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Sensors / Transducers / Actuators

FRONT-END AND
DAQ ELECTRONICS Signal Conditioning — amplification, filtering,

impedance matching, isolation...

"Digital Electronics” Data-Acquisition & Control Hardware -
digitizers, ADCs, DACs, and embedded
Our expertise covers also controllers
“Analog” Electronics
(See F. Arteche talk) Software & Firmware — DSP, algorithms for

instrument control, data reduction,

g visualization, and automation
olita=
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Our Technologies
Highly specialized electronic cards based on high performance SoCs

More than Moore: Diversificati

Sensors

Analog / RF Passives HV Power Actuators

Biochips

- More than Moore devices
SoCs (MPSoCs, RFSoCs)

130 nm Interacting with people and environment

90 nm

iniaturization

65 nm

45 nm

32 nm

Baseline CMOS: CPU, Memory, Logic

22 nm

Beyond CMOS

CPUs, FPGA, ADC, DAC, Memories...
Hardware, Gateware, Firmware,

Software...
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Our Application Domains
RF instrumentation

communications, industrial

heating, quantum computing, EMI/EMC...

HEP Detectors (Electronics,
Powering, EMI-EMC, Timing)

RF, tomography, timing,
communications, medical imaging,
synchronization...

Planes Complementarios

Centro de Astroparticulas 'y
‘ ﬂ PA Fisica de Altas Energias
Universidad Zaragoza
LN\XO  ©brs

Bt+++++++
SHBRBE01
e T

Technology Transfer from Science to
other applications: Industrial, Medical...



4D Detector Prototype §

based on LGAD sensors i 1 man
and ETROC2 §iEs=s il

Timing bl e "
an d el ectro n | CS Projects; CMS-ETL, DRD7, TOMULA4, bTE...

Collaboration; @ M@

Instrumentation: Timing and Synchronization

-Scalable timing/clocking distribution system
-Self calibrating and mitigating perturbations
-Using as Commercial Off-The-Shelf (COTS) Whlte Rabblt

High Accuracy Default
PTP Profile of

Experience And Efforts With WR Technology

Preliminary Results Performance And Usability EEE1588-2019




ita A bit of background on - J§8
Synchronization /

Accelerators: The need for a Reference Jiming
RF Acceleration

Reference: Controls / measurements need to be synchronized



A bit of background on - NS
40 timing detectors R

Detectors: need for Reference in Time Measurements

wita

Colliders Multi-plane detectors Absolute notion of time

Both times T,and T, &+,
particle :¢ L. I
T, T, need a common _
At o,

REFERENCE

How do we measure Time?

MONTH DAY YEAR A HOUR
. M

pRcEEsl  \\/c ysually refer to a

DESTINATION TIME

MONTH YEAR AM HOUR

UL I AN IEE] Time Difference

PRESENT TIME

MONTH DAY YEAR Ay HOUR MIN At —_— T _ T
T L 100C * (M e JM - i
Jll Jdo 1585 = |U 12U 0 '

LAST TIME DEPARTED




A bit of background on - g8

wita
40 timing detectors
Timing: The need for a Reference
System Architecture Chronogram Particle
LEN Y 'llIh-llllllil...lIIl-l.lllq-llIlI-.‘ Crossing
E nariicle . N A ///// detector
: - N — :. Particle___Threshold ,f{\\____
::r g | Tpe L FPGA :' Trigger |
.: A A E Clock :\ .
.: SENSOR L“._ 4 Asie _J"'I e : ;'.-,.-;*:.;'.; o D=00F3
: ‘T—/ : TOA %q000\ X O=00F3
: DETECTOR : g
ol Reference
Absolute time Multiple Detectors

Ter needs to be a common synchronized

Te = Trep 5 + TOA,
reference among all nodes



wita A bit of background on - g8
40 timing detectors

Timing: The problem when you gets larger...

Multiple Detection Planes Time and Space maters... propagation

ITOA‘ ‘TD’&‘“ SKEW' you can calibrate it
: + TSKEW
particle| Detestor jJ{IJ‘ﬁr_"ErL:. T
System System REF, ——
Input « J Output
clk, o lane S -
plane P REF.
—~ i t
jo
Out clk path: t,,
TSKEW = (Trefo - Trefi)
Absolute time concept: REF,

Trer / clock phase REF

JITTER  ynavoidable

ATO

AT;

—

Technologies for Reference distribution / synchronization

ATjitter = (Aty — AT;)
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The Local Oscillator and Distribution Network

“Classic” distribution networks
“Open loop” systems that turned a complex “Closed Loop” system

Cope the problems at Design Phase
High Accuracy Default PTP Profile of IEEE1588-2019  white Rabbit

Based on
@ Gigabit Ethernet over fibre
@ |[EEE 1588 Precision Time Protocol

Enhanced with

@ Layer 1 syntonisation
@ Digital Dual Mixer Time Difference (DDMTD)

@ Link delay model
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reference clock & PPS

White Rabbit Principles

/( Disciplining the Local Oscillator
clock loopback
i Receiver
System - . —_— . Downlink 1 node
Timi erne plin =
Nil:sltlég link port § Receiver pmmemmed  Tx
Receiver Tl' ansmitter E e —
% ...... Other nodes
35 ) or switches
[ CS Cesium SWItCh | Tr‘nsmitte —T— N>
132.91

WR Switches Nodes

%‘ '?"‘ = e, ST . Y e
e 3 = R Z' ‘.?' @iy 4 '1: : X ___ —_,__: % ;'—:v
v -lﬂ‘ﬂ'-‘-."_ r . .

s X s 8

] - \mvr.l;‘.--

v A P Aﬂt.

: %
o s "":.v---- 55

.0». ‘\ -u..u.h.\,.‘.
- = -‘l. .
--.-._-,q e

'-!q-,gu_ *  Hardware; Gateware; Firmware;
| Carrier, FMC WR PTP Core Controls C code
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A bit of background on

White Rabbit

Clocking Performance

Accuracy: repeatability of the
reference edge in the slaves with
respect to an ideal master (skew)

Precision: dispersion of reference
edge (jitter)

Lowv accuracy Lo acouracy
Leww precision High precizion

High accuracy
Law precision

High accuracy
High precision

Dependent on quality

of the electronics...




And now...
Our 4D Detector

Base on ETROC?2
and...

White Rabbit

ecnolégico
de Aragén
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The ETROC2 Based Electronics...

CMS — ETL Electronics

LGAD |[ ETROC VTRX+ OPT. LINK |_ [ cgﬁgﬁrﬁe
TAMALES | READ OUT BOARD DAQ J [ CLUSTER

[HNGET and e
VIRASIL Family

Based on CERN GBT ASICs (optical data/clock link)

TOMULGAD-4D Electronics
LGAD || ETROC COAX CAB | DAQ ]4—:[
= COAX
TEST PCB sl TTC | CONTROL

A

TIMING]

No access to GBTs... we decouple data, clocking, controls

<> clocking

<> controls <« data

B
\[

OFFLINE
COMPUTING
CLUSTER
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The Multiplane Detector Architecture

A Endcap éﬁ
Planes fﬁ

Signals
>  Slow Control

W

ﬂ = Clock
Data (Copper)

IIIIII H Qi | ” _IIIIII_ <

> Data (Optical)
""" BackEnd o

]EE{ >‘IIDH=J DAQ B

Clocking Slave B

A SN\

Clocking Slave A
Clocking

Master
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The Detection Plane Reference Architecture

.‘-l llllllll EEEmEE l.lnl-...‘..llll..ll..

MONOPLANE DAQ MODULE ‘

) )
DAQ FPGA =
)
=
"Q- .......... eEEEmm sENgEw l.llll..‘-.lll"
Signals
E
USB Ethernet
< > Fast Command < >  Slow Control
< > Data = 15Trg

> Clock ¢ ) Broadcast Trg
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Open Loop Clocking Architecture with multiple Planes

2"hd MONOPLANE DAQ MODULE %

\ALRE NN RN TR pEEggEEEEEEEEEER SN N RN ggut i NgguE SN EEEEREENER

“-l-. SLLLY AR FFER RN R LY N RN Emn .-..‘
MONOPLANE DAQ MODULE -
i N FMC 2 (3 1
. 4 FAN OUT MHz |
'- >litter Cleaner . a
. PLL / Synth. . <C
) :_ [ Rst Clocking :
.:_\ And Synch Slave ) DAQ FPGA -
& x :_;\ S. CARD J
%..‘...lllllll.lllnnllll\ pEEEEEEENN P ] l..j-".
Signals
< >  Slow Control Data (Copper) ¢ > Trigger (local/global)

—>  Clock

17
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Close Loop WR based Clocking Architecture

..... p"Nggmn s N gugu SN EuE NN ENnggue " "2 EnEnEE

-=> 2nd MONOPLANE DAQ MODULE :
- P reanne femamEEmmmns e reasss T EessEEEEmsEEas i
. MONOPLANE DAQ MODULE
125MHz . .
Jl : . N FMC 2 (B )
= | 125MHz : =Hz.'i.=
—= >litter Cleaner . a
n PLL / Synth. : ¢
:_ RST Clocking :
< S (| Anasynch | Slave | DAQ FPGA :
= - = \_ S.CARD /
- A N~ / "
Signals
- >  Slow Control Data (Copper) ¢ > Trigger (local/global)

—>  Clock = >  Data (Optical)
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The meshy setup...

S P e |
—— - S ﬁ = o "

19
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The WR initial evaluation

L

Phase A: Coaxial clock distribution with
external clock synthesizer (40 MHz) using the
Si5338 as 1:N fanout (transparent)

Phase B: WR based clock (125MHz) slaves
using the S15338 to synthesize and derive 40
MHz outputs to DAQ and sensor card

Clock for
Plane A —> —
T - Clock f
-t 0 o s i ock for
ﬁl‘ﬁlﬁl-ﬂiﬁiﬁmﬁﬁ;?A Plane B
WR Switch — > B
) 515338 T DA SENSOR
Clock Path . CLOCK CLOCK CLOCK CLOCK PCB CLOCK

Test Point Test Point Test Point Test Point Test Point
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TIE Jitter Performance; 40 MHz analog vs WR based distribution

40 MHz ldeal White Rabbit
Clocking Based Clocking

Detector Plane A Detector Plane A

1500 -
1250

ol -

Plxel Matrix

Periphaeral

ana -

250 +

-4 —z u 2 4 i -5 an 05
1e-12

Detector Plane B Detector Plane B o
Sniffing the ) b
ETROC JEZ- zsnf
internal -4 -2 0 2 1: . =14 4.5 Q.0 05 1,&_1;'_2
clock Plane A RMS jitter =1.3658 ps ~ Plane A RMS jitter = 2.2489 ps

Plane B RMS jitter = 1.504 ps Plane B RMS jitter = 1.1864 ps

Close to Golden Reference System
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System Level Validation: The Multiplane Detector Architecture

el B Sat
éé éé anes éé éé
449 4%% 494495
éééﬁééé ééé@ééé Signals
79 99 9 ;e
é H é “ ¢ '?:taer Local
_::::::E Z:n Z >=>§::::::§ Tri:;ggerGIobaI
m Slave A Eear Slave B w

BackEnd
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VALIDATION: TLU CLK@40MHz With 2 DAQ, 1 ETROC, 1 Data channel

Slow Control USB

HDMI | )
Busy H Local Trg E
40MHz F Sync | 913 _P,
d . - Rst _] J17 N
Broadcast TrlggevG Nl Local Trg E
Fast Command B e < Busy H
¢ — ~Sync |
“ P . Rst |
20 Data Right C 711N, Broadcast Trigger G
....... ] p Fast Command B
; - 40MHz L1 __DataRight C N
o | ( =3
Slow Control 7 __160MHz A >
12C : ™
[ 160MHz Trg
s : 40MHz o ‘_“A 3] 40MHz LO USER CLK J11 P, J12 N
<

JTAG,
Fast Data and
Control

23

——) Bus

Signal
Clock
Standard bus

Ethernet

|:>Data

<—— S|ow Control I:>Fast Command ==—=—=) Trig Event
——> Level 1 Ac.

Local Trg
Broadcast Trg

<«—> HDMITLU
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wita

Clocking, Synchronization and Performance

Multiplane test,

40 MHz Analog Clocking
AIDA TLU for distribution

and Multiplane
Synchronization




Other Planes
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WR EXT-CLK@40/125MHz, With 2 DAQ, 1 ETROC, 1 Data channel

——_--.------_---------------------------------
e Pig WR fibre A Endcap Plane

] )
Broadcast Trigger — Local Tr
R gger  vovi d——H socal g E ¢ 40/125MHz[Oscl
” Unused a7 V4
- 40MHz _
) Local Trg E

Fast Command B e < Busy H
. — ~Sync |
| e ~ Js_p, I ; Rst J
T = - Data Right C 711 3, Broadcast Trigger G
....... : ] p Fast Command B
] AovHz L1 covt ket e __DataRight C )
S| C | 160MHz A 5> JTAG,
ow Contro
12C z, _FOUT CLKO 40MHzLO USER cg Fast Data and
f‘ a J5_P, J3_N JI1_P,7J12_N Contr0|
§ 40/125MHz LOsc1 o |5
/ = & Slow Control USB
<€
——) Bus
Signal <«——> Slow Control I:>Fast Command =====) Trig Event Local Trg <« HDMITLU
Clock Ethernet |:>Data ———) Level 1 Ac. Broadcast rg ——= Clock

Standard bus
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DAQ Interfaces

Il A A A I Il Il
HDMI Q1) I GBTCLK I I
40MHz F Busy H 160MHz  Local Trg 40MHz 40MHz FMC 40MHz JTAG, FMC Slow Control
Bcast tri Sync | CLKO 313 P, H?f—c“ e USER CLK L0 Fast Data & USB
J32 P, J34_p, CLKIN Ji1 p,
casttrigger G |Rst |) JiijN A 7w E I s F o K T Control
b J37_N
oo
h4 X .=
S “ = ok
[ O —=— =0
2 5 8 28324
Q 5 S £33
I I LA A A
I I (] D ) HDMI
\'4 y Vv
], Rst
» Sync
Busy
Bdcast Trigger
Local Trg
Fast Command<{—= ¢ JFast Command
Data ——= v Data
(_Iﬁ g GBTCLK
[ ” Il |! i FMC
FOUT HDMI

CLKs CLK
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