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Introduction ¢«

J

Carries out basic research in the field of experimental and theoretical
particle physics.

J

(Group leader: P. Farthouat)
* BE — Back End Systems Section; Group Leader: F. Vasey

* FE — Front End Systems Section; Group Leader: F. Anghinolfi
* ME — Microelectronics Section: Group Leader: M. Campbell



Introduction z«s

J

Provides distribution of:

v" synchronous timing with Bunch Clock(40.079MHz)* Single

= optical

v'the level 1 trigger command fib
ibre

v'broadcast and individually-addressed control commands —

*The Bunch Clock is the frequency at which an observer sitting close to the ring could ‘see’ particles passing [1]

Simplistic case:
2 bunches,

2 beams,

1 observer
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Cycle-to-cycle Jitter -

Short term variation in the clock period between adjacent clock cycles; ] M,_PP. — ‘L

Period Jitter e

Short term variation in the clock period over all measured clock cycles, 1 . :T

compared to the average clock period; al

Skew lJitter - - -

Phase error between the reference clock and the measured clock over —‘— | ‘— \_——L

all clock periods; —~ = ] - 1

Time Interval Error Jitter e

Actual deviation from the ideal clock period over all clock periods. — ‘ ‘ — —L
TR TIE(n1)<T(ne 1K 1)T0
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How temperature affects TTC systems?

\
s with temperature‘.. j

Yj'\tter varie
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°* The HL — LHC will increase the amount of data

(by 2020)

*A new GBT — based high-speed rad-hard optical link under development
*Most of LHC upgrades adopt the new GBT — based link (LHC, CLIC, ATLAS, CMS, ALICE, LHCb

etc. ) GBT

Vers|at|Ie Link

GBT

Timing & Trigger, vf )
PD

DAQ

GBTX —
w > LD

Custom ASICs

On-Detector
Radiation Hard Electronics

The GBT-FPGA team: Mrs. Baron & Mr. Barros Marin

K_'Timing & Trigger

—> DA

k_’SIow Control

:/_‘ FPGA )
%
>
<

Off-Detector

Commercial Off-The-Shelf (COTS)
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Project Overview

v'Characterization of several components of a TTC system in terms of Jitter VS
Temperature

v'Verify the data transmission/reception with fixed and deterministic latency
capabilities of the GBT-FPGA under different conditions (e.g. after power up,
reset, temperature variations, etc.) with different FPGAs

v Implementation of a fully automated test bench
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roject Overview

2.05GHz Synthesized Clock Generator
Stanford Research Systems CG635

Thermal Chamber T-40/50

40.079 MHz

o WD B

LECROY WaveRunner 104MXi-A
1 GHz Oscilloscope

Data Acquisition System
Agilent 34970A

~/_~
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PH-ESE

Software :
Labview 2013
Python

TCL

Matlab

Temperature Impa
Timing Systems

cton
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Project Overview

Attention!

Before starting the
tests, remove all
non-electronics

objects!

15



Project Overview

=data rate: 40, 80, 160 or 320 Mbit/s;
=output clocks: 40, 80, 160 and 320 MHz;

=Tests performed: jitter evaluation for several clock and data inputs
versus temperature (reset or no reset of the board).

=Board: kc705
=Optical link at 4.8Gbps

=Connectivity
= Loopback

= Board-to-board

=Tests performed: Clocks skew jitter and data latency evaluation

Ll versus temperature (reset or no reset of the board)
y n GBT — FPGA on KC705
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Project Overview

Implementation:

Waveform

Two FPGAs Generator

communicating
with each other

gy
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Example results

eCDR (Clock and Data Recovery)

Mean Values Standard Deviation Values
Type of Test Jitter Min Temp | Min Temp Min Temp . o
(10°C) (60°C) A (10°C) Min Temp (60°C) A
Cycle to Cycle constant ( 2 fs) 0 12 ps 14 ps 2ps
eCDR mode wit Period constant (6.25 ns) 0 7.5 ps 8 ps 0.5 ps
320Mbps data TIE 0 0 0 12.5 ps 11.5 ps 1 ps
input (PRBS) Skew between clocks 0.2 ns 0.3 ns 0.1 ns 17 ps 16 ps 1 ps
Skew between clock and data 1ns 0.7 ns 0.3 ns 5.62 ns 5.68 ns 0.06 ns
GBT — FPGA on Xilinx FPGA (Kintex 7)
Skew Value
Standard Deviation 46 ps
Ll Mean 215 ns
(Vg
SE.
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Weird points

Example results

\
STD Skew for Clock Input and Clock Output vs. Time STD Skew of TX DATA FLAG and RX DATA FLAG vs. Temperature
x 10 30MHz input and 30MHz output((with reset) = _x 10° RHESET of FPGA Kintex 7
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Summary & Outlook

Summary

***Characterization of jitter and latency of components of a TTC system

“*Implemented fully automated test bench

» Several units already tested

Outlook

“*Finish ongoing tests (e.g. GBT-FPGA on Xilinx FPGA (Kintex 7), Si5338,
TTCrq)

“**Perform new tests (e.g. LMK32000, GBT-FPGA on Altera FPGA (Cyclone V), TTC-
.,PON clock and data recovery with KC705)
V)
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Units Under Tests

Standard tests Additionnal tests

Temperature Temperature
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Boards/devices . Locking Power Contact persons Priority
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reset reset
—c TTCrx Ok tbd X X Paulo. Sophi -
r aulo, Sophie
a QPLL ok thd X X ?
. Peter Lichard, Vito
Si5338 Ok tbd X X . . 2
Palladino, Sophie
LMK32000 thd tbd X X Dimitris, Sophie 5
9 CDR - FM 40MHz Ok Ok tbd Ok
Q
> CDR — FM 30MHz Ok Ok X
[=)
CDR —internal
ePLL-CDR . ! . Ok Ok X Ok Pedro, Paulo, Sophie 1
calibration
CDR - external
. . Ok Ok X Ok
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GBT-FPGA on Tx Ok Ok
KC705 Rx Ok Ok
GBT-FPGA on Tx Thd* Thd* X X Manoel 3
Cyclone V Rx Thd* Thd* X X
tandard Thd* Thd*
(I-}J) TTC-PON clock and standar X X el G Tl
, Dimitris,
data recovery with With internal 4
Ll U Tha** Thd** X X Sophie
I KC705 VCXO
(a1
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