b10b encoding, the headers are called commas: in the receiver a state
machine performs the alignment by shifting bit by bit the parallelized data until

the comma is in the predefined position.

0100101001 1011001001 1101001011 Comma (10 bit)
0100101001 1011001001 1101001011 0100110110

0100101001 1011001001 1101001011 0100110110



Phase Alignment
In the Recelver
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e Data and Recovered Clock
are both aligned using the
comma as a reference

 Between startups, without
alignment the divided
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Phase Alignment
FPGA INn the Transmitter

-
Transceiver (Tx)
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Default clocking architecture (non deterministic)
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Proposed clocking architecture for Phase Monitoring and Alignment
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Default clocking architecture (non deterministic)

e At each tx reset the phase relation between XCLK and RefClk changes by n Ul

* The phase relation between XCLK and the Data Stream is always fixed

Tx Ul Alignment test with MyUIlAligner - Aligner disabled
Si5391-A as TxRef, Zynq FPGA + DDMTD + TxPI, no bufstatus flag used.
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Tx Ul Alignment test with MyUIlAligner - Aligner disabled
Si5391-A as TxRef, Zynq FPGA + DDMTD + TxPI, no bufstatus flag used.

P(Ap) ) . .
A Scope: TxRef-TxData | [ DMTD: TxRef-XCLK
| o: 1194.62 ps g: 1194.66 ps
0.0015 ¢ pkpk: 4063.75 ps pkpk: 4062.89 ps
1 UI ~1 04pS points: 2000 points: 2000
\tlme: 9h8m | \tlme: 9h8m
0.0010 -
0.0005 -
~1628.75 _816.754 _4.75367 807‘.246 1615.25 > L@ ps]

14



Tx Ul Alignment test with MyUIAligner
Si5391-A as TxRef, Zynq FPGA + DDMTD + TxPI, no bufstatus flag used.
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My phase alignment project: https://qgitlab.cern.ch/eorzes/tx-ui-aligner/-/tree/master 15



https://gitlab.cern.ch/eorzes/tx-ui-aligner/-/tree/master

DDMITD

Digital Dual Mixer Time Difference

dmtd clk domain
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FPGA with ps-level accuracy H} Digita
> Counter
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. . @ D Q : Deglitcher HISe
slightly slower than the input : Generator ,.
clock SN
>

My DDMTD: https://qitlab.cern.ch/eorzes/tx-ui-aligner/-/tree/master/src/hdl/myddmtd
Original DDMTD: https://white-rabbit.web.cern.ch/documents/DDMTD for Sub-ns Synchronization.pdf
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https://gitlab.cern.ch/eorzes/tx-ui-aligner/-/tree/master/src/hdl/myddmtd
https://white-rabbit.web.cern.ch/documents/DDMTD_for_Sub-ns_Synchronization.pdf

DDMTD - Sampler

The output period is the amplification
of the input period by a factor of n+1.
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dmtd clk domain

DDMTD - Deglitcher

* At high resolutions jitter is sampled, causing glitches on the sampler’s output.

 The deglitcher is a state machine that removes the glitches by choosing as a
valid transition the last one.
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o clk_in
o clk_dmtd

0
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DDMTD - Digital Counter .

dmtd clk domain

- = = e e e e e e e e e e e e e e e e e

Deglitcher

Deglitcher

______________________________________________

* A digital counter is used to count between the pulses corresponding to the edges

of the two deglitchers
* Averages are necessary to mitigate metastability and jitter

* The conversion in time is given by the following function

phase_ps = counter_n * 10'° x fin = Jdmtd
finJdmtd
1;

phase = counter_n * I g4 7
q
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Events (normalized to 1)

Other techniques

HPTD IP Core & BufferBypass
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Measurements from Eduardo Mendes.



Phase Alignment
FPGA INn the Transmitter

-
Transceiver (Tx)

Buffer Bypass
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PLL PLL

HPTD IP Core TN

Tx » Rx —» Tx ——
. CTP . Lm
tx_phase_aligner PHY Tx
* [xresets causes the S
transmitted data to . _.m' .
change the alignment Clock system — { -------------------------- Rt
with the reference clock Reset S evel flag —,
* No aligner is present In 5t phase_aligner_fsm
the transmitter IP core - al
: . 7 X_pi_ctrl |_TxPlports | » TxPI
e tx_phase_aligner is a i p
soft VHDL core to Clock T User| usri -
perform the alignment oxefel
exploiting txbufstatus |
ﬂag and EIaStiC BUﬁer HPTD IP Designed by Eduardo Mendes. -

Reference

HPTD IP Core: https://qgitlab.cern.ch/HPTD/tx phase aligner



https://gitlab.cern.ch/HPTD/tx_phase_aligner

Deterministic solutions:

Proposed Ul Aligner

HPTD IP Core

Buffer Bypass

Determinism 2pS 2pS 30ps
1 DDMTD FSM for alignment
Resources DRP Controller DRP Controller /
GT’s TxPI GT’s TxPI
Requirements Access to XCLK Access to txbufstatus flag Buffer Bypass setting

My phase alignment project: https://qitlab.cern.ch/eorzes/tx-ui-aligner/-/tree/master
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