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1. The requirements

1.1 Synchronized control

Streaming Data

Time Frame M+2

Time Frame M+3

Time Frame M+4 Time Frame M+5

—

!

ST;)P S-lLART

RE-START

= Whole detector dead time

RE-START RE-START

1.3 For TOF detectors, the phase of the clock relative to the beam crossing center point

1.4 For dRICH detector, the phase of the clock relative to the beam crossing center point
IS stable (< ~100ps) for shutter implementation (zero suppression)

Electron-lon Collider
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Time Frame 1 ... Time Frame M Time Frame M+1
| | |
START RE-START RE-START
RE-START: STOP and START at the same Beam Crossing
1.2 Jitter of the FEB/ASIC received clock: less than 5ps;
IS stable (less than 5ps);
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2. The designs

2.1 The EIC beam crossing

Electron Hadron Storage | HSR (N,=1160)

Storage Ring Ring (HSR)

(ESR) (N,=290)
Circumference C [m] 3833.940 match T, match T,
Revolution period T, =C/c [us] 12.7886

RF harmonic number h [] match HSR 2520 7560 Beam crossing: 98.5MHz
RF bucket spacing T, =T,./h ns]  match HSR 5.075 1.692 ?r 10..150ns
NOT bunch spacing!!! Orbit perlod: 12.7886 LS
Number of bunches N, match HSR 290 1160 or 1260 BeamCrossing
Bunch spacing T, [ns] match HSR 40.599 10.150
Gap length [ns] match HSR 1015 1015
RMS bunch length o, [mm/ps] 7-9/23-30  75-60/250-200
Electron Beam Energy: 5 — 18 GeV I — -
Proton Beam Energy: 41, 100 — 275 GeV — * —
Luminosity: 103* cm2s’! I —
Electron-lon Collider
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2. The designs

2.2 The ePIC Timing/Control distribution System Clock: 98.5 MHz (100MHz nominal)  ePIC

N
GTU

Online ElEE
GTU: Global Timing Unit computer Cohtrol
control encoding, status decoding. " EIC BN
- - Clock O)1
The interface for machine clock source, Common ( )
Data acquisition control and monitor etc.

local control over the RDO boards connected, though the
main function of the DAM is for Data Acquisition.

RDO:|optical interface of detector ReaDOut
control decoding, status encoding.
The clock/control interface to the front end electronics.
Data collection from Frontend boards, and data

Platform
DAM: Data Aggregation Module: Data
Aco uisi
DAM

The clock/control fanout, and status/busy accumulation.
(0)100

transmission to the DAM

/ nna \

FEB:

RDO
(0)1000

Detector dependent Front End / ASIC carrier boards.

FEB

Electron-lon Collider

Incremental Preliminary Design and Safety Review of the EIC Detector DAQ and Electronics William Gu 6




2. The designs

2.3
2.

The hardware design
3.1 GTU

GTU clock fanouts (1:~200):

Additive Jitter <1ps; Phase: fixed

Global control: 8-bit code (> 256
codes) on every clock

Dedicated (Elock only, 197'Mbps) fiber
Additive Jitter <1ps; Phase: fixed

The GTU will have ~150 ports (four
fiber per port). Each port can
connect to one DAM.

GTU <—-> DAM port

GTU: Global Timing Unit

Online computer
Run control

Fy

EIC
COMMON EIC/ePIC clock &
PLATFORM beam orbit info

v

Transmitters|

Clock @ 98.5 MHz

. Rece
Downlink  GTU_CONTROL, 8-bits (+ 1 k_bit) @ 98.5 MHz scelvers

8-bit plus K-bit, Beam Orbitjsynchronized RunControl command

GT
Clock hutfers :
1:~200 ) FPGA
SFP .
| *LE GTU
» DAM | = = DAM | = = = = = = = DAM

LI

GTU 8-bit plus K-bit, DAM and the DAM connected RDO/FEE/ASIC status DAM H H
. Wplink  DAM/RDO Status, 8-bits (+ 1 k_bit) @ 98.5 MHz Could be a separate clack fanout PCE, if needed
Receivers it ¥ RDO |- RDO RDO |------- RDO
) Clock feedback @ 98.5 MHz, 197 MHz, or maybe 394 MHz (optional)
’
Electron-lon Collider
William Gu
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2. The designs

2.3 The hardware design
2.3.2 DAM

DAMI|clock fanouts (1:12):
Additive Jitter <1ps;
Phase: fixed

MGT Clock/Control encoding (Quad):
Additive Jitter <~ps;

(TX serialized data relative to the clock) Phase:

stable, can be fixed

1:1 (CIock}ControI, 7.88 Gbps) fiber:
Additive Jitter <1ps; Phase: fixed

The Controls include the Control
from GTU, and the RDO/FEB
configurations from DAM

DAM: Data Aggregation Module

Rl45

Host Computer/DAQ

CLOCK
98.5MHz
[TI
GTU FireFly__RunControl
[
MX/RX— staTUS

GigaBitEth

: Fabric RefClks
N Clock RDO
NG | »TXs
RunControl ]
RDO/FEE config GTYs
(24/48)
| Status merging — RXs RDO
DataProcessing B
FPGA
Xilinx Versal
- 1
--~+| Network Switch/DAQ

F 3

The DAM will have one fiber port (four fibers) connects to GTU,
and 48 ports (two fibers) connect to 48 RDOs (one port each)

MGT_TX

DAM

MGT_RX

DOWNLINK @ 7.88 Gb/s (80 bits @ 98.5 MHz)

Pseudo_Clock: 0x0000_0003_FFFF_FFFF_FC00 {LSB first)
CONTROL: DAM3_DAM2_DAM1_DAMO_GTU1_GTUO_FFC00
* DAMN, GTUn are 8h10b encoded

v

‘\,

Ll

UPLINK @7.88 Gb/s (80bits @98.5 MHz)

IDLE: 0x0000_0003_FFFF_FFFF_FCOO (LSB first)
STATUS: STAT3_STAT2_STAT1_STATO_STAT_ENABLE_FFCOO
DATA: 64-bit Frontend data with 8b10b encoding

190 "MGT_RX
‘ Rx_REC_CIk‘
v
System Clock
Generation
and Phase CDR _reset
Detection)
| RDO
v
MGT_TX

Electron-lon Collider
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2. The designs

(two fibers) connect to the DAM, and
several ports connect to FEB/ASIC

Control_code: DAM1_DAMO_GTU_1111100000 Tt

dependent copper
(ophace | CDR_reset connection
on

21Vl

Electron-lon Collider

2.3 The hardware deSign J P INT OUT 5, (N/M)* 98.5 MHz
2.3.3RDO 1 | oM Aposio | ‘
ang Fiber - RX fanout 7o, Ino | ] kes]
RDO| MGT RECovered Clock: - 02 | N TR~
Additive Jitter <3ps; X |- I “—Phase :
Phase: stable, RxRECclkc | difference
fixed with PseudoClock (serialized X GTchRef . controltietection
clock/control from DAM) ' ) —
The RDO de-codes the control
synchronously, and the FPGA
RDO/FEB/ASIC configuration; RDO
Assemble time-frame data, also
‘ RDO/FEB/ASIC status VTRX+ on the RDO for radiation
This (3.94 Gb/s stream) can also be received by 7.88 Gb/s receivers
The RDO will have one fiber port MG el doClock ot iuions ST RDO flavors (FEBS)
-
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2. The designs

2.4 The risk mitigations (planB for requirement 1.3, Clock Phase < 5ps)

2.4.1 Direct system clock distribution from GTU to TOF_RDOs.
Clock jitter < 3ps, phase fixed

 Phase Correction

PhaseOrbit (average) RF-SoC (?)

Phasettl Phase#?2 Phase#1160 Phase#1

RDO(area)
Clock
Beam
pickup sz

Electron-lon Collider
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2.4.2 Beam Crossing monitoring and digital feedback to the GTU. GTU
To collaborate with EIC. t

10



3. Test results
3.1 RDO MGT_RxRECovered clock

FLX182 KCU105

SiS394A Si5344H

AT -
s < e et

s o .'é_n-.'&'_ -

Electron-lon Collider
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3. Test results

3.1 RDO MGT_RxRECovered clock

B19.20%

X 2
,,,,,,,

AEXU/105 121V

14 Mar 2024

15:08:32
Sp—

Si5344H - FLX182 - KCU105/XEM8320

RxXRECclk jitter < 3 ps (no jitter
cleaner is necessary on the RDO)

RXRECclk phase can be fixed at

~(0)ps precision

(by measuring the phase difference between
the RXRECclk and the pseudoClock, and
resetting the RxRECclk CDR.)

Electron-lon Collider
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3. Test results
3.2 DAM TX serialized clock/control
| A T Si5344 - FLX182 - ppRDO
| ” (Reference_Clock = Txserilizer & PseudoClock)
ppRDO
(ADCLK944)
Si5344H
(ref Clock)
FLX182
Pseudo_Clock (TxSerializer and RDO_fanout):
Jitter: 3ps; Phase: stable
- With AMD UltraScale Kintex FPGA test setup, the phase can be fixed
to ~(O)ps using the RESET/Phase_measurement, but need be tested
| on the AMD Versal FPGA, which is used on the DAM.
Electron-lon Collider
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3. Test results

3.3 Dedicated Clock from GTU to DAM 3.4 Other clocks (lower f) from RDO to FEB/ASIC
Jlab’s 12GeV upgrade

VS GND RSET CPRSET VCP
e

R DIVIDER PHASE

FREQUENCY | | CE{}ﬁSE

Trigger SuperVisor

REFIN

PCB and|backplane ReFine

N DIVIDER DETECTOR
Copper traces FUNCTION RESETS | l
PDB

v

: - L o S
Signal Distributor Analog Devices U " 0

AD9510 . o5 & ouroe

PCB and|backplane b ourt

Copper fraces Additive output

Trigger Distributor jitter (rms) mgm Qs

LVPECL: 225 fs =

Opt|C Transceivers LVDS/CMOS 275 fS LER R O ouTes

. . () OUTS
MUltl-M de flbers () OUT5B

O ouTe
M, 12,13.. 131, /32

() OUTEB

O out?
M, 12, /3...131, 132

() ouTTB

Trigger Interface

- Clock Jitter (from Trigger Interface) o < 3ps Used on the Trigger Interface modules to generate
SYNCHRONIZED /2, /4, /6 and /8 lower frequency clocks

Electron-lon Collider
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4. Summary
4.1 Status

4.1.1 RDO: preprotype RDO, six in hands, being tested 4.1.2 DAM: Prototype FLX155 (ePIC DAM) is expected this year

FLX155: Designed for ATLAS FELIX upgrade,
it is consistent with EIC/ePIC schedule.

4.1.3 GTU: prototype is being considered
we plan on finalizing the development in 2025.

Electron-lon Collider
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4. Summary

4.2 Conclusion

4.2.1 The design can satisfy all these four requirements, the tests and other experimental implementation proved that
the requirements can be met.

1. The requirements

1.1 Synchronized control
Streaming Data
Time Frame 1 ... Time Frame M Time Frame h+1 ‘ ‘ Time Frame W+2 | Time Frame M+3 | Time Frame M+4 | Time Frame M+5
ST:ART RE-START RE-START STHOPE‘ART REf‘START RE-:STAF%T RE,ETART
RE-START STOP and START atthe same Beam Crossing e wWhole detector dead time
1.2 Jitter of the FEB/ASIC received clock: less than 5ps;
1.3 For TOF detectors, the phase of the clock relative to the beam crossing center point

is stable (less than 5ps);

1.4 For dRICH detector, the phase of the clock relative to the beam crossing center point
is stable (< ~100ps) for shutter implementation (zero suppression)

4.2.2 More tests are needed to see if the risk mitigations (designed for requirement 1.3) are needed. The tests are
expected to finish in 2025 with the new hardware.

2.4 The risk mitigations (planB for requirement 1.3, Clock Phase < 5ps)

2.4.1 Direct system clock distribution from GTU to TOF_RDOs.
Clock jitter < 3ps, phase fixed

2.4.2 Beam Crossing monitoring and digital feedback to the GTU. GTU Phase Correction

To collaborate with EIG. t

PhaseOrbit (average) RF-SoC (?)

Electron-lon Collider
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Beam orbit cycle and ASIC clock requirement:

One orbit cycle = 1260 Beam Crossing (or ePIC system clock cycles)

1260 =2x2x3x3x5x7; 1160+ 100 =2x2 x5 (58 + 5)
98.5x2/5=39.4 (MHz)
98.5 /2 =49.25 (MHz)

98.5 *4 =394 (MHz)

Electron-lon Collider
Incremental Preliminary Design and Safety Review of the EIC Detector DAQ and Electronics William Gu

18



Jitter and Phase measurement using an oscilloscope

EIC/Common Platform/GTU clock: Si5344H as reference;

Clk_98.6

\ 4

Beam Crossing/lieference Clock

Si5344H FLX182

DAM MGT_TX output: FLX182/KCU105 pseudoClock
encoded lock| 1 |
ncode ocC CH#3 CH#l CH#2 1|2

_____________

RDO/FEB Recovered Clock: XEM8320/KCU105 plus Si5394A
CIkPD_98;

CIkSys 98.6 Detect
Si5394A KCU105
RxRecClk_197.3 |

Recovered Clock

v
”
l

Phase/lJitter measuring method using a scope (Tektronix MSO64):

Phase difference == WIDTH of the difference of the two signals CJ#‘Q’
Jitter == uncertainty of the WIDTH of the difference of the two signals l
assuming the reference clock is perfect.

loscilloscope Probes

Electron-lon Collider
Incremental Preliminary Design and Safety Review of the EIC Detector DAQ and Electronics William Gu 19



Overall hardware design

Clock Distribution Control

EIC J RunControl
arm computer

commaon platf

1Ethernet

Two-level fanouts RunControl

|
p {98.5MHz) orbit ‘ synchronized
|

Dedicated (clock only, 197 Mbps) fiber GTU

!

]

s _ - $

Additive Jitter <1ps; Phase: fixed :l ‘ Host PC

I I
]
I
1
1
1

fanouts (1:12):

Additive litter <1ps; Phase: fixed

MGT Clock/Control encoding (1:4):
Additive litter <~ps; Phase: stable, can be fixe

optional jitter clean

Clock fanoutji DAM F':'”:r";" » DAQ
g config, status
8-bit, 24-bit, 32-bit,

RefClk
ary "R 48-bit, 64-bit every
l clock cycle {10.15ns)

-..--II

1:1 (Clock/Control, 7.88 (/3.94)Gbps) fiber:

Additive Jitter <1ps; Phase: fixed \ [Slodk recoverylJefClk  T/Rxje—s  Control
[optional iitter cleaner; ReacClk GTY Conﬁg

Clock fanouts DAQ

J—

RECovered Clock: RDO

Additive Jitter <3ps; Phase: stable, !
FEB/ASIC |

fixed with PseudoClock |
Beam Crossing phase alighed Beam Crossing aligned

Electron-lon Collider
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anouts (1:~200):
Additive Jitter <1ps; Phase: fixed 3
System clock Beam Beam Orhit



